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DEDICATION 


When it comes to the future, there are three kinds of people: those 
who let it happen, those who make it happen, and those who wonder 


what happened. 
—John M. Richardson, Jr. 


This book is dedicated to our students, past, present, and future, who 


we know are well equipped to make it happen. 
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FOREWORD 


Much has changed in pharmacotherapy since the publication of the second edition 
of this text. New drugs have been introduced, and postmarking experience with 
those previously available has given us a better understanding of associated risks. 
In addition, patterns of medication use and drug exposure have continued to be 
affected by the way drugs are promoted, by reclassification of drugs from 
prescription to nonprescription status, by changes in drug prices, and by product 
shortages, which, unfortunately, have become commonplace. As a result of an aging 
population and other factors, more people are using more drugs today than ever 
before. Nearly half of Americans report having used a prescription medication in 
the last 30 days, and nearly a quarter used three or more. Perhaps the only things 
that have stayed about the same are the systems we use for prescribing, dispensing, 
administering, and monitoring drug therapy, which have not changed appreciably 
since the mid-1900s. As a consequence, drug-related morbidity and mortality is 
rampant. Nearly 20 years ago, Ernst and Grizzle! estimated that drug-related 
problems cost Americans more than $177 billion and were responsible for more 
than 200,000 deaths annually. It is unlikely that those horrifying statistics have 
improved in the years since. 


There are numerous ways we can improve medication use. These include the 
reassessment of the risks and benefits of direct-to-consumer advertising; possible 
expansion of the authority of the U.S. Food and Drug Administration to include 
“nutraceuticals” and dietary supplements; a slower, more controlled launch of 
newly approved drugs to allow an evaluation of safety and efficacy in population 
subsets not thoroughly evaluated during clinical trials; more structured, broad- 
based programs for postmarketing surveillance; and the development of fully 
integrated and properly aligned systems of prescribing, dispensing, administering, 
and monitoring drug therapy and for educating consumers about safe and effective 
medication use. 


Change won’t be easy (or quick); however, and, until improvements are made, 
individual practitioners will continue to be their patients’ best defense against drug- 
related morbidity or mortality—a responsibility that requires exceptional vigilance. 
The third edition of Drug-Induced Diseases: Prevention, Detection, and 
Management will help with that. Editors Tisdale and Miller have assembled a 


1] 


remarkable team of experts to serve as chapter authors and reviewers, and together 
they have created an essential resource for healthcare practitioners. The text uses a 
unique disease-oriented approach and organizes critical information in an easily 
retrievable format. It has been carefully updated using a standardized search 
strategy to include drugs introduced since the previous edition as well as new 
information about drugs previously marketed. Tables and figures also have been 
updated, where appropriate, to enhance readability and the text includes new 
chapters. 


Drug-related morbidity and mortality is rampant. Drug-Induced Diseases: 
Prevention, Detection, and Management 1s an extraordinary work that continues to 
be the standard for understanding and preventing drug-induced diseases. It can be a 
practitioner’s most useful tool. 


John A. Gans, PharmD 

Professor and Dean (Emeritus) 
Philadelphia College of Pharmacy 
CEO (Emeritus) 

American Pharmacists Association 


lErnst FR, Grizzle AJ. Drug-related morbidity and mortality: updating the cost-of illness model. J Am Pharm 
Assoc. 2001; 41:192-9. 
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PREFACE 


We are very pleased to present this third edition of Drug-Induced Diseases: 
Prevention, Detection, and Management. The second edition is used throughout 
the United States and in 20 other countries around the world, and it is gratifying to 
know that the text is helping fill a previously unmet need for this type of reference. 


In the preface to the first edition, readers were reminded of healthcare 
providers’ prime directive, “First, do no harm.” Although drug therapy can prolong 
and improve a patient’s quality of life, it is important to remember that drugs are 
also capable of causing harm by triggering new ailments or exacerbating those that 
already exist. The potential benefits of drug therapy, therefore, must always be 
weighed carefully against the potential harm. 


Unfortunately, we don’t always know all the risks associated with a given drug 
in advance. Premarketing trials fail to identify serious adverse events in at least 
20% of drugs approved by the U.S. Food and Drug Administration (see Chapters 
1-5). Despite best efforts to ensure that all drugs are safe and effective, millions of 
patients each year develop drug-induced diseases—some previously known and 
some previously unknown. In the second edition’s preface, readers were reminded 
of Heraclitus’ admonition, “If you do not expect the unexpected, you will not find 
it.’ Whenever drug therapy is employed, healthcare providers must train 
themselves to be on the lookout for unexpected consequences. 


Pharmacists, physicians, nurses, and other healthcare professionals on the front 
lines of patient care and pharmacotherapy must be knowledgeable about the risk of 
drug-induced diseases and methods of prevention, detection, and management. 
Students in the health professions must learn that pharmacotherapy has both benefits 
and risks. Every time a patient presents with a new disease or an exacerbation of an 
existing condition, someone needs to ask, “Could this problem be drug-induced?” 


The purpose of this book is to provide a comprehensive source of information 
regarding the prevention, detection, and management of drug-induced diseases for 
current and future healthcare practitioners. Our hope is that it will also encourage 
practitioners to weigh the risks and benefits before initiating pharmacotherapy and 
to always expect the unexpected. 


As in the previous editions, we consider drug-induced diseases to be a specific 
subset of adverse effects caused by drugs—a subset characterized by the severity of 
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symptoms and outcomes. For the purposes of this book, we have defined a drug- 
induced disease as an unintended effect of a drug that results in mortality or 
morbidity with symptoms sufficient to prompt a patient to seek medical attention 
and/or require hospitalization. 


The text has been structured to facilitate readers’ ability to find specific 
information related to drug-induced diseases. Section I describes the changing 
regulatory, legal, and practice landscape as they relate to drug-induced diseases; 
provides a general overview of the epidemiology and public health impact of these 
conditions; discusses factors that may contribute to the development of drug- 
induced diseases; describes the structure and strategy of postmarketing surveillance 
for their detection and characterization; and provides a general approach to patient 
evaluation. Sections II through XII are organized around specific diseases in which 
drugs have been implicated as causative agents or, in some cases, the organ system 
that 1s involved. 


The disease-related chapters follow a consistent structure: causative agents, 
epidemiology, mechanisms, clinical presentation and differential diagnosis, risk 
factors, morbidity and mortality, methods of prevention, management, and 
information for patients. Each chapter underwent blinded external review by one or 
more additional content experts. 


Numerous changes and, we believe, significant improvements have been 
incorporated into this edition. Three chapters have been added: Bleeding 
Disorders, Teratogenicity, and Oral Manifestations of Systemically Administered 
Drugs. Chapters have been expanded, and information throughout has been carefully 
updated by the contributors. Chapter authors used a structured and more consistent 
literature search strategy to ensure relevant information was not inadvertently 
overlooked. 


As in previous editions, each chapter includes a series of standard tables, 
which are in a consistent format throughout. All of the “Agents Implicated” tables 
include an indication of the strength of the evidence (Level of Evidence) that links a 
listed drug to a specific drug-induced disease: 


¢ Level of evidence A has been assigned when there is evidence of causality 
from one or more randomized, controlled clinical trials. 

¢ Level of evidence B indicates that there is evidence of causality from 
nonrandomized clinical trials, prospective observational studies, cohort 
studies, retrospective studies, case-control studies, meta-analyses, and/or 
postmarketing surveillance studies. 

¢ Level of evidence C has been assigned when evidence of causality is from 
one or more published case reports or case series. 
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Undertaking a book such as this is not an easy task, and we gratefully 
acknowledge the work of the chapter authors and expert external content reviewers. 
Without their significant contributions, this book could not have been completed. 
We also want to express our appreciation for the assistance of the ASHP staff. We 
sincerely hope that this text helps practitioners as they work to continually improve 
patient outcomes related to drug therapy. 


James E. Tisdale 
Douglas A. Miller 
October 2018 
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FIGURE 8-3 Drug-Induced Phototoxicity and Photoallergy 


The photo on the left depicts a case of drug-induced phototoxicity secondary to demethylchlortetracycline use 
for treatment of acne. The woman was wearing a hat that protected her face and neck from sunlight exposure, 
but her hands were exposed to sunlight while holding a railing at a sporting event. The photo on the right depicts 
a case of drug-induced photoallergy secondary to trimethoprim—sulfamethoxazole use for Pneumocystis jiroveci 
pneumonia prophylaxis. Eczema and hyperpigmentation of the sun-exposed areas are noted. Photos reprinted 
with permission from Wolff K, Johnson RA, Suurmond D. Fitzpatrick s Color Atlas and Synopsis of Clinical 
Dermatology: Common and Serious Diseases. Sth ed. New York, NY: McGraw-Hill; 2005:226-69. (See color 
section. ) 
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FIGURE 29-2 Transthoracic Echocardiogram with Doppler Map from the 
Parasternal Window in the Long Axis of the Same Patient as in 


Demonstrating a jet of moderate mitral regurgitation (arrow) directed slightly posteriorly, due to mild restriction 
of the posterior leaflet, as is characteristic of anorexiant-induced valvulopathy. LV = left ventricle, RV = right 
ventricle. (See color section.) 
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FIGURE 29-3 Apical 4-Chamber View from a Transthoracic Echocardiogram 
from the Same Patient as in and 


Demonstrating a jet of moderate mitral regurgitation (arrow) directed slightly posteriorly and laterally, due to mild 
restriction of the posterior leaflet, characteristic of anorexiant-induced valvulopathy. LA = left atrium, LV = left 
ventricle, RA = right atrium, RV = right ventricle. (See color section.) 
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CHAPTER 1 


Drug Safety and Drug-Induced 
Diseases: The Regulatory, Legal, and 
Practice Environments 


Cynthia Reilly 


The regulatory, legal, and practice environments in healthcare surrounding drug 
safety have been the subject of much scrutiny in recent years. In the early 2000s, the 
highly publicized market withdrawal of widely used drug products, including 
rofecoxib (Vioxx) and troglitazone (Rezulin) for safety reasons served as a focal 
point of concerns about the effectiveness of the U.S. drug approval and safety 
surveillance systems.! Eleven new drug and biologic products approved by the 
U.S. Food and Drug Administration (FDA) between 1996 and 2012 were 
withdrawn from the U.S. market between the time of approval and 2013.? This 
represents roughly 2% of the 522 products approved during this period. With the 
exception of drotrecogin alfa (Xigris), which was withdrawn for failing to 
demonstrate improved outcomes in patients with septic shock, these products were 
withdrawn for safety reasons that included cardiac and liver effects and 
opportunistic infections. 
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Other safety-related regulatory actions (e.g., labeling changes, such as the 
addition of precautions, contraindications, or black box warnings) are far more 
common and, although less publicized, have the potential for significant impact on 
patient safety if these therapies are not properly managed. Among the 522 therapies 
evaluated in a study encompassing the time period 1996-2012, 180 received a 
boxed warning either premarket or postmarket.* Of these, 105 products received a 
boxed warning as part of the preapproval review process, and 50 received a boxed 
warning postapproval based on safety concerns that arose after the products were 
marketed. Both premarket and postmarket boxed warning information was issued 
for 25 of the 522 products for which labeling histories were evaluated. Other 
adverse events associated with medication therapy, such as medication errors, have 
also heightened awareness among healthcare professionals, policymakers, and 
other stakeholders concerning all aspects of drug safety.> Consumers have also 
expressed concern, with one survey finding that 71% of respondents had either high 
or moderate concern about themselves or a family member being harmed by a 
medication error during hospitalization.* As medication experts, pharmacists play a 
critical role in ensuring drug safety through their activities in selecting and 
monitoring drug therapy, communicating risk versus benefit to patients to allow for 
informed decision making, and reporting suspected adverse drug events and drug- 
induced diseases. 

The extent of adverse drug events, which includes but is not limited to drug- 
induced diseases, is staggering. The FDA’s Adverse Event Reporting System 
(AERS) receives approximately 500,000 reports every year from prescribers, 
pharmacists, nurses, patients, and others.° In total, since its inception in 1969, the 
system has received roughly 5 million reports. In 2015, the FDA issued 19 public 
health advisories (1.e., descriptions of safety concern with recommended actions) 
concerning drug and biologic products.° However, it has been reported that 10% or 
less of the adverse events that occur are reported to this spontaneous reporting 
system.’ 

Drug-induced disease can result from unanticipated or anticipated drug effects. 
Disease also can occur from product impurities, as was the case with deaths 


attributed to the use of contaminated heparin in 2008.° Vigilance on the part of 
regulatory authorities, drug manufacturers, clinicians, and patients is necessary to 
minimize the potential for harm that is inherent in drug use. 


DRUG SAFETY: THE REGULATORY 
ENVIRONMENT 
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THE FDA AND REGULATORY EFFORTS TO 
ENSURE DRUG SAFETY 


Until 2007, FDA efforts to provide drug safety had largely focused on premarket 
strategies. However, as the history of the agency demonstrates (Figure 1-1), much 
of the FDA’s regulatory authority was created in response to harm, or concern for 
harm, associated with drugs already on the market.’ The origins of the FDA can be 
traced back to the late 1860s, when its predecessor, the Bureau of Chemistry, was 
established as part of the Department of Agriculture. Over the years, there were 
repeated attempts to introduce legislation to address concerns about adulterated 
drug products from overseas. However, it was not until 1906, when the Federal 
Food and Drugs Act was passed, that the focus of the agency shifted from scientific 
to regulatory activities. Although that legislation permitted regulation of drug 
product labeling, the impetus for the law was not drug safety but rather concerns for 
food safety, which were prompted by Upton Sinclair’s The Jungle. The novel 
exposed unsanitary conditions in the meatpacking industry, which at the time were 
considered the greater threat to public safety. 
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FDA predecessor, the Bureau of Chemistry, Established 
in the Department of Agriculture 


Federal Food and Drugs Act Enacted 


9061 


Name Changed to U.S. Food and Drug Administration (FDA) 


Food, Drug and Cosmetic Act Enacted 


861 


FDA Transferred to the Department of Health, Education 
and Welfare (Predecessor to Department of Health and 
Human Services) 


Kefauver—Harris Amendments Enacted 


c96h 


FDA Amendments Act (FDAA) Enacted 


2002 


FDAA Reauthorized 


Drug Safety Oversight Board Established (Mandated in 
2007 FDAA Reauthorization) 


6002 


Safe Use Initiative Launched 





FDA Safety and Innovation Act (FDASIA) Enacted 


FIGURE 1-1. History of U.S. Food and Drug Administration Drug Safety 
Activities and Regulations? 


It wasn’t until enactment of the Food, Drug, and Cosmetic Act in 1938 that 
legislation began to focus on premarket drug safety. Once again, this authority was 
granted in response to a safety incident in which an antifreeze-like ingredient in the 
elixir sulfanilamide resulted in more than 100 deaths.? In 1962, the Kefauver— 
Harris Amendments to the 1938 Act introduced a requirement to demonstrate both 
efficacy and safety prior to drug approval. This was the first legislation that 
focused on adverse events caused by active ingredients and was spurred by reports 
of birth defects following the use of thalidomide abroad. Severe malformations, 
including a flipper-like appearance of limbs caused by very short or absent long 
bones, resulted in withdrawal of the drug from worldwide markets. A U.S.-based 
drug manufacturer had applied for, but never received, approval to market the drug 
in the United States. 
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Significant efforts to improve drug safety have been addressed within the FDA 
Amendments Acts (FDAAs) of 1992, 1997, 2002, 2007, and 2012. Most notably, 
the 2007 reauthorization of the act grants the FDA increased authority to request 
that manufacturers complete postmarketing safety studies and requires that 
manufacturers develop and submit risk evaluation and mitigation strategies (REMS) 
for all drug products for which they seek FDA approval.!*'? Although patient and 
prescriber education programs are potential components of REMS programs, more 
stringent programs, such as patient and provider registries or required laboratory 
monitoring and reporting, may be included in a more comprehensive restrictive 
drug distribution system (RDDS). FDAA 2007 also requires that the FDA establish 
a mechanism to increase and coordinate postmarketing surveillance efforts. The 
requirement was addressed by the establishment of the Sentinel Initiative in 2008, 
which is discussed in greater detail in Chapter 4: Postmarketing Surveillance for 
Drug-Induced Diseases. The 2007 reauthorization also mandated the Drug Safety 
Oversight Board—an entity that the FDA had already created in 2005 following the 
market withdrawal of Vioxx—as a mechanism to advise the agency on managing 
and communicating information about emerging safety issues.° The FDA Safety and 
Innovation Act of 2012 (FDASIA) included a requirement that the FDA create a 
five-year plan to introduce a structured benefit/risk framework to be used 
agencywide to assess safety during the new drug approval process.!? In addition, 
the agency was directed to use monies collected from user fees to assess the 
effectiveness of, and make improvements to, the REMS program and evaluate 
strategies for using data from the Sentinel System to inform regulatory actions. The 
law also includes a focus on increasing the safety and integrity of the drug supply 
chain. Although requirements in FDASIA augmented existing work to address drug 
safety, it also sought to expedite drug development under certain circumstances. !* 
Specifically, the law called on the FDA to improve communications with 
pharmaceutical manufacturers engaged in drug development and to increase staff 
capacity and expertise to support the review of drugs for rare diseases and the use 
of biomarkers and pharmacogenomics for drug approval. 


THE FDA’S SAFETY-RELATED REGULATORY 
ACTIONS 


The FDA considers and may request a number of regulatory actions when a serious 
or life-threatening safety concern is identified for a drug. Each action has the 
potential to decrease or eliminate patient access to drug therapy. Therefore, 
decisions regarding specific courses of action must carefully balance the 
effectiveness of the drug, other therapeutic options for the condition being treated, 
the type of possible harm to patients, and the potential for its occurrence. 
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Regulatory options following drug approval include clinician and patient 
warnings, labeling changes, and product withdrawals. To increase transparency as 
well as consumer and clinician awareness, the Prescription Drug User Fee Act 
(PDUFA IV, a component of FDAA 2007 that authorizes the FDA to use fees 
collected from pharmaceutical manufacturers to conduct safety activities) requires 
the FDA to generate quarterly reports that include information on recently identified 
potentially serious risks and new safety information generated from the AERS 
database.!”-!> Introduction of this process and enhanced efforts via the MedWatch 
program and other FDA drug safety initiatives generate extensive amounts of safety 
information. Although this is beneficial, concerns have been raised about whether 
this information effectively reaches or is understood by target audiences, including 
healthcare professionals and patients.'°!’ Safety information is and always will be 
an evolving topic, but the FDA and professional associations such as ASHP are 
collaborating to determine how this information can be made available in ways that 
are most useful to clinicians and their patients. 


In July 2012, the FDA launched the first class-wide REMS for opioids after 
holding a series of stakeholder meetings to discuss options to ensure that the 
benefits of these drugs continue to outweigh their risks.!* The effort was in 
response to an alarming increase in the number of overdose deaths associated with 
the use of these products. According to the Centers for Disease Control and 
Prevention (CDC), such deaths have increased more than 300% since 1998, while 
prescribing rates for these drugs quadrupled between 1999 and 2010.!° In 2014, 
deaths from prescription opioids reached an all-time high of roughly 19,000.7° The 
REMS, which involved more than 30 products marketed by more than 20 
companies, required that manufacturers modify product labeling to include a boxed 
warning to highlight risks; provide training to prescribers, pharmacists, and other 
healthcare professionals to ensure proper use; and provide educational materials to 
patients.'? The extent of opioid prescribing and the morbidity and mortality 
associated with their use was highlighted by an advertisement during Super Bowl 
50 for a drug to treat a drug-induced disease, opioid-induced constipation.*! The 
promotion, which cost an estimated $10 million (based on projected costs of $5 
million per 30 seconds for Super Bowl ads), drew criticism from the White House, 
elected officials, pain and addiction specialists, and the media, among other 
stakeholders. In February 2015, the FDA announced plans to extend the REMS to 
include immediate-release opioid products.”” 


When less stringent interventions are unable or deemed unlikely to address 
safety concerns, RDDS can be used to allow continued availability of drugs that are 
associated with significant safety concerns but provide a health benefit if used 
appropriately in specific patient populations. RDDS can include clinician or 
facility registration, patient registries that are used to track and evaluate response to 
therapies, and performance-linked access systems. The FDA can request that these 
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programs be established for drugs that are already approved or as a condition for 
approval. For example, in 1999, the drug thalidomide, which had previously been 
removed from world markets, was approved in the United States for the treatment 
of lesions caused by Hansen disease, or leprosy.”> However, to prevent or reduce 
the risk of significant drug-induced disease, thalidomide is available only via 
physicians and pharmacists registered in the System for Thalidomide Education and 
Prescribing Safety (STEPS) program. The drug cannot be prescribed for women of 
childbearing age, unless the patient meets certain criteria (e.g., ability to 
comprehend and follow pregnancy precautions). The physician must also document 
proof of a negative pregnancy test 24 hours prior to initiation of therapy and on an 
ongoing basis during therapy. Oral and printed patient education materials are also 
a significant component of the STEPS program. 


Thalidomide is one of dozens of drugs marketed in the United States for which 
an RDDS is required (Table 1-1).7* This list is expected to continue to expand 
based on the FDA’s increased authority to require these programs under the PDUFA 
IV. Although these programs facilitate ongoing availability of drug therapies, they 
also present challenges to clinicians and patients. RDDS are not currently 
standardized, and each drug manufacturer may establish its own management 
processes, including clinician registration requirements. The variability and 
complexity of these processes can delay or limit patient access to therapies, 
especially as patients move between healthcare settings. At the urging of 
professional organizations and others, the FDA is evaluating strategies to minimize 
unintended consequences of these programs on continuity of care and patient access 
to these high-risk drugs. 


Table 1-1 FDA-Approved Drugs with RDDS24 


Drugs 
* al-proteinase inhibitor 


« Alemtuzumab* 
¢ Alosetron 
o Avelumab 
¢ Alvimopan 
¢ Ambrisentan 
o Axicabtagene 
¢ Bosentan 
¢ Buprenorphine and buprenorphine/naloxone fixed dose 
o Brodalumab 
* Cabozantinib 
* Carfilzomib 
* Carglumic acid 
* Ceritinib 


* Cisapride* 


* Clofazimine® 
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* Clozapine 
* Collagenase clostridium histolyticum 
* Cysteamine 
¢ Dalfampridine 
* Deferasirox 
* Deferiprone 
o Deutetrabenazine 
¢ Diphtheria antitoxin (equine) 
* Dofetilide 
* Droxidopa 
* Eculizumab 
o Fentanyl (transmucosal immediate-release and tontophoretic transdermal formulations) 
o Flibanserin 
* Gefitinib 
* Ibritumomab 
* Tloprost 
* Jsotretinom 
¢ Lenalidomide 
¢ Lenvatinib 
* Lomitapide 
* Macitentan 
¢ Mifepristone 
¢ Mipomersen 
* Natalizumab 
o Obeticholic acid 
* Olanzapine 
* Olaparib 
¢ Panobinostat 
* Pertuzumab 
* Pomalidomide 
* Riociguat 
* Rukxolitinib 
¢ Sodium oxybate 
* Taliglucerase alfa 
* Tasimelteon 
* Teduglutide 
* Tegaserod 
* Tetrabenazine 
* Thalidomide 
¢ Treprostinil 
* Vandetanib 
¢ Vemurafenib 
* Vigabatrin 


FDA = U.S. Food and Drug Administration, RDDS = restricted drug distribution systems. 
aDrug is available only through established compassionate-use programs. 


A significant challenge to the FDA drug approval process is the need to balance 
safety with more rapid access to innovative and life-saving therapies. Expedited 
pathways have been developed to meet these objectives.”° To qualify for these 
programs—which include fast-track designation, breakthrough therapy designation, 
accelerated approval, and priority review designation—a drug must meet specific 
requirements. These include that the drug must (1) address an unmet medical need, 
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(2) provide benefit over available drug treatments, and (3) be used in the treatment 
of a serious or life-threatening condition. The breakthrough therapy category that 
was created as part of FDASIA has, as intended, increased the rate of submission 
and approval of medications with preliminary studies indicating superior efficacy 
in treating serious conditions compared to existing treatments. From fiscal year 
(FY) 2012 through FY 2017, the FDA received 500 applications for breakthrough 
therapies.2” Of these, 191 applications were granted, 244 were denied, and 65 
were withdrawn from consideration. Although this change has been welcomed by 
many, others have raised concerns that, even though these pathways do not change 
the standards of quality for evidence required for drug approval, they do alter the 
extent of evidence that is necessary to demonstrate efficacy and safety.7® 


Often, expedited drug approvals are based on surrogate markers, with 
requirements for postmarketing safety evaluations to identify adverse events that 
either did not appear, or could not be fully characterized, during the drug approval 
process. Historically, the FDA had been criticized for failure to ensure drug 
manufacturers’ timely and adequate compliance with postmarketing requirements. 
This was, in part, due to the inability to enforce these requirements. With the 2007 
reauthorization of FDAA, the agency secured the authority to require studies and 
impose sanctions if timelines and goals were not met. However, to date, the impact 
of this change has been limited. An evaluation comparing the status of 
postmarketing studies between 2007 and 2011 found that the proportion of pending 
studies (1.e., those not initiated but not yet behind the agreed-upon schedule) 
decreased from roughly 57% to 44%.*? However, the proportion of delayed studies 
(those behind schedule) doubled from 6.8% in 2007 to 13.5% in 2011. When only 
those studies included under the 2007 FDAA change were considered, 15% of 
studies were pending and just over 1% were delayed. To a great extent, the lower 
percentages for FDAA-required studies reflect the fact that these processes had 
only recently been initiated (1.e., the timelines for these commitments were likely in 
initial stages and therefore unlikely to be included in the delayed category). 

The recent trend toward shorter time frames for drug approval has been 
criticized as a significant contributor to drug safety problems, but this perception 1s 
misleading because it implies a direct cause-and-effect relationship between 
shortened average time to drug approval and drug withdrawals or other safety 
issues. Safety concerns can arise throughout a product’s life cycle.*? An example is 
aprotinin, an antithrombotic agent that was used in cardiac surgery for 14 years 
before accumulating reports of increased morbidity and mortality resulted in its 
voluntary withdrawal from the U.S. market in late 2007.*! 

An FDA assessment of the timing of safety-related actions for 444 new 
molecular entities (NMEs) approved between 1991 and 2006 demonstrated that 
regulatory actions occur throughout a product’s life cycle.** Among drugs that the 
FDA approved during that time period, 78% were associated with at least one 
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safety-related action and 3% were withdrawn from U.S. market. A subanalysis of 
drugs approved from 1991 through 1995 (1.e., representing drugs that were 
marketed for a minimum of 13 years) found that 27% of NMEs underwent changes 
or additions to boxed warnings, warnings, or precautions sections of the FDA- 
approved labeling. No drugs in this subgroup were removed from the market. For 
drugs marketed less than 5 years (i1.e., those approved from 2003 through 2006), 
44% underwent safety-related labeling changes, and there were no market 
withdrawals. These data demonstrate that safety actions occur on an ongoing basis 
and that newer drugs are not necessarily more prone to safety issues. Rather, it is 
likely that new safety signals are generated throughout the life cycle of a drug. 


DRUG SAFETY IN THE LEGAL ENVIRONMENT 


Drug safety has been the subject of countless court rulings, with most cases 
focusing on who is responsible for ensuring the safe use of drug products— 
pharmaceutical manufacturers, prescribers, other healthcare professionals, or a 
combination of these entities. A summary of cases involving pharmaceutical 
manufacturers and pharmacies is provided in Table 1-2. 


PHARMACEUTICAL MANUFACTURERS 


State and federal courts have commonly found pharmaceutical manufacturers to be 
the primary entity responsible for drug safety. Historically, there has been 
substantial litigation against pharmaceutical manufacturers alleging that they hid, 
misrepresented, or otherwise failed to meet the obligation to inform clinicians and 
patients regarding known or suspected risks associated with a drug’s use. In 
Feldman y. Lederle Laboratories (1984), one of the more unusual cases, the New 
Jersey Supreme Court ruled in favor of plaintiff Feldman, who claimed that the 
drug manufacturer failed to provide sufficient information and warnings to 
physicians about the potential for tooth discoloration associated with its 
tetracycline product, demeclocycline.**> Ms. Feldman was prescribed and 
dispensed samples of the drug by her father, a physician and pharmacist, several 
times when she was an infant and toddler. The company claimed that at the time Ms. 
Feldman received demeclocycline, information about this adverse effect was not 
fully known, and therefore not included in the labeling and prescribing information 
approved by the FDA. However, abnormalities in tooth development and 
discoloration associated with tetracycline products had been reported previously in 
published studies of laboratory animals and children with cystic fibrosis who 
received high doses. A lower court had found the manufacturer not liable because 
the company had asked the FDA for guidance on whether to include a warning in 
the labeling of all of its tetracycline products, but the agency advised against 
including this information in demeclocycline labeling based on a lack of sufficient 
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evidence. However, the state supreme court disagreed with the lower court’s 
decision, noting that the FDA’s response did not prevent the manufacturer from 
providing this information or relieve the company of its responsibility to do so. 
There are several unusual circumstances in this case, including uncertainty as to 
whether Ms. Feldman received demeclocycline or another tetracycline. Because 
samples were used, no prescription or dispensing records were available to 
confirm the plaintiff’s assertion. In addition, most product liability cases include 
the manufacturer and prescriber as litigants, but in this instance, legal action was 
directed only toward the drug manufacturer, not the prescriber (the patient’s father). 


Table 1-2 Examples of Product and Professional Liability Court Rulings**° 
Case Name/Parties Involved | Year of Ruling | Typeof Case | Outcome 


Feldman v. Lederle Laboratories 1984 Product liability | Reversed a lower court decision and found that the 
drug manufacturer had a responsibility to provide 
information and warn about potential adverse effects 





Jones vy. Irvin and K-Mart 1986 Professional Maintained a lower court decision and found that 
liability while the pharmacist has a duty to warn, the prescrib- 
er's role as learned intermediary is predominant 
Brown v. American Home Prod- | 2000 Product liability | Approved a class-action settlement after finding that 
ucts Corporation Diet Drugs the manufacturer had failed to disclose information 


about serious adverse effects 





Warner Lambert v. Kent 2008 Product liability | Upheld a lower court decision allowing an exemption 
for patients to sue drug manufacturers for punitive 
damages, even in the absence of evidence of fraud 
Wyeth v. Levine 2009 Product liability | Upheld lower court decisions that awarded damages 
to a patient after finding that the drug manufacturer 
failed to provide adequate warning in product labeling 
about the danger associated with a specific route of 


administration 
Eli Lilly Company vy, United States | 2009 Product liability | Drug manufacturer pled guilty and agreed to a set- 
Department of Justice and marketing tlement to redress costs incurred by state and federal 
practices public insurers associated with off-label marketing of a 
drug product that resulted in patient harm 
Oleckna v. Daytona Discount 2015 Professional Reversed a lower court decision, and found that a phar- 
Pharmacy liability macist’s duty extends beyond due and proper care in 








filling a prescription 


In Brown vy. American Home Products Corporation Diet Drugs, the federal 
courts approved a negotiated settlement in the class-action product liability case of 
fenfluramine—phentermine (“fen-phen”) or dexfenfluramine with phenteramine.*4 
The class-action lawsuit found that product manufacturers for fenfluramine 
(marketed as Pondomin by American Home Products, Inc.) and dexfenfluramine 
(marketed as Redux by Wyeth) possessed extensive information, including 
published case reports, animal studies, case reports in patients taking drugs with 
similar effects on serotonin, and unpublished studies conducted by the 
manufacturer, showing that the drugs could cause damage to heart valves and lead 
to valvular regurgitation. The court found that despite having this information, the 
manufacturer continued to market the drug combination until the drugs were 
withdrawn from the market in 1997, without further investigating these reports or 
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warning prescribers or patients through labeling or other mechanisms. The 
settlement created a $2.5 billion fund to compensate patients for harm and cover 
current and future associated healthcare costs based on factors such as length of 
therapy and extent of harm. 


A 2001 U.S. Supreme Court case ruled that patients cannot sue pharmaceutical 
companies for withholding information during the drug approval process in 
instances in which the FDA has found no evidence of fraud or failure to disclose 
information. However, in Warner Lambert v. Kent, a split decision by that court 
upheld a lower court decision allowing an exemption in Michigan law that 
permitted patients who had received troglitazone to sue the product manufacturers 
for punitive damages by alleging fraud, even in instances when the FDA did not 
allege or find evidence of fraud.*> Similar exemptions exist in seven other states. 


A U.S. Supreme Court decision in March 2009 set a precedent that may affect 
future cases that involve how pharmaceutical manufacturers view and 
operationalize their duty to warn of significant adverse drug events in product 
labeling. In Wyeth v. Levine, the court upheld a state trial and supreme court 
decision that awarded damages to a Vermont woman whose arm was amputated 
because of gangrene that developed following administration of promethazine by 
intravenous (IV) push.°° The product’s FDA-approved labeling included 
information on the preferred route of administration (deep intramuscular injection), 
warnings about the potential for gangrene (especially with intraarterial or 
subcutaneous administration), and a preference for administration via continuous [V 
infusion rather than rapid push when the drug is administered via IV. However, the 
trial court found that the patient’s injuries would not have occurred if the product’s 
labeling included adequate warning, including specific information about the 
danger of IV push administration. The U.S. Supreme Court agreed with the trial 
court and disagreed with the pharmaceutical manufacturer’s argument that it was 
protected from state law claims because of federal labeling requirements and the 
FDA’s approval of the existing product’s label. In general, those requirements 
allow a manufacturer to change labeling only following FDA approval of the 
proposed change. However, the court noted that the manufacturer could have 
strengthened the safety warning through the “Changes Being Affected” regulation, 
which allows labeling changes that improve safety while the manufacturer is in the 
process of seeking the FDA’s official approval of that change. In issuing its 
decision, the court emphasized that the pharmaceutical manufacturer, not the FDA, 
is ultimately responsible for the accuracy and completeness of the product labeling 
and that the FDA’s regulatory authority is intended to be complementary to, not pre- 
emptive of, a state’s role in drug safety. This decision may have a far-reaching 
impact on other ongoing product liability cases. 


In 2009, Eli Lilly, manufacturers of the drug olanzapine (Zyprexa), pled guilty 
to misdemeanor criminal charges of promoting the drug for off-label use brought by 


the U.S. Department of Justice.*”? The settlement of $1.415 billion, included a 
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criminal fine of $515 million and up to $800 million to settle civil lawsuits with 
the federal government and the states to redress costs associated with off-label 
promotion that resulted in payments from Medicaid and federal programs for 
unapproved uses, including dementia and psychosis associated with Alzheimer 
disease in assisted-living nursing home residents. This amount was in addition to 
state-based consumer protection lawsuits that were resolved in 2008, when Lilly 
agreed to pay $62 million to 33 states. 


PHARMACISTS’ AND OTHER CLINICIANS’ DUTY 
TO WARN 


According to the National Association of Chain Drug Stores, as of March 2015 
there have been approximately 125 state and federal lawsuits involving the 
pharmacist’s duty to warn.®® The majority of these cases have found that 
pharmacists are not liable for patient harm resulting from adverse drug events or 
drug-induced disease. These decisions are generally based on the learned 
intermediary doctrine, which assigns responsibility for drug selection to the 
prescriber based on his or her knowledge of the drug and the individual patient. 
Pharmacists have generally been considered “sellers” of the drug product or 
service, and the courts have considered dispensing to be an extension of the 
physicians’ order. Several decisions have noted that if pharmacists’ liability was 
permitted, it could undermine the physician—patient relationship by calling 
prescribers’ authority into question.*! Based on existing case law, it is unclear how 
the learned intermediary doctrine would be applied to pharmacists who select drug 
therapy under collaborative practice agreements or with the significant expansion 
of information that would be available to pharmacists from proposed national or 
universal electronic health records. In Jones v. Irvin and K-Mart, the plaintiff 
appellate argued that the practice of pharmacy had changed dramatically, that the 
pharmacist had greater knowledge of the dangers associated with drugs than 
physicians and, therefore, the pharmacists’ duty to warn warranted new 
consideration. The court found that while this advanced knowledge may be true, the 
physician’s role as learned intermediary is predominant.*” However, in Oleckna v. 
Daytona Discount Pharmacy in 2015, Florida’s 5th circuit court of appeals 
reversed a lower court ruling that a pharmacist could not be held negligent for a 
death that occurred after a patient overdosed on a combination of opioids and 
alprazolam.*” The plaintiff asserted that the pharmacist allowed the patient to 
repeatedly receive refills before the supply of drug from previous prescriptions 
was exhausted. In allowing a civil lawsuit to proceed, the court stated, “We refuse 
to interpret a pharmacist’s duty to use ‘due and proper care in filling the 
prescription’ as being satisfied by ‘robotic compliance’ with the instructions of the 
prescribing physician.” These two cases highlight the fact that courts are beginning 
to take a more expansive view of the pharmacist’s role. 
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Although the learned intermediary principle has frequently shielded 
pharmacists and their employers from liability, it negatively affects efforts to 
establish pharmacists as medication experts and independent practitioners. Most 
importantly, pharmacists have a professional obligation to ensure safe care, 
regardless of legal liability. Patient education, including risk communication, is a 
significant component of the commitment that all pharmacists make through their 
education, licensure, and subsequent practice. 


THE DRUG APPROVAL PROCESS AND OTHER 
FACTORS THAT AFFECT DRUG-INDUCED 
DISEASE 


The drug approval process is expected to assess the efficacy and, to a certain 
extent, the safety of new drug products, but it should be noted that several 
characteristics of that process and the subsequent environment of drug use 
contribute to drug-induced disease. Patient populations in preapproval clinical 
trials are, by necessity, narrowly structured and defined. Strict inclusion and 
exclusion criteria often exclude patients with multiple diseases and advanced 
disease and patients of a certain sex, age, or race. Even the largest clinical trial 
conducted across multiple study sites evaluates a drug’s use in a number of patients 
that is small in comparison with that following broader use of the drug 
postapproval—use that includes individuals with characteristics not studied during 
the approval process. 


Drug-induced disease can also be attributed to conditions of drug use 
postapproval, which can differ dramatically from established conditions in clinical 
studies. An evaluation that linked outpatient dispensing and diagnosis information 
for 160 commonly prescribed drugs found that 21% of drug use was for off-label 
indications (i.e., did not match indications listed in the FDA-approved labeling).*” 
Further, 73% of this off-label use was considered to be based on little or no 
scientific evidence. Subtle changes in manufacturing processes can also contribute 
to drug-induced diseases. For example, between 1998 and 2001, there was a 
dramatic increase in the number of pure red-cell aplasia (PRCA) cases in patients 
with chronic kidney disease.*34 PRCA is a known, but very rare, adverse effect 
that can occur when antierythropoietin antibodies form in response to 
erythropoietin treatment. Most events occurred in patients treated with an 
erythropoietin product supplied by one manufacturer, but cases also occurred in 
patients treated with a similar product. On further analyses, the dramatic increase in 
adverse events was attributed to a change in the stabilizers in one manufacturer’s 
product and subsequent storage, handling, and subcutaneous administration of that 
product. Education regarding proper use of the various formulations resulted in a 
significant decrease in the number of PRCA cases. 
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Product contamination has also resulted in significant morbidity and mortality. 
One example is the case of serious adverse events associated with heparin that 
occurred from November 2007 through February 2008.°*° Adverse events included 
62 deaths, with other reports of patients experiencing allergic symptoms or 
symptomatic hypotension. Voluntary product recalls occurred when a pattern of 
serious events was determined. The adverse drug events were later linked to the 
presence of oversulfated chondroitin sulfate in the active pharmaceutical ingredient 
from an overseas plant that processed heparin from pig intestines. The contaminant 
was not detected in random sampling of manufacturing plants, in part because it 
mimics heparin in commonly used tests. FDA-conducted follow-up tests found that 
the contaminant accounted for 5—20% of the total mass of each sample tested. It 
was alleged that the contamination with chondroitin was a purposeful act.*° Plans 
to increase overseas inspections and to modify current standards for assessing the 
purity of heparin were also announced. This incident illustrated the importance of 
oversight and inspection of the complete product development process, including 
assessment of the raw materials. It also noted that even in a more robust system of 
inspections, purposeful adulteration may occur at any time by unscrupulous 
suppliers of raw materials and manufacturers, as well as criminal acts by private 
citizens, as occurred with acetaminophen adulteration in the early 1980s. Since 
passage of FDASIA, the FDA has taken substantial steps to improve the safety of an 
increasing global supply chain, including clarifying the agency’s inspection 
authority and increasing penalties for adulterated and counterfeit drugs. 


RECOMMENDATIONS TO IMPROVE DRUG 
SAFETY 


In recent years, a number of public and private entities have assessed drug safety 
efforts in the United States and made recommendations for improvements. Many of 
these recommendations, such as development of a national database for enhanced 
collection and assessment of reports of adverse drug events and drug-induced 
diseases, were included in PDUFA IV, and their implementation is complete or well 
underway. The following describes major reports and the current status of their 
recommendations. 


NATIONAL ACADEMY OF MEDICINE 


In its landmark 2006 report, The Future of Drug Safety: Promoting and Protecting 
the Health of the Public, the National Academy of Medicine (formerly the Institute 
of Medicine) issued more than two dozen recommendations to improve drug 
safety.t’ The report, which focused on postmarketing safety, identified structural 
and procedural barriers at the FDA that hampered efforts to enhance drug safety. 
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The report stated that preapproval data are inherently limited in their ability to 
identify infrequent adverse events and that existing approaches for data collection 
following drug approval are not adequate to address this shortcoming. The report’s 
authors called for increased proactive postmarketing surveillance by the FDA, as 
well as additional authority for the FDA to control manufacturers’ postapproval 
marketing activities. Many of the academy’s recommendations, including 
strengthened authority to require REMS, were included in PDUFA IV. Strategies to 
better inform the public, such as establishment of an advisory committee to address 
communication of risks, have also been implemented. However, _ the 
recommendation to prevent potential harm by restricting direct-to-consumer 
advertising for a period of 2 years following drug approval and requiring that 
labeling and marketing materials for these products contain a symbol to designate 
the recent approval status, were controversial and not addressed in the 
reauthorization of the legislation. Other National Academy of Medicine reports, 
including Preventing Medication Errors (2006) and Knowing What Works in 
Health Care: A Roadmap for the Nation (2008), have also addressed drug 
safety.°48 Although these reports focus on the broader context of avoidable harm 
from drug therapies and comparative effectiveness, respectively, they include 
components on drug-induced disease and postmarketing safety surveillance. 


GOVERNMENT ACCOUNTABILITY OFFICE 


In 2006, the Government Accountability Office (GAO) issued the report, Drug 
Safety: Improvement Needed in FDA’ Postmarket Decision-Making and 
Oversight Process, which evaluated drug safety processes based on an assessment 
of regulatory actions for four drugs: leflunomide (Arava), cerivastatin (Baycol), 
valdecoxib (Bextra), and cisapride (Propulsid).' Leflunomide remains available in 
the United States, but the other drugs were withdrawn voluntarily from the U.S. 
market following several safety assessments by FDA staff and subsequent 
regulatory actions. A major finding in the GAO report was instances in which 
divisions within FDA’s Center for Drug Evaluation and Research (CDER) made 
conflicting recommendations. As a result, decisions were either not made or were 
made counter to the recommendations of another FDA group without a clear 
process for resolving the disparate views. 


The GAO identified a lack of collaboration and communication between what 
were then the two predominant offices involved in drug safety—the Office of New 
Drugs (OND), which is responsible for drug approval and for initiating regulatory 
actions, and the Office of Drug Safety (ODS), which predominantly focused on 
postmarketing safety. The GAO described the ODS as serving in an advisory 
capacity to the OND, based on its finding that the ODS had no authority to initiate a 
regulatory action. The report identified a lack of documented processes for 
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decision-making, including an absence of criteria to determine the appropriate 
regulatory action when a safety concern is identified. 


Since that time, significant progress has been made to address shortcomings 
identified in the GAO report, including consolidation of safety efforts under the 
Office of Surveillance and Epidemiology, which is charged with identifying drug 
safety concerns and recommending actions to improve product safety and protect 
the public health.*? In 2007, the CDER launched the Document Archiving, 
Reporting, and Regulatory Tracking System (DARRTS) system, which facilitates 
sharing of information about drugs with significant safety concerns across the 
numerous divisions within the agency.~? In 2012, the agency also proposed a 
framework for prioritizing drugs that are tracked in DARRTS. Once identified, 
FDA staff designate the concern as standard, priority, or emergency based on an 
assessment of factors that include the size of the population affected and the 
theoretical frequency of harm. Modulating factors, including the extent and quality 
of evidence indicating a potential harm and the availability of alternative treatments 
are also considered. With this work, the FDA has taken substantial steps to address 
the concerns highlighted in the GAO report that focus on the lack of criteria and 
processes. However, it should be noted that risk assessment and decisions about 
drug safety are not an exact science and require careful balancing of the advantages 
and disadvantages of providing continued availability of a drug, which is based on 
evidence that, by nature, is constantly evolving. 


OFFICE OF THE INSPECTOR GENERAL 


In 2013, the Office of the Inspector General (OIG) for the Department of Health and 
Human Services completed an assessment of the effectiveness of REMS and issued 
seven recommendations to address shortcomings identified in the agency’s 
processes to monitor these programs.°! The study, which reviewed drug 
manufacturers’ submission and subsequent FDA assessment of 49 of the 99 REMS 
that were in place in 2012, found that the FDA determined nearly half of the 
submissions were incomplete. Further, only seven of the submissions that were 
reviewed met all goals established by the FDA, according to the agency’s own 
assessment of submitted reports. A common reason for failing to meet established 
goals was a documented lack of patient or prescriber awareness of potential harm. 
In other instances, the FDA assessment found that information was lacking to 
determine if this goal was met either because surveys were not conducted or due to 
shortcomings in survey design or implementation (e.g., small sample size, patient 
selection not representative of the target population). The OIG recommendations 
included developing plans to assess and validate REMS assessments submitted by 
manufacturers, identify incomplete sponsor submissions and work with sponsors to 
clarify expectations and ensure timely submissions, and take steps to ensure safety 
in instances where REMS are not meeting established goals. The OIG also 
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recommended that the agency seek legislative authority to enforce FDA assessment 
plans. At the time this report was issued, some OIG-recommended improvements 
were already underway as part of the FDA’s REMS Integration Initiative.” This 
initiative, which was introduced in 2011, includes a goal of improving the 
standardization and assessment of REMS. 


FDA 


In addition to the activities described above, the FDA has also assessed existing 
processes and taken numerous steps to enhance drug safety. In late 2007, the FDA’s 
Science Board Subcommittee on Science and Technology published a document 
entitled, FDA Science and Mission at Risk: Report of the Subcommittee on 
Science and Technology.>> The report was requested by then Commissioner 
Andrew von Eschenbach to review the adequacy of the agency’s science and 
technology resources to meet current and future challenges. The report concluded 
that the agency’s resources had diminished, despite an increase in responsibilities 
that resulted from the speed of scientific discoveries, increased and more complex 
products, and the increasingly global nature of the pharmaceutical industry. The 
subcommittee recommended that the existing deficits in scientific research 
programs; recruitment, development, and retention of expert staff; and information 
technology must be corrected to meet these challenges. 


Among the report’s specific recommendations was the need to strengthen and 
coordinate the science program across the FDA’s centers. The need for 
collaboration was identified with external scientific and research programs, 
including the Agency for Healthcare Research and Quality’s Centers for Education 
and Research on Therapeutics, the CDC, the National Institutes of Health, and 
others when the expertise is not available at the FDA. It is anticipated that the 
Reagan—Udall Foundation, an independent not-for-profit organization mandated by 
PDUFA IV, will assist in the development of these and other public—private 
partnerships as part of its charge to assist the FDA in modernizing its activities to 
address the rapid pace of change in the scientific and regulatory environments. 


Other recommendations in the report include broadening staff with the 
statistical and epidemiologic expertise needed to analyze collected data as well as 
staff with expertise in risk assessment and its quantitative measurement. A major 
focus of the report was the need to establish information standards that permit 
sharing and aggregation of information from public and private postmarketing safety 
surveillance databases. The report noted that these standards were critical, 
especially with the establishment of new sciences, including pharmacogenetics, 
nanotechnology, and cell-based products, for which collection of the necessary 
extent and types of data will not be supported by current systems. 


In terms of funding these improvements, the report stated that appropriation 
provided by PDUFA IV supplied only a small portion of what was needed. The 
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Science Board called for a 2009 budget to address the identified shortcomings and 
directed the FDA Commissioner to develop an action plan to implement the 
report’s recommendations. Calls to increase FDA funding are echoed by healthcare 
professionals, research, and consumer sectors through entities such as the Alliance 
for a Stronger FDA.** The Alliance, whose members include former Secretaries of 
the Department of Health and Human Services and Commissioners of the FDA, 
aims to build awareness regarding current deficits in funding and advocate for 
increased federal appropriations to reduce the FDA’s reliance on user fees paid by 
drug manufacturers. 


In 2009, the FDA launched the Safe Use Initiative which functions as a 
partnership with external public and private stakeholders with the stated goal of 
reducing preventable harm from medications.» This collaborative group identifies 
specific areas of focus or cases where there is demonstrated harm, and then works 
with partners to develop and implement interventions to reduce this harm. Since 
launching, initiative projects have addressed many high-impact issues, such as 
safety concerns associated with acetaminophen and opioids, as well as the use of 
atypical antipsychotics in pediatric populations.~° 

Other FDA efforts to enhance drug safety have included improved guidance to 
industry on premarketing risk assessment, development and use of risk- 
minimization action plans, and pharmacovigilance and pharmacoepidemiologic 
assessment.>’°? Consumer awareness and education has also been a major focus, 
including new regulations that require inclusion of MedWatch reporting information 
on drug packaging and patient information leaflets for prescription and 
nonprescription drugs and in direct-to-consumer television advertising. 


IMPROVING DATA COLLECTION AND USE 


At the core of efforts to improve drug safety, there is reliance on the extent and 
quality of information used to inform these decisions. Safety information gained 
from premarketing as well as postmarketing studies is often described as data that 
are unreported, underreported, and unpublished. The International Committee of 
Medical Journal Editors Uniform Requirements for Manuscripts Submitted to 
Biomedical Journals requirement that researchers register human subjects research 
on the website www.clincialtrials.gov as a condition of publication and the 
editor’s obligation to publish negative studies represent the combined efforts of 
regulatory and private entities to address these shortcomings.© 


Other efforts have focused on developing standards for reporting drug-induced 
diseases and other adverse drug events. The Consolidated Standards of Reporting 
Trials (CONSORT), in “Better Reporting of Harms in Randomized Trials: An 
Extension of the CONSORT Statement,’ recommends the use of standardized 
terminology and inclusion of harms information in the publication abstract as 
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mechanisms to assist clinicians, researchers, and patients in the critical appraisal 
of clinical trial results.°* Public and private collaborations to improve active 
surveillance, including data mining in large population-based databases, are 
described in Chapter 4. 


DRUG SAFETY CHALLENGES AND 
OPPORTUNITIES 


As noted in the FDA Science Board report, the rapid rate of new drug development, 
the evolving role of evidence-based medicine, and advancing science and 
technology offer ongoing and new challenges to our nation’s drug safety system. 
Novel first-in-class drugs, nanotechnology, cell-based therapies, large-molecule 
biologics, and biosimilars are among many challenges in assessing and ensuring 
postmarketing drug safety. 


Pharmacogenomics and personalized drug therapy have the potential to improve 
the prediction and prevention of drug-induced disease from the perspective of both 
individual patients and entire populations. One of the earliest known genetic 
variations to result in drug-induced disease is glucose-6-phosphate dehydrogenase 
deficiency, which results in the destruction of red blood cells when a person is 
exposed to certain drugs (e.g., antimalarial agents, aspirin, nonsteroidal anti- 
inflammatory drugs, quinidine, quinine, and sulfonamide antibiotics). More recent 
discoveries include variations in the organic anion transporter SLCO/B1, which 
are associated with an increased risk of statin-induced myopathy. 


Many factors contribute to genetic variation in response to drug therapy. 
Polymorphisms, which can be affected by the interplay of more than one genetic 
variation, may lead to differences in drug disposition, including absorption, 
distribution, and excretion.© These differences can lead to decreased or increased 
pharmacologic effect, with the latter more frequently resulting in toxicity or 
undesired drug effects. Genetic differences in drug transporters also play a role in 
response to drug therapies. Examples of drugs, genetic variables, and the proposed 
associated adverse drug event are described in Table 1-3.%.°7 


Some genetic polymorphisms are more common in certain racial groups; 
therefore, ethnicity has been used to predict drug response in the absence of more 
specific genetic information for an individual patient.°* For example, the relative 
risk of angioedema or cough associated with the use of angiotensin-converting 
enzyme (ACE) inhibitors has been estimated at 3 and 2.7 for blacks and East 
Asians, respectively, as compared with whites. Other studies, including the Gruppo 
Italiano per lo Studio della Sopravvivenza nell’ Infarto Miocardico (GISSI)-1 trial 
found that intracranial hemorrhage or moderate-to-severe bleeding following 
thrombolytic therapy was more common in black patients.”4? Although these and 
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other studies give credence to ethnicity as a determinant of adverse events, 
shortcomings in the data, including inconsistent definitions and reporting of 
ethnicity and adverse events, limit its application to clinical practice. Most drug- 
induced diseases, including ACE-inhibitor—induced cough, have been theorized as 
a complex interaction of ethnic and other factors such as age, sex, and comorbid 
disease.” When considered in total, these predictive factors can be used to 
improve drug safety by guiding drug selection and monitoring. 


Table 1-3 Examples of Drug-Induced Diseases Associated with 






era itan(y Variability®®67 


Adverse Drug Event 
or Drug-Induced 
Drug Genetic Variation Disease 


Abacavir Hypersensitivity reaction 


ACE inhibitors Bradykinin B9 receptor ACE inhibitor-induced cough and 
angioedema 

Carbamazepine HLA-B*1502 allele Stevens—Johnson syndrome, toxic 
epidermal necrolysis 


Cisplatin, carboplatin, and oxaliplatin | Changes in gene expression in the 
dorsal-root ganglia resulting in 
apoptosis (Cdknla, Ckap2, Bid3, 
S100a8, S100a9), inflammation 
(S100a8, S100a9, Cd163, 
Mmp9), and nerve growth and 
regeneration (Mmp9, Gfap) 


Digoxin P glycoprotein 34357T genotype Increased drug accumulation and 
potential for digoxin toxicity 
Mercaptopurine Thiopurine methyltransferase Hematopoietic toxicity 
polymorphism 
Oral contraceptives Variation in prothrombin and factor |Increased risk of DVT or cerebral 
Vv vascular thrombosis 


Trimethoprim—sulfamethoxazole, KCNE2 variants in potassium QT interval prolongation, morbidity, 
clarithromycin, quinidine channels and mortality 


Peripheral neurotoxicity 





ACE = angiotensin-converting enzyme, DVT = deep vein thrombosis, HLA = human leukocyte antigen. 


The inclusion of genetic biomarker information and its clinical application in 
FDA-approved drug labeling is becoming more common. In 2013, the FDA issued 
guidance to assist manufacturers in applying pharmacogenomics in premarket 


clinical studies and in labeling decisions.’! An evaluation of ten drugs previously 
withdrawn from the market determined that the severe adverse effects that led to 


this action could all be attributed to genetic variation.’” The authors concluded that 
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with proper patient selection and monitoring these drugs could have remained on 
the market. Despite the promise of pharmacogenomics, currently there is no 
requirement that pharmaceutical manufacturers complete genetic studies. Further, 
whether these studies are voluntary or required, more research (including practical 
clinical trials) and better systems for collecting and analyzing these data are 
needed. Even with improved data, uncertainties will remain regarding the extent to 
which genetics affects drug response and the interplay of genetics with other 
variables, including concomitant therapies, diet, and other patient variables. At 
present, the clinical significance of genetic variation and genetic testing in drug 
safety and effectiveness are much debated. 


As the regulatory and legal environments evolve, clinicians will continue to 
play a central role in improving drug safety and preventing drug-induced disease. 
The identification and management of adverse effects, participation in spontaneous 
reporting efforts, and provision of patient education that addresses both the risk and 
benefit of therapies are critical and core clinician responsibilities. As illustrated by 
the example of thalidomide, drugs with significant safety concerns can provide 
great health benefits when properly managed. Medication-therapy management and 
other care provided by pharmacists are essential components of the drug safety 
system. 


Note: The authors wish to acknowledge the work of Dr. Nayahmka McGriff-Lee, who authored this chapter in 
a previous edition. 
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CHAPTER 2 


Epidemiology and Public Health 
Impact of Drug-Induced Diseases 


John R. Litaker and James P. Wilson 


Medications are an essential component of modern healthcare. Individuals take 
medications to feel better, overcome illnesses, treat infections, and improve quality 
of life. Currently, there are thousands of drugs and drug products approved by the 
U.S. Food and Drug Administration (FDA) available on the American market.! 
Therapeutic benefits associated with prescription and nonprescription medications 
often imply safety and calculated risks to the general public. However, despite the 
healing benefits of medications, risks remain that can lead to adverse events and 
drug-induced diseases. In the seminal report Preventing Medication Errors in 
2006 the Institute of Medicine acknowledged the seriousness of adverse drug 
events in hospitals by noting that “[medication] errors are common during all steps 
of the medication-use process—[from] procuring the drug, prescribing, dispensing, 


administering, and monitoring the patient’s response.” 


Public assumptions of drug safety may be partially attributable to the FDA’s 
approval and regulatory process. Drugs undergo a rigorous testing and clinical trial 
process prior to approval to ensure safety and efficacy. Yet some people, including 
healthcare practitioners, may assume that FDA approval implies absolute safety, 
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despite the fact that there are risks associated with using any medication. Even the 
FDA recognizes that every approved drug carries some risk and that “for every 
drug [the] FDA approves, the benefits are balanced against [these] risks.” These 
adverse drug events may be mild or severe depending on the particular product, 
expected dose, or patient population, and may subsequently manifest as a drug- 
induced disease. 


Medication errors are one cause of drug-induced diseases. In 2000, the Institute 
of Medicine reported the extent and impact of errors in healthcare in its publication 
To Err Is Human.’ This report noted that medication errors were “one of the most 
common types of error” and that substantial numbers of people were affected.* 
Other sources of drug-induced diseases are related to the pharmacologic 
characteristics of the product itself and do not necessarily involve dispensing or 
dose errors. Pharmacists and physicians should be keenly aware of the known 
potential adverse events associated with each drug, because these events are 
detailed in the product’s safety insert. Even well-known products such as aspirin 
are associated with serious adverse events. Indeed, speculation abounds that 
aspirin would not meet today’s FDA risk-benefit balance because of serious 
adverse events such as gastrointestinal bleeding.> 


This chapter focuses on the epidemiology of drug-induced diseases and the 
impact on both the public’s health and the healthcare system. The cost of drug- 
induced diseases to the healthcare system is also discussed. 


OVERVIEW OF EPIDEMIOLOGY 


Epidemiology has its historical roots dating back to the philosopher Hippocrates, 
who, as early as the 4th century B.C., recognized the relationship between disease 
and environmental, temporal, and geographical factors.°’ In more recent times, 
epidemiology gained considerable attention when John Snow, a physician and 
epidemiologist, used epidemiologic techniques to identify the source of cholera 
epidemics in London in the mid-1850s. He mapped the location of each cholera 
case and noted an association between its geographic location and the company that 
supplied water to that location. Morbidity and mortality were highest among people 
who received water from the Southward Company. Further research determined 
that cholera was spread by contaminated water from this company. 

In A Dictionary of Epidemiology, John Last defines epidemiology as the “study 
of the occurrence of disease or other health-related characteristics in human 
populations,”® while Jekel et al.° define it as “the study of factors that determine the 
occurrence and distribution of disease in a population.” More specific to drug- 
induced diseases is the term pharmacoepidemiology, which is defined as “the 
study of the distribution and determinants of drug-related events in populations and 


the application of this study to efficacious drug treatment.”!° Common to all three 
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definitions is the idea of disease distribution (or diffusion) and disease 
determinants (or causal factors). Indeed, determining why and how diseases spread 
from place to place is the essence of epidemiology. 


Determining the epidemiology of drug-induced diseases and their impact on the 
public’s health requires a sound methodologic system to establish: (1) the 
frequency of drug-induced diseases; (2) nonmedical factors contributing to drug- 
induced diseases; (3) particular medications, doses, and routes of administration 
associated with drug-induced diseases; (4) the temporal and geographic 
distribution of drug-induced diseases; and (5) specific patient characteristics 
associated with drug-induced diseases. Epidemiology and its specific tools are 
extremely useful and important in understanding drug-induced diseases. 
Epidemiology provides a scientific and rigorous approach toward answering 
specific questions and can be used to identify associations, provide strength of 
evidence, and establish causality. A variety of epidemiologic techniques and 
research methods are available, including ecologic studies, cohort studies, cross- 
sectional studies, case-control studies, and randomized, controlled trials. The 
reader is advised to consult an epidemiology textbook for more detailed 
explanations of these and other study methods. 


LEVELS OF EVIDENCE 


Levels of evidence are used to stratify epidemiologic tools according to the 
strength of influence that these studies may contribute to the decision-making 
process. The basis for this strength of influence is the study design itself. For 
example, an experimental-design study will naturally have more influence than a 
nonexperimental-design study. Table 2-1 identifies the three levels of evidence, 
with the associated study type, that are used throughout this book. 


However, the reader is cautioned not to rely on the randomized clinical trial as 
the sole factor in the decision-making process. Each study type has a specific role 
to play in decision-making, but this role is limited to the type of evidence that the 
study can provide. In addition, emerging outcomes (whether it is a disease or an 
adverse drug event) may not readily appear as a problem in its early stages. In such 
instances, case reports may be the only source of evidence that such a problem is 
occurring. A prime example of this is a retrospective review of case reports from 
the mid-1950s of individuals in Africa, North America, Western Europe, and the 
Middle East reportedly dying of what was then called a “wasting disease.”!! At the 
time that the case reports were compiled, blood samples were obtained from the 
dying individuals and stored. Three decades later, researchers tested these blood 
samples and found that these individuals were infected with the human 
immunodeficiency virus. 
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Table 2-1 Levels of Evidence for Drug-Induced Diseases Used in 


This Book 





Level of 

Evidence Source of Evidence 

A One or more randomized, controlled clinical trial 

B Nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case—control studies, meta-analyses, and/or postmarketing 
surveillance studies 

C Evidence from one or more published case reports or case series 


OVERVIEW OF PUBLIC HEALTH 


Public health is concerned with the programs, services, and institutions involved 
with preventing disease, meeting the health needs of the population, and 
emphasizing the proper distribution, allocation, and access to health services for all 
citizens. In England, public health has been defined as “the science and art of 
preventing disease, prolonging life, and promoting health through organized efforts 
of society.”!* Public health officials use epidemiology as a tool to help with risk 
factor analysis, evidence-based policy-setting, and decision analysis. 


In addition to epidemiology, biostatistical analyses are used to help public 
health officials determine the probability and causal relations between drug use and 
an adverse event. Indeed, biostatistics can help determine at the most basic level 
whether an occurrence is due to chance alone or to an association with a drug. For 
example, during the past 10-15 years there has been substantial controversy 
regarding the administration of the measles, mumps, and rubella (MMR) vaccine in 
the United Kingdom and the possible link of the vaccination to autism. Biostatistics 
and epidemiology have been used to determine whether autism is more or less 
likely to occur in vaccinated children as compared with the general population. The 
basic premise is that if autism is more likely to develop in vaccinated children (as 
determined statistically) than in children in the general population, then the 
association should be further explored to determine whether causality exists. That 
is, does the vaccine cause autism? Or is there some unaccounted factor that also 
occurs, but is unrecognized, that causes autism in vaccinated children? 
Epidemiologic investigations have concluded that there is no evidence linking the 


MMR vaccination to autism, thus highlighting the importance of epidemiology. ° 


EPIDEMIOLOGY OF DRUG-INDUCED DISEASES 


Epidemiology is important in the study of drug-induced diseases. Among other 
things, epidemiology as applied to pharmaceuticals can be used to investigate the 
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therapeutic effects, risks, and use of drugs in society. Epidemiology is often used to 
help explain morbidity and mortality questions associated with particular 
medications. In August 2003, epidemiologists from the U.S. Department of Defense 
were asked to determine whether there was a causal relationship between the 
antimalarial drug mefloquine and unexplained domestic killings among recently 
returned soldiers from Afghanistan.!* No causal link between mefloquine and the 
violence was established. 


A key obstacle in identifying the cause of drug-induced diseases is recognizing 
the reaction as a drug-induced disease and distinguishing it from spontaneous (1.e., 
occurring without taking the drug), yet similar, clinical manifestations that are not 
drug-related.!> Another obstacle is determining the numerator (i.e., number of 
patients with a drug-induced disease) and denominator (1.e., population who took 
the drug) necessary to calculate the morbidity or mortality rate associated with a 
particular medication. 


In attempting to determine causality of a potential drug-induced disease by a 
particular agent, it is important to remember that association does not imply 
causation. Simply put, this means that although a reaction may appear to occur in 
tandem with a particular drug, it does not necessarily imply that the drug caused the 
reaction. Indeed, the importance of determining causality was outlined by Professor 
Sir Austin Bradford Hill, from the London School of Hygiene and Tropical 
Medicine, in 1965. In particular, Hill stated: “Our observations reveal an 
association between two variables, perfectly clear-cut and beyond what we would 
care to attribute to the play of chance. What aspects of that association should we 
especially consider before deciding that the most likely interpretation of it is 
causation?” !© Hill suggested that the following aspects should be considered before 
causality can be determined, and these are presented with a specific emphasis on 
drug-induced diseases: 


¢ Strength of association—Is there a strong association between a suspected 
drug-induced disease in people taking the drug versus those not taking the 
drug? If the association is strong (e.g., a relative risk >3), then one would 
be more confident that a causal effect exists. An example is the strength of 
association between pregnant women taking thalidomide and giving birth to 
a disfigured child. Indeed, this association was so strong that thalidomide 
was withdrawn from the German market in November 1961 and was not 
commercially available again until the United States, in July 1998, 
introduced it to treat erythema nodosum leprosum, but with specific 
safeguards to prevent it from being used by pregnant women. !’ 


* Consistency—Does the suspected drug-induced disease occur repeatedly in 
different persons, at different times, and in different places? Indeed, 
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consistency is a hallmark feature that must occur before causality can even 
be suggested. 


Specificity—Is the suspected drug-induced disease specific to that drug? 
For example, individuals who take excessive doses of digitalis for heart 
failure often see “halos.” When they stop taking the drug and the plasma 
digitalis concentrations decrease, the halo effect disappears. Could there be 
other causes for these patients seeing halos or is it likely only due to 
digitalis overdose? 


Temporality—Does the suspected drug-induced disease manifest before or 
after drug exposure? To even consider causality, the person must be 
exposed to the drug before the occurrence of the adverse outcome. If the 
person is not exposed to the drug before the drug-induced disease occurs, 
then causality cannot be considered. 


Biologic gradient—Does the incidence of the suspected drug-induced 
disease increase when higher doses of the drug are taken? For example, can 
we detect increased toxicity with increased doses of a particular drug (e.g., 
acetaminophen and liver toxicity)? 


Plausibility—Is the suspected causation plausible? That is, if a particular 
adverse event occurs after administration of a particular drug, is it 
biologically (pharmacologically and physiologically) plausible that the 
drug caused the event or was it merely coincidental? 


Coherence—Does the suspected causation conflict with or support that 
which is generally known about the disease and its progressive pathology? 


Experiment—ls it possible to manipulate the degree of exposure to prevent 
or enhance the outcome? For example, if a particular drug is suspected of 
causing a rash in a patient, does the rash disappear after discontinuing the 
medication, and does subsequent rechallenge cause the rash to reappear? 
(Note that rechallenge is rarely desirable or ethically appropriate in a 
clinical setting.) 

Analogy—Can the previous experience with a particular medication 
causing a drug-induced disease be used to enhance our ability to detect or 
accept a similar outcome with a different drug under similar circumstances? 
For example, because of the thalidomide debacle of the 1960s, we now 
know that it is within the realm of possibility that a drug taken during 
pregnancy can cause birth defects. !7 


In addition to the Hill criteria, Naranjo et al.'® proposed a method for estimating 
the probability of adverse reactions. This method uses a probability scale to 
determine “causality of [adverse drug reactions] in a variety of clinical 
situations.” !? Although the term causality should be replaced with correlation, the 
proposed method is shown to have high between-rater and within-rater reliability 
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on both initial testing and retesting. Clinicians may wish to use this scale as a tool 
to assess correlation between a medication and an adverse drug event. 


CATEGORIZATION OF DRUG-INDUCED 
ADVERSE EVENTS 


Once association between a drug and an adverse event is determined, it is useful to 


classify the adverse event. Four categories have been suggested to aid in the proper 
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management of any iatrogenic illness*”: 
Conscious risk 

Unexpected complications 
Inept care 
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Overzealous care 


Conscious risk and unexpected complications represent adverse events due to 
“balanced, informed consideration of benefits and risks.”!° In essence, these two 
types of drug-induced adverse events are part of the normal risk—benefit 
consideration inherent when prescribing any drug for any condition to any person. 
That is, there is always the potential for unintended or unpredictable drug effects on 
the body. However, both conscious risk and unexpected complications can be 
mitigated by knowing the risk factors associated with the drug-induced disease, 
assessing patients for these risk factors, providing optimal doses, and identifying 
other therapeutic interventions.!° The latter two categories represent errors of 
omission and errors of commission, respectively, and represent inappropriate 
medication use due to a lack of understanding or education about the drug and its 
impact in the patient for whom it is prescribed. !° 


QUANTIFYING THE IMPACT OF DRUG-INDUCED 
EVENTS 


Determining the quantitative impact of a drug-induced disease to society requires 
the use of a rigorous and fact-based epidemiologic approach. Several methods for 
quantifying the impact have been developed, with the simplest being the attributable 
risk percent measure reported by Cole and MacMahon in 1971.!° This simple 
approach relies on the odds ratio (OR) and is expressed as the following: 


p=(OR-1)/OR 
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where p is the probability that the symptom 1s the result of taking the drug, and OR 
is the ratio of the odds of exposure among the cases to the odds of exposure among 
the controls and is usually accompanied by a 95% confidence interval (CI) to aid in 
the interpretation of statistical significance. 


An example is to determine the quantitative impact of a drug-induced disease of 
two alternative therapies for the same condition. In 2004, the safety and tolerability 
of two aerosolized antifungal prophylaxis medications in lung transplant recipients 
were assessed. Subjects receiving amphotericin B deoxycholate were more likely 
to have experienced an adverse event than subjects receiving amphotericin B lipid 
complex (OR 2.16, 95% CI 1.10-4.24, p = 0.02).7° Using the equation above, the 
quantitative impact of adverse events due to amphotericin B deoxycholate is the 
following: 


p = (2.16 —1)/2.16 = 53.7% 


However, additional criteria (e.g. Hiull’s causality criteria) must also be 
considered before making a definitive judgment regarding causality. 


TRENDS IN REPORTING DRUG-INDUCED 
EVENTS 


The FDA manages the Adverse Event Reporting System (AERS) database, which is 
a repository of adverse event and medication error reports submitted to the FDA 
and “serves as a postmarketing safety surveillance program for drug and 
therapeutic biologic products.””! Although data and results emanating from AERS 
should be interpreted with some caution due to limitations inherent in a self- 
reporting system, the AERS database provides useful information on trends related 
to the impact of adverse drug events generally and on trends related to new drugs or 
new drug classes specifically. The nonprofit Institute for Safe Medication Practices 
monitors and reports on data collected by AERS. 

In 2015, the most recent year in which complete data are available, the FDA, 
through AERS, collected just over 1.16 million reports of adverse drug events.” 
This represents a 32.9% increase from the preceding year. Although the overall 
increase in number of reports from 2014 to 2015 is substantial, much of this 
variance can be ascribed to information technology improvements related to how 
information is reported and regulatory changes that reclassified lower-priority 
reports into the AERS system. As such, the number of nonserious events 
increased by 73.2% from 2014 (n = 328,929) to 2015 (n = 569,760) while the 
number of serious events increased by 9.9% from 2014 (n = 298,979) to 2015 (n = 
328,524). 
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For the domestic serious event category some interesting trends were identified 
in 2015 data. These include an overall increase in serious adverse drug event 
reports, a high number of reports for a new class of oral diabetes drugs (the 
sodium-glucose cotransporter-2 [SGLT2] inhibitors), and the ability to identify 
drug-associated risks in the post marketing phase of the drug development 
process.*” For example, approximately 20% of adults 65 years of age and older are 
now taking medication to lower their blood glucose concentrations. In the fourth 
quarter of 2015, over 2 million prescriptions were written for the SGLI2 
inhibitors, which promote excretion, rather than reabsorption, of blood glucose and 
sodium—a nearly sixfold increase from the first quarter of 2014.7 


The increase in number of prescriptions for a new class of drugs is not in and of 
itself problematic. Rather the issue is the ability to extrapolate medication safety 
data to the public at large based on clinical trial data, which are collected from 
limited and controlled populations. As such, phase IV studies offer postmarketing 
surveillance to assess “the real world effectiveness of a drug as evaluated in an 
observational, non-interventional trial in a naturalistic setting which complements 
the efficacy data that emanates from a pre-marketing randomized controlled trial.” 
In the case of SGLT2 inhibitors, time will ultimately provide evidence on the risk- 
benefit analysis. However, from current data, there is “evidence [that] multiple 
safety problems has emerged.””* From an epidemiology and public health 
perspective, there is a need to monitor the real impact of new medications in the 
population. Using the AERS database can support this effort. 


PUBLIC HEALTH IMPACT OF DRUG-INDUCED 
DISEASES 


Drug-induced diseases exert a considerable impact on society. They are costly, 
result in considerable morbidity, and may result in death. Some adverse drug 
effects are not clinically significant, yet “most [would] agree that any condition that 
results in hospitalization is significant.”?* In this book, a drug-induced disease is 
defined as an unintended effect of a drug that may result in mortality or morbidity or 
cause symptoms sufficient to prompt a patient to seek medical attention and/or 
require hospitalization. Costs associated with drug-induced diseases have 
considerable implications for public health policy and planning. For example, costs 
associated with drug-induced diseases not only divert healthcare resources but also 
have measurable (e.g., hospitalization) and societal (e.g., lost time from work) 
costs. From a clinical standpoint, prevention of drug-induced diseases is preferable 
to treatment after the fact. Fortunately, many drug-induced diseases are preventable. 
This section explores issues related to the public health implication of drug- 
induced diseases. 


84 


DETERMINING THE INCIDENCE OF DRUG- 
INDUCED DISEASE 


Determining the incidence of drug-induced diseases can be a daunting task, chiefly 
because it is difficult to determine the associated numerator and denominator. The 
numerator is defined as the number of new drug-induced disease events occurring 
during a defined period, while the denominator is defined as the population at risk 
for the drug-induced disease during the same period. In the general population, the 
denominator is the number of people exposed to a particular medication and may be 
identified by using computerized prescription data or medical records. In reality, 
however, numerous obstacles exist in determining the denominator, because it is 
difficult to identify the population of interest and to determine how many people in 
this population have been exposed to the drug. Determining the numerator is also 
difficult because there is no systematic method of assessing the occurrence of drug- 
induced diseases in individuals unless the occurrence is serious enough to warrant 
further medical attention.** 


Data from hospital admission studies can be used as an appropriate measure of 
drug-induced disease incidence because (1) medical record data can be used to 
determine potential association, and perhaps causation, between a particular drug 
and disease; and (2) drug-induced events precipitating hospitalization are deemed 
serious enough to be clinically significant and thus would seem to represent a 
higher burden to society. Indeed, Nelson and Talbert note that “the rate of drug- 
related admissions is a measure of a subset of the clinically significant related 
morbidity. Determining this rate could identify some of the cases of drug-related 
morbidity.”7+ 


Another obstacle in determining the incidence of drug-induced diseases is that, 
in many cases, medications are not recognized as the cause of the symptom or 
disease. Therefore, a particular drug may not be recorded or reported as a potential 
cause. Clinicians may be slow in recognizing a drug-induced disease because not 
all adverse events are reported in the literature or necessarily known to the FDA at 
the time of approval. For rare events (e.g., a drug-induced disease occurring in | of 
every 10,000 people), the likelihood of detection before approval and widespread 
use is low because the clinical trial process, although rigorous, is not designed to 
identify all drug-related adverse events. It is often only after a drug reaches the 
market and is used by a much larger patient population that rare events are 
identified. Therefore, the importance of postmarketing surveillance activities and 
signal-detection activities cannot be overstated. 


DRUG-RELATED HOSPITAL ADMISSIONS 


As noted earlier, drug-induced hospital admissions are a sign of serious clinical 
events. Sometimes these admissions are avoidable, and other times they are not. 
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For example, a patient with a known allergy to penicillin who is subsequently 
prescribed this drug and develops anaphylactic shock represents a case of an 
avoidable hospital admission. On the other hand, a patient may receive a 
medication that causes a drug—drug, drug—food, or drug—laboratory interaction with 
subsequent hospitalization that is unavoidable because these interactions were 
previously undescribed, were previously unknown, or were idiosyncratic in nature. 


In a 1993 review, the incidence of drug-related hospital admissions was 
reported to range from 0.2% to 21.7%, with a median rate of drug-related 
hospitalizations of 4.9%.7° The author defined drug-related hospitalizations as 
adverse events that could cause a side effect, excessive effect, idiosyncratic effect, 
or hypersensitivity. All of the reviewed studies were conducted in large hospitals, 
with most located in urban areas. Sample sizes (or total admission numbers) ranged 
from 41 to 11,891, with a total patient population size of 69,187. Only nine of these 
studies reported incidence rates above 7%, representing just 6.3% of the patient 
population assessed (4,420/69,187). The highest reported incidence of 21.7% 
occurred in a teaching hospital with oncology patients as the predominant 
population. The primary implicated medications for drug-related admissions in this 
group were theophylline, cancer chemotherapy agents, and _ trimethoprim— 
sulfamethoxazole. In another review, covering the period from 1959 through 1992, 
0.3-16.8% (median 5.6%) of all hospital admissions were drug-related. !° 


Determining the rate of drug-induced hospital admissions is dependent on the 
study population, the ability to extract sufficient medical information, and the study 
method. Most studies of drug-related admissions rely on a medical record review 
by a clinical pharmacist. Such a review typically defines a drug-induced admission 
and establishes criteria for objectively determining whether an admission meets 
that definition. The definition of drug-related admission can include an adverse 
drug reaction, dose-related therapeutic failures, improperly treated conditions, and 
drug interactions. Among studies assessing drug-related admissions, wide-ranging 
results are possible due to variation in prescribing patterns, differences in patient 
populations, and differences in defining drug-induced illness. 


The true extent of drug-related hospital admissions remains a mystery, because 
it is not possible to make a collective determination of the overall prevalence 
based on a collection of disparate studies. As Manasse pointed out, although 
published reports provided useful information about drug misadventuring, these 
reports were extremely limited “in establishing a national mortality, morbidity, or 
incidence rate.”*° However, these studies can provide some information about 
drug-related hospital admissions. For example, reports can inform us about the 
types of drugs and drug classes frequently implicated in drug-related hospital 
admissions and potential causes of drug-related problems (e.g. drug—drug 
interaction, nonadherence, etc.). As an example, in a study published in 2011, 
researchers in the Netherlands identified the most common reasons for a potentially 
preventable drug-induced hospital admission as gastrointestinal problems (15%), 
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cardiovascular symptoms (11%), respiratory symptoms (8%), and issues with 
glycemic control (6%).7’ Reports also can inform us regarding the reason for a 
medication error. For example, a 2013 report noted drug errors were caused by 
errors in ordering and prescribing (53%), receiving or administration (13%), 
monitoring or follow-up (13%), implementing or dispensing (10%), documentation 
(7%), and others (4%).78 


Many studies have identified drug types and drug classes frequently implicated 
in drug-induced hospital admissions. Although the results of these studies vary in 
terms of drug classes implicated and the number of adverse events associated with 
each drug class, some general trends are noted. For example, cardiovascular drugs 
are often implicated in drug-induced hospital admissions. Chiefly among this group 
are digitalis, diuretics, and angiotensin-converting enzyme inhibitors. See Table 2- 
2 for a list of drug classes commonly associated with drug-induced hospital 
admissions. 


Table 2-2 Drug Classes Commonly Associated with Drug- 





Related Hospital Admissions 


¢ Antidiabetics/hypoglycemics 

* Cardiovascular drugs (e.g., ACE inhibitors, diuretics, digoxin) 
* Psychotropics 

* Gastrointestinal drugs 

* NSAIDs 

* Anticonvulsants 

* Antineoplastics 

* Corticosteroids 

* Antibiotics 


ACE = angiotensin-converting enzyme, NSAID = nonsteroidal anti-inflammatory drug. 


COSTS 


Costs associated with drug-induced diseases can be quite substantial. 
Unfortunately, most approaches used to assess the economic impact of a drug- 
induced disease have methodological limitations that require numerous 
assumptions, make it difficult to quantify the number and types of medication errors 
that occur, are often focused on a particular setting, and may lack accurate cost 
information with which to conduct economic analyses. Additional issues include 
determining causality and difficulty in properly identifying the numerator and 
denominator. 


Nevertheless, the literature is replete with studies seeking to address the cost 
burden of drug-induced diseases. A review of the literature from 2010 forward 
indicates varying assessment methodologies are used with wide ranges in costs 
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purported to be associated with drug-induced diseases. For example, a study in 
2011 from The Netherlands reported an average cost for a preventable drug- 
induced medication-related hospitalization of €5,4617’ while a study in 2015 from 
Germany reported an average cost for a preventable drug-induced related 
hospitalization of €2,743.° 


As with the two studies noted above, findings from articles reporting on the 
cost burden of drug-induced diseases since the late 1990s are based on a wide 
range of methodologies, assumptions, and sources of information—all of which are 
associated with limitations. Samp et al. point out the following: 


Currently published studies on cost of medication errors have many additional 
limitations. Because of the difficulty in quantifying all types of medication 
errors, most studies focused on a specific healthcare setting. In addition, many 
studies examined only errors that were documented in patients’ medical records 
or those errors that resulted in patient harm. Although this information may be 
more easily available, this type of limited analysis leads to a gross 
underestimation of the true rate of medication errors and a _ potential 
overestimate of medication error costs.°” 


For example, researchers reported on the monetary costs associated with 
hospitalization due to drug-induced diseases in Australia over an 8-year period 
from 1988 to 1996.7! In this study, investigators simply calculated a mean average 
cost based on average length of stay and average daily cost of hospital care. The 
report did not include costs of outpatient visits, return visits to a physician’s office, 
pharmacy costs, or additional treatment costs. Table 2-3 describes items. that 
should be included in a comprehensive health economic assessment. 


Table 2-3 Costs to Consider When Conducting a Health 





Economic Evaluation 


Direct medical costs 


* Hospitalization 

* Outpatient service (including ancillary services) 

* Pharmacy costs 

¢ Diagnostic procedures and tests (e.g., laboratory tests, electrocardiography, chest radiography) 
Surgery 

¢ Extended nursing or home health costs 

* Follow-up care (e.g., return visits to the hospital or primary care physician and additional ancillary services 
such as radiology or laboratory testing) 


Direct nonmedical costs 


¢ Transportation to and from the medical provider 
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* Services (e.g., Meals on Wheels and social assistance) 
¢ Adopting devices and instruments 


Indirect costs 


* Sick leave 

* Reduced productivity 
* Early retirement 

¢ Premature death 


In 1995, researchers at the Center for Pharmaceutical Economics at the 
University of Arizona developed a comprehensive cost-of-illness approach 
associated with drug-related morbidity and mortality based on a probability 
pathway model.*? In this model, costs were determined based on specific outcomes 
associated with treatment. When a patient receives drug therapy, four possible 
outcomes are possible: (1) optimal therapeutic outcome, in which the patient 
recovers from the illness; (2) treatment failure; (3) a new medical problem; and (4) 
a combination of treatment failure and a new medical problem. Therefore, this 
model went beyond addressing drug-induced diseases, and included drug-related 
events including treatment failures. It stands to reason that attaining an optimal 
therapeutic outcome is the desired end result. For patients who do not reach this 
outcome, additional scenarios are possible: no further treatment, an additional 
physician visit, additional treatment, an emergency department visit, 
hospitalization, long-term care admission, or death. 

Based on this cost-of-illness model, total estimated morbidity and mortality 
costs for drug-related diseases were $76.6 billion in 1995.°? A follow-up study in 
2001, using the same cost-of-illness model, reported annual drug-related morbidity 
and mortality costs (in year 2000 dollars) of $177.4 billion.*? By comparison, the 
cost of cardiovascular diseases and stroke were estimated to be $316.6 billion in 
2011-2012, and the cost for all cancers during this period was estimated at $88.7 
billion.*# 


When these figures are analyzed by cost center, hospitalization was the single 
highest cost driver for drug-related morbidity and mortality, with 1995 
expenditures of $47.4 billion and 2000 expenditures of $121.5 billion. In 1995, for 
example, hospital admissions represented 62% of the total cost. In the 2001 study, 
hospital admissions accounted for 69% of the total costs. This increase is most 
likely due to higher costs associated with hospitalizations or medical inflation 
rather than an increased incidence of drug-related diseases. Costs associated with 
new medical problems due to a previously prescribed drug therapy are also 
expensive. Hospitalization costs associated with a new medical problem were 
estimated to be $5,504 in 1995°? and $12,797 in 2000.°? 


However, it should be noted that the expenditures presented in this model are 
estimates. Indeed, hospitalization expenses from the 1995 study assume that 28.2% 
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of all hospitalizations are due to drug-related morbidity and mortality.** This figure 
is high and is at odds with reported estimates of drug-related hospital admissions 
cited earlier in this chapter.!>3! As previously discussed, Einarson”> reported an 
overall incidence of drug-related hospital admissions ranging from 0.2% to 21.7%, 
with a median value of 4.9%. Hallis!> reported an incidence of drug-related 
hospital admissions ranging from 0.3% to 16.8%, with a median value of 5.8%. 
Johnson and Bootman** acknowledge this discrepancy by noting that estimates 
(such as by Einarson”>) focused on hospital admissions due to nonadherence or 
adverse drug reactions. Johnson and Bootman further note that estimates in their 
model included “negative therapeutic outcomes owing to all types of drug-related 
problems” and, as such, the estimated numbers of hospital admissions “would be 
expected to be greater.”** Despite this explanation, these numbers appear to be high 
compared with empirical evidence and should be judged cautiously in this light. 
From a clinical perspective, the rate of drug-related hospitalizations may be more 
appropriately in line with the median estimates of 4.9% and 5.6% reported by 
Einarson® and Hallis,!> respectively, because their studies represent wide reviews 
of the published literature on the subject. 


In an attempt to provide a more rigorous and comprehensive approach to 
estimating the cost burden of drug-induced diseases, Samp et al. reported in 2014 
on costs associated with medication errors by using a decision-tree model.°*? Such a 
model allowed for all logical outcomes to be identified along with the unit cost for 
each outcome. This approach provided a more robust data collection paradigm that 
could tie a specific medication error end point to the cost of the error and the 
number of times the error occurred. Components of the Samp et al. decision tree are 
summarized in Table 2-4.°° 


Table 2-4 Key Components of a Decision Tree Model Used to 
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¢ Is there a medication error? 
o Does this error reach the patient (yes or no)? 
¢ Ifthe error reaches the patient, is the patient harmed (yes or no)? 
o Is the harm permanent or temporary? 
¢ Ifthe patient has permanent harm is this in the form of death, hospitalization, or no hospitalization? 
* Ifthe patient has temporary harm does the patient require hospitalization, no hospitalization, or prolonged 
hospitalization? 
* Is life-sustaining intervention required? 
¢ Ifthe error does not reach the patient, is communication needed with the patient regarding the error or can 
be it be remedied without communication? 
o Is the medication regimen changed (yes or no)? 
o Is medication monitoring required (yes or no)? 
o Is treatment referral required (yes or no)? 
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Results from Samp et al.°° indicated a total of 779 medication errors were 


observed over a 14-day period with 57.9% (n = 451)* of the errors reaching the 
patient and 9.3% (n = 42)* of those errors leading to patient harm. The remaining 
90.3% (n = 409)* of errors that reached the patient did not lead to patient harm. For 
those errors that caused harm, 2.5% (n = 1) resulted in permanent harm (in this case 
death) while 97.5% (n = 41)* resulted in temporary harm. 

From an economic perspective, medication errors were deemed to cost on 
average $88.57.°9 For those medication errors that did not reach the patient the 
average cost was estimated to be $6.92, while those medication errors that reached 
the patient the average cost was estimated to be $147.96.°° Medication errors that 
did not cause harm were estimated to cost $11.85 while those medication errors 
that caused harm to the patient were estimated to cost $1,473.40.*° The authors 
noted that these values are considerably lower than those in other reported cost 
estimates, likely because previous studies base cost estimates solely on medication 
errors resulting in harm, whereas the inclusion of minor medication errors that did 
not reach the patient or errors that did not cause harm (both of which represent the 
largest variance of medication errors in this study) were included in the Samp 
analysis. 


Data from published studies indicate a wide margin in terms of the cost burden 
associated with a drug-induced disease. From a practical perspective, each study 
adds to the literature and to the discussion of both health outcomes and the 
economic cost of medication errors. Such information also provides an opportunity 
for patients, clinicians, and healthcare settings to focus on quality and to develop 
processes that can reduce medication errors (such as fully implementing meaningful 
use capabilities for electronic medical records).*° Caution, however, is in order 
when reviewing such findings. That is, it is important for the reader to approach 
these studies with an appreciation of the limitations, assumptions, and 
methodological issues inherent in the study design. 


MORTALITY 


Mortality due to drug-induced diseases is a major concern for pharmacists, 
physicians, and other healthcare providers. Mortality associated with drug-induced 
diseases presents an emotional and economic burden to society, especially in cases 
for which the cause is preventable. The mean death rate due to adverse drug 
reactions was reported to be 5% of all hospitalized patients admitted for a drug- 
related problem.”° This is over 16 times higher than the mortality rate of 0.3% for 
all other hospital admissions.”° In addition, the cost of hospitalization with resultant 
mortality is one of the most expensive single pathways identified by Johnson and 
Bootman as a treatment outcome.*” In 1995, for example, drug-related mortality due 
to a new medical problem was associated with a total pathway cost of $5,504.°2 In 
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2001, drug-related mortality due to a new medical problem that resulted in death 
was associated with a total pathway cost of $12,797.° 


Finally, it should be noted that although there are morbidity, mortality, and 
economic costs associated with drug-induced diseases, there are also significant 
opportunity costs to public health when medications known to be safe and effective 
are not used. For example, childhood vaccination rates have declined in some 
cities throughout the United States because of fears of autism. As such, there has 
been an increase in the incidence of mumps and measles in some communities. This 
increase in preventable illnesses not only impacts the individual, but also exerts a 
concomitant effect on the community population, as herd immunity is reduced and 
individuals not previously susceptible to the illness may become susceptible. 


CONCLUSION 


Drug-induced diseases are a continuing concern for patients and healthcare 
practitioners alike. All drugs have the potential to precipitate an adverse event, 
which, in its most serious form, can lead to a drug-induced disease. Clinical trials 
and regulatory approval processes are often very good at identifying the most 
common types of adverse events and the patients in whom they are likely to occur. 
However, not all drug-induced diseases can be identified a priori, no matter how 
carefully medications are prescribed or regulated. The interplay of drugs with 
complex physiologic factors renders drug-induced diseases a consideration as part 
of the risk-benefit profile associated with the administration of any medication. 

Epidemiology is useful in assisting clinicians in identifying potential 
associative or causal influences on diseases induced by a specific drug. At the 
population level, the examples outlined in this chapter demonstrate the potential for 
epidemiology to not only identify causal inferences (e.g., thalidomide and birth 
defects), but to also rule out inappropriate causal inferences (e.g., MMR vaccine 
and autism). At the patient level, causal inferences may be due to the complexity of 
the patient’s condition, physiologic responses, and the specific pharmacodynamic 
interplay associated with a specific medication. The ability to use tools related to 
association and causation as described by Hill!® and Naranjo et al.'* can be useful 
in identifying potential causal interactions at the patient level. 


*Samp et al. did not provide individual numbers. Therefore, 1 is calculated (with appropriate rounding) for each 
individual subpopulation based on the total number of medication errors (n = 779) and percentages provided by 


Samp et al.39 
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CHAPTER 3 


Factors Contributing to Drug-Induced 
Diseases 


Tyler Shugg, Abdullah Assiri*, and Brian R. Overholser 


Patients can be predisposed to drug-induced diseases by several modifiable and 
nonmodifiable factors. Nonmodifiable factors include a patient’s age, sex, race, 
pregnancy status, genetics, and comorbid diseases. These factors should be 
considered when assessing the risk of a drug-induced disease prior to drug 
administration. Additionally, efforts should be made to minimize or eliminate 
modifiable risk factors for drug-induced diseases, including cigarette smoking, 
alcohol and illicit drug use, drug—drug interactions (DDIs), food—drug interactions, 
medication adherence, and medication errors. This chapter outlines the most 
important factors that are known to contribute to drug-induced diseases and 
provides examples of their clinical consequences. 


DEMOGRAPHIC FACTORS 
AGE 
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Advancing age is associated with progressive changes in pharmacokinetic 
parameters, such as reductions in renal and hepatic clearance and an increased 
volume of distribution of lipophilic medications.! Advancing age can also impact 
pharmacodynamic responses, such as an exaggerated sensitivity to drugs that affect 
the central nervous system.!* These physiological changes are associated with a 
greater risk of drug-induced diseases in elderly patients, prompting the 
development of special guidance, such as the Beers Criteria from the American 
Geriatrics Society, to appropriately direct medication therapy in this at-risk 
population.>*+ 


SEX 


Based on data from the U.S. Food and Drug Administration’s (FDA’s) Adverse 
Event Reporting System, women experience an increased number of adverse drug 
events, which tend to be more severe than those reported in men.° Although the 
reasons underlying the greater predisposition for adverse drug events in women 
remain unclear, potential factors include sex-associated differences in prescribing 
practices, sex-associated differences in pharmacokinetic parameters and 
pharmacodynamic responses, and the impact of sex hormones on increasing the risk 
of drug-induced disease.©® As an example, women exhibit a greater risk of the 
drug-induced arrhythmia torsades de pointes when receiving medications that 
prolong cardiac repolarization. Torsades de pointes is associated with prolonged 
QT intervals on the surface electrocardiogram (ECG). The increased risk of this 
arrhythmia may be mediated by sex hormones, particularly the estrogen to 
testosterone ratio, which may explain the longer baseline QT intervals in women 
compared with those in men.’ 


RACE 


As technological advances have dramatically improved the understanding of the 
human genome, pharmacogenetic research has identified genetic factors that 
influence drug disposition and response. Race, the classification of individuals 
based on their geographic region of ancestry, is frequently, though somewhat 
controversially, utilized as an effective marker to predict genotype.’ Such analyses 
have identified genetic factors that predispose to drug-induced disease that are 
more prevalent in specific racial populations.'° For example, individuals of Han 
Chinese racial origin have an increased prevalence of the human leukocyte antigen 
(HLA) variant allele, HLA-B*/502 (rs3909184G>C and rs2844682G>A), a strong 
predictor for the development of severe skin reactions, including Stevens—Johnson 
syndrome (SJS) and toxic epidermal necrolysis (TEN), associated with 
administration of carbamazepine.!!-!> Therefore, the probability of carrying certain 
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HLA variant alleles can be predicted based on a patient’s race. Additionally, there 
are well-known examples of the impact of race on the risk of drug-induced diseases 
for which the genetic basis has not been elucidated. For example, the mechanism 
for the increased risk of angioedema upon administration of angiotensin-converting 
enzyme (ACE) inhibitors in patients of African origin is not well understood but is 


largely recognized. 12,14,15 


PREGNANCY 


Maternity status greatly impacts the risk of drug-induced disease, particularly in the 
developing fetus. Exposure to teratogenic drugs during the first trimester can 
significantly impair organ development, while exposure in later trimesters can have 
detrimental effects on newborn growth, cognition, and organ function.!® 
Accordingly, the FDA requires evaluation of the teratogenic potential of 
medications during drug development and has released guidance to direct 
medication use during pregnancy. !’ 


Pregnancy is also responsible for physiologic changes that alter maternal 
pharmacokinetics. Pregnancy is commonly associated with decreases in the rate 
and extent of drug absorption, increases in the volumes of distribution of several 
medications, increases in the clearance of renally eliminated drugs, and increases 
in the activity of drug-metabolizing enzymes, such as cytochrome P450 (CYP) 
3A4.!8!9 Although these pharmacokinetic changes greatly impact drug exposure, 
maternity-associated changes most often result in reduced drug action and do not 
typically predispose mothers to an increased risk of drug-induced disease. !® 


LIFESTYLE FACTORS 
CIGARETTE SMOKING 


Cigarette smoking is a risk factor contributing to drug-induced disease by altering 
pharmacokinetic parameters and pharmacodynamic response.”? Cigarette smoke 
contains thousands of compounds, many of which are known to contribute to 
several types of cancer. Polycyclic aromatic hydrocarbons are among the most 
studied for their mutagenic effect as well as their potent induction of hepatic CYPs 
1Al, 1A2, 2B6, and possibly 2E1.2°?! Several important widely used drugs, 
including acetaminophen, diazepam, duloxetine, olanzapine, ondansetron, 
clozapine, and methadone, are CYP1A2 substrates. Smokers generally require 
higher doses of these drugs compared to nonsmokers. Thus, abrupt smoking 
cessation can markedly affect the pharmacokinetics of drugs that are CYP1A2 
substrates, leading to potentially serious complications. 
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Cigarette smoking can also impact the pharmacodynamics of drugs, including 
diazepam, f-adrenergic receptor blockers (B-blockers), hormonal contraceptives, 
and opioids.?”? For example, the risk of adverse cardiovascular events in female 
smokers greatly increases with the use of oral contraceptives and is even greater in 
older compared to younger women.”* Thus, the use of oral contraceptives by 
women over the age of 35 years who are heavy smokers is contraindicated due to 
the heightened potential for drug-induced disease. 


ALCOHOL CONSUMPTION 


Many drugs can interact with alcohol resulting in serious diseases or even death.*4 
Alcohol is primarily metabolized in the liver by alcohol dehydrogenase in addition 
to CYP enzymes including 2E1, 1A2, and 3A4. Alcohol dehydrogenase converts 
alcohol to a highly reactive and toxic compound, acetaldehyde, which is 
metabolized rapidly to form acetate and nicotinamide adenine dinucleotide. 
Acetaldehyde forms protein adducts by binding to enzymes or microtubules, 
contributing to tissue damage and liver enlargement.***> Therefore, the hepatic 
metabolism of many drugs may be affected, leading to reductions in efficacy or 
increased risk of toxicity. Ethanol is also a CYP2E1 substrate that induces its own 
metabolism. Thus, ethanol is metabolized by CYP2E]1 to a greater extent in chronic 
alcohol users.2* More importantly, the administration of the CYP2E1 substrate 
acetaminophen in chronic consumers of alcohol increases formation of the toxic 
metabolite N-acetyl-p-benzoquinone imine (NAPQI), which enhances the risk of 
hepatotoxicity.?°7/ 


ABUSE SUBSTANCES 


Cannabis is one of the most commonly used recreational drugs in the world. 
Cannabis consists of more than 80 cannabinoids that contribute to its effects.7? One 
of these constituents is delta-9-tetrahydrocannabinol, which is used clinically to 
prevent chemotherapy-related nausea and vomiting and to improve appetite in 
patients with human immunodeficiency virus (HIV)/acquired immunodeficiency 
syndrome (AIDS).7??° Cannabinoids are highly protein bound, and there is some 
evidence that they may interact with other highly protein-bound drugs, including 
warfarin and phenytoin.*!*? Cannabinoids are also metabolized by CYP2C9 and 
CYP3A4 and induce CYP1A2 when smoked, similar to cigarettes. Concurrent use 
of cannabis and CYP1A2 substrates—such as clozapine, olanzapine, haloperidol, 
and tamoxifen—may necessitate higher doses of these drugs to ensure efficacy.** 
Additionally, patients who are receiving these drugs are at high risk of overdose 
upon cessation of cannabis because they are likely to be maintained on a higher 
dose during concomitant cannabis use. 
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Other widely used illicit drugs include amphetamines and cocaine. Cocaine and 
amphetamines block the reuptake of monoamines (e.g., dopamine) and inhibit their 
metabolism. This results in an increased risk of cardiovascular events, 
hypertensive crisis, and central nervous system adverse events. The risk of these 
adverse events is enhanced when cocaine or amphetamines are used concurrently 
with antidepressant drugs, such as selective serotonin reuptake inhibitors and 
tricyclic antidepressants.**+°> In addition, amphetamines are metabolized by and 
inhibit CYP2D6. Concomitant use of drugs that are metabolized by CYP2D6 and 


amphetamines increases the risk of these drug-induced diseases.**> 


COMORBID DISEASES 


Comorbid diseases can alter the pharmacokinetics and pharmacodynamics of many 
drugs and constitute a major cause of drug-induced diseases.*° Liver and kidney 
diseases are among the most common disorders that contribute to drug-induced 
diseases due to decreased drug elimination. 


KIDNEY DISEASES 


In general, hydrophilic drugs are primarily excreted unchanged through the 
kidneys.*° The elimination of these drugs is decreased in patients with kidney 
diseases due to diminished glomerular filtration and/or tubular secretion. 
Therefore, patients with kidney disease may be at a higher risk of drug-induced 
diseases compared to patients with normal kidney function.*”°° There are several 
examples of renally eliminated drugs that increase the risk for adverse events, 
including some f-blockers, nonpotassium-sparing diuretics, insulin, ACE 
inhibitors, aspirin, warfarin, and clopidogrel.*® 

Kidney diseases may also affect nonrenally excreted drugs by altering 
absorption, distribution, and clearance. Changes in pharmacokinetics in patients 
with kidney diseases have been demonstrated for more than 50% of nonrenally 
excreted drugs approved between 2003 and 2007.°* The impact of kidney diseases 
on drug absorption may be a result of gastric pH change, which can alter the 
bioavailability of certain drugs. Protease inhibitors, immunosuppressants, and 
erythromycin are examples of drugs with increased bioavailability in patients with 
chronic kidney diseases.*°°?” Proteinuria associated with kidney diseases reduces 
serum albumin concentrations, which may alter the unbound fractions of highly 
protein-bound drugs, potentially leading to increased drug effect and toxicity.*! 
Hepatic metabolism may also be affected by the marked increase in serum 
parathyroid hormone concentration that occurs in patients with chronic kidney 
disease, altering the expression of enzymes involved in phase I and phase II 
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metabolism. Examples of hepatically metabolized drugs for which metabolism is 
impaired due to kidney disease include midazolam, morphine, and zidovudine.*° 


LIVER DISEASES 


The liver is the major organ responsible for drug metabolism. Thus, hepatotoxicity, 
and in particular liver cirrhosis, can have a substantial impact on drug metabolism 
and clearance. The extent of impaired drug metabolism is dependent on the severity 
of injury or disease. Hepatic dysfunction can lead to alterations in absorption, 
extraction, enterohepatic circulation, and plasma protein binding of hepatically 
metabolized drugs. There are numerous examples of hepatically metabolized drugs 
that are associated with an increased risk of drug-induced disease during liver 
disease, including midazolam, propranolol, morphine, metoprolol, warfarin, and 
naproxen, among others.4?-> 


OTHER DISEASES 


Patients with heart failure, thyroid disease, and electrolyte imbalances are at higher 
risk of drug-induced diseases due to alterations in the pharmacokinetics or 
pharmacodynamics of certain drugs. Patients with heart failure with reduced 
ejection fraction (HFrEF) have decreased cardiac output that results in diminished 
hepatic blood flow. There is some evidence that a low cardiac output due to HFrEF 
may result in decreased metabolism of high extraction ratio drugs such as 
lidocaine.*© Renal clearance and hepatic blood flow may also be diminished in 
patients with hypothyroidism. Digoxin and other drugs have been found to provoke 
exaggerated responses when usual doses are administered to patients with 
hypothyroidism.*’48 Additionally, in patients with low serum potassium or 
magnesium concentrations, there is less competition for digoxin with the Na‘/K* 
ATPase pump, resulting in a higher risk of digoxin-induced arrhythmias.” 


GENETIC VARIATION 
BACKGROUND AND NOMENCLATURE 


The overall understanding of the contribution of genetics to drug response has 
increased in the past decade. Pharmacogenomic studies, including gene candidate 
and genome-wide scanning approaches, have identified gene variants that increase 
the risk for drug-related adverse events.°? The identification of these genetic 
variants has increased the ability of clinicians to predict drug responses and 
adverse events that were previously categorized as idiosyncratic adverse drug 
reactions.>! 
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Variability of drug response due to pharmacogenomic factors can be a result of 
single nucleotide polymorphisms, deletions, insertions, duplications, or any other 
changes in DNA sequences.°* Humans are diploid organisms that carry two copies 
of each gene—one each of maternal and paternal origin— which are referred to as 
alleles. The variant allele refers to a gene that possesses a genetic mutation while 
the wild-type allele usually refers to the most common genotype in the population 
(i.e., nonmutated). The alleles are numbered largely based on the order of 
discovery with the *1 allele commonly designated as the wild-type. Therefore, a 
patient that is a carrier of the *1/*1 alleles inherited wild-type alleles for that gene 
from both their biological mother and father. By having a copy of the same allele 
from both sources, this patient would be referred to as being homozygous for the 
wild-type allele. Conversely, a heterozygous patient has two distinct allele copies 
of the same gene. 


The most common variants that alter drug pharmacokinetics and 
pharmacodynamics and increase the risk for drug-induced diseases are in genes that 
encode drug-metabolizing enzymes, drug transporters, drug target receptors, or the 
human leukocyte antigen.**°4 As more pharmacogenetic tests are developed and 
translated to the clinic, there is a need to enhance clinician knowledge in the field. 
The Pharmacogenomics Knowledgebase and the Pharmacogenomics Research 
Network have established the Clinical Pharmacogenetics Implementation 
Consortium (CPIC) guidelines to guide clinicians on the use of available tests to 
enhance pharmacotherapy efficacy and avoid potential adverse drug events.°> There 
are several examples of pharmacogenomic tests that are becoming the standard of 
care in oncology and with drugs like abacavir, carbamazepine, dapsone, and 
azathioprine. 


DRUG METABOLISM 


Drug metabolism pathways can be classified into phase I oxidation/reduction or 
phase II conjugation reactions.°>>* A majority of the genes that encode for phase I 
and II enzymes are polymorphic, and mutations in these genes can result in varying 
clinical phenotypes. Phenotypic variations can range from ultra-rapid metabolizer 
(UM), normal or extensive metabolizer (NM or EM, respectively), intermediate 
metabolizer (IM), and poor metabolizer (PM). EMs are commonly homozygous for 
the wild-type (i.e., *1) alleles whereas PMs are typically homozygous for 
decreased function alleles. UMs include carriers of gain-of-function alleles that 
increase metabolism capacity beyond that of EMs. Therefore, if the patient’s 
genotype is known, their phenotype can be predicted. A final important 
consideration is the activity of the parent drug versus that of metabolites to 
facilitate prediction of lack of an appropriate therapeutic response or increased 
risk of an adverse drug event or drug-induced disease. 
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The CYP enzymes (e.g., CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6 
and CYP3A4) are predominantly responsible for catalyzing phase I drug 
metabolism reactions. An example of a polymorphically expressed CYP enzyme is 
CYP2C9. Substrates for CYP2C9 include phenytoin, glipizide, and S-warfarin 
(active enantiomer). The phenotype for the drug metabolism capacity of CYP2C9 
follows those listed in the preceding paragraph; UM, EM, IM, or PM. The 
phenotype for CYP2C9 can be predicted based on the patient’s genotype (alleles 
present). Patients that carry decreased function alleles, such as the CYP2C9*2 or 
CYP2C9*3 allele, generally require a smaller starting dose of warfarin than wild- 
type patients when taking into consideration other genetic and clinical factors that 
influence warfarin dose determination.-©*’ Furthermore, homozygotes for the 
CYP2C9*2 (1s1799853C>T) or CYP2C9*3 (rs1057910A>C) alleles are at a higher 
risk of serious bleeding events due to decreased elimination of the active warfarin 
enantiomer. This example, along with other relevant CYP enzymes and alleles, are 
summarized in Table 3-1. 


During phase II metabolism, a small water-soluble chemical entity is 
conjugated onto the substrate through a covalent bond to enhance renal excretion. 
Phase II drug metabolism includes glucuronidation, methylation, acetylation, and 
sulfation conjugation reactions. Most conjugated metabolites are pharmacologically 
inactive, but there are some examples of active conjugated metabolites such as 
morphine-6-glucuronide. 

Mercaptopurine, a thiopurine drug, is used to treat acute lymphoblastic 
leukemia or as an immunosuppressant for inflammatory bowel diseases.°° 
Mercaptopurine is partially inactivated by an S-methylation reaction via thiopurine 
S-methyltransferase (TPMT).** Several studies have shown that patients with 
certain genetic variations within the TPMT gene (homozygous or heterozygous) 
have no or low TPMT enzyme activity. Absence of TPMT enzyme activity leads to 
an increased serum concentration of one of the mercaptopurine active metabolites, 
6-thioguanine nucleotide, which may result in severe bone marrow suppression.~” 


Glucuronidation is another important process in Phase II drug metabolism. 
Irinotecan, a cytotoxic agent, exerts a meaningful uridine 5’-diphospho- 
glucuronosyltransferase (UGT) effect on drug clearance and drug-related toxicity. 
The active metabolite of irinotecan is SN-38, the elimination of which is facilitated 
by glucuronidation through the UGT1A1 enzyme. Patients with Gilbert syndrome 
are homozygotes for the reduced activity UGTIAI1 allele (UGTIAI*268, 
1834815109) and are predisposed to life threatening myelosuppression. These 
examples are summarized in Table 3-1. 


103 


Table 3-1 










Examples of Genetic Variations Leading to Drug-Induced Diseases 


CPIC Guidelines 
Example Drug | Alleles of Interest Response 


Recommendation 
METABOLIZING ENZYMES 
CYP2C9!!™""* Warfarin 






Presence of at least one Increase risk of Monitor INR more fre- 
allele of CYP2C*2 or bleeding quently, and adjust dose 
CYP2C*3 accordingly 


Homozygous variants: Increase risk of SJS and | Dose adjustment is 
presence of two decreased | TEN recommended 
function alleles including 

*2/*2, °2/*3, or *3/*3 


CYP2C19"" Clopidogrel Presence of CYP2C19"17 | Increase risk of Dose adjustment is 
allele bleeding recommended 


CYP2D6'” Codeine Ultra-metabolizer: pres- Increase risk of death in | Consider alternative 
ence of more than 2 func- | children and respira- therapy 
tional alleles tory depression 





Phenytoin 








Thiopurine Azathioprine and | Homozygote variant 
methyltransferase*""' | mercaptopurine | leading to low or deficient 






Myelotoxicity Consider alternative 
therapy, or start with very 
low dose 






activity 





UGTIAI® Homozygous of Myelotoxicity Dose adjustment is 
UGTIA1*28 haplotypes recommended 
N-acetyl n/a Increase risk of lupus n/a 
transferase!" syndrome 
Hydralazine n/a Increase risk of n/a 
hepatotoxicity 


DRUG TRANSPORTERS 











SLCOIBI"* Statins Presence of at least one Myopathy Consider starting 

(simvastatin) alleles of SLCOIBI*5S Rhabdomyolysis with lower doses or an 
SLCOIBI"IS alternative agent 
SLCOIBI"17 


DRUG TARGETS 
VKORCI®"© Warfarin Single nucleotide poly- Increase risk of Monitor INR more fre- 
morphism: 1639 G>A bleeding quently, and adjust dose 
accordingly 


Increase risk of hemo- | Rasburicase is contrain- 
lytic anemia dicated when G6PD is 
deficient 


G6PD"*" Rasburicase and 
dapsone 


n/a 

B*5701 Abacavir Presence of at least one Increase risk of Not recommended 
57:01 alleles hypersensitivity 

B*1502 Phenytoin Presence of one or two ncrease risk of SJS and | Dose adjustment is 
57:01 alleles TEN recommended 

B*1502 Carbamazepine _ | Presence of "15:02 or Increase risk of SJS and | Consider alternative 

A*3101 *31:01 alleles TEN therapy 

B*S801 Allopurinol Presence of at least one Increase risk of SJS and | Contraindicated 
58:01 alleles TEN 


CPIC = Clinical Pharmacogenetics Implementation Consortium, CYP = cytochrome P450, G6PD = glucose-6-phosphate dehydrogenase, 
HLA = human leukocyte antigen, INR = international normalized ratio, n/a = not applicable (no CPIC recommendation), 

SJS = Stevens—Johnson syndrome, SLCOIB! = solute carrier organic anion transporter family 1B1, TEN = toxic epidermal necrolysis, 
UGTIALI = uridine diphosphate glucuronosyltransferase 1A 1, VKORC! = vitamin K-epoxide reductase complex subunit 1. 





DRUG TRANSPORT 


Drug transporters are expressed in most tissues, including the liver, intestine, 
kidneys, and the brain.°!°* They play a role in drug disposition by controlling the 


104 


uptake and efflux of drugs in cells and by facilitating the movement of drugs 
between tissues and organs. Drug transporter function can be altered by many 
factors, including genotype. Organic cation transporter proteins (OCTs) are 
members of the solute carrier superfamily (SLC) of transporters. OCTs are uptake 
transporters that are predominantly expressed in the liver and kidney. 


Cisplatin is a cancer chemotherapy agent that is widely used to treat solid 
tumors and is associated with nephrotoxicity and ototoxicity. Patients with minimal 
expression of both OCT1 and OCT2 or OCT2 alone are less likely to develop 
cisplatin-induced nephrotoxicity.°> As an additional example, simvastatin is a 
widely prescribed medication for the management of dyslipidemias. Patients with 
polymorphisms in SLECOJB/ (rs4149056T>C) are predisposed to simvastatin- 
induced myopathy. Thus, initiating simvastatin therapy with lower doses or 
considering an alternative agent is recommended in patients with this genotype.“ 


P-glycoprotein (Pgp) is an adenosine triphosphate (ATP)-binding cassette 
(ABC) transporter that (1) is expressed in the intestine, liver, and kidneys and also 
at the blood-brain barrier, and (2) protects against foreign substances through efflux 
from cells. Pgp promotes multidrug resistance by the efflux of pharmacological 
substrates from cells.°!* Pgp limits drug absorption via efflux of its substrates into 
the intestinal lumen, while in the kidneys and liver it promotes drug excretion into 
the ultrafiltrate and bile, respectively. Polymorphisms in the ABCB/ gene have been 
demonstrated to decrease function and alter plasma drug concentrations by 
enhancing absorption, decreasing clearance and increasing access to the central 
nervous system. This may increase the risk of unexpected drug-related adverse 
events, particularly associated with the Pgp substrate digoxin. The overall 
clinical relevance of polymorphisms in the ABCB/ gene needs further delineation 
but could be an important factor for drug-induced diseases, particularly those 
associated with digoxin. 


DRUG TARGET RECEPTORS 


Genetic polymorphisms in drug targets—including enzymes, G-protein coupled 
receptors, ion channels, and other proteins—contribute to variability in drug 
efficacy and toxicity. The vitamin K epoxide reductase complex subunit 1 
(VKORC1) gene encodes for the enzyme that is the primary pharmacological target 
for warfarin.°° VKORC1 converts inactive vitamin K epoxide to active vitamin K, 
which is required for several coagulation factors including VII, [X, and X. An 
alanine (A) substitution for glycine (G) at position 1639 (1639G>A) in the 
VKORCI gene decreases the promoter activity and expression of VKORC1 protein. 
Thus, patients with the AA genotype require lower maintenance doses of warfarin 
and are at higher risk of warfarin-related adverse events, particularly in those 
patients that also carry reduced function alleles of CYP2C9 (i.e., *2 or *3).4 
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HUMAN LEUKOCYTE ANTIGEN 


Several pharmacogenomic studies have demonstrated an important role for the HLA 
genes in what were previously considered idiosyncratic adverse drug reactions.” 
The major histocompatibility complex region, located on chromosome 6, contains 
HLA genes class I (HLA-A, -B and -C) and class Il (HLA-DR, -DP and -DQ), 
which are important for the function of the human immune system.°’ Several studies 
have shown various associations between HLA alleles and adverse drug reactions, 
the most common of which are liver injury and hypersensitivity reactions. The 
strongest available evidence associating HLA polymorphisms and drug-induced 
liver injury 1s with the antimicrobial flucloxacillin, tricyclic antidepressants, 
diclofenac, amoxicillin-clavulanate, and abacavir. 

The most serious adverse drug events that have been associated with HLA 
polymorphisms are severe skin hypersensitivity reactions.°’ The hypersensitivity 
response is categorized as early or delayed.® The early response is mediated by 
IgE and the role of genetic polymorphisms in this type of reaction is unclear. The 
delayed response is T cell-dependent and varies from mild skin rash to very severe 
hypersensitivity syndrome. The most serious of these reactions affect other organs 
and tissues resulting in SJS or TEN.°°°® Carbamazepine is the most commonly 
prescribed medication that induces SJS/TEN, which is strongly associated with the 
HLA-B*1502 allele (1s3909184G>C and rs2844682G>A).° Asian populations are 
at higher risk of carbamazepine-induced SJS/TEN due to a higher allele frequency 
compared to other populations. The HZA-A*3/0/ allele (rs1061235A>T) is 
associated with SJS/TEN in Caucasian patients, but to a lesser extent. The HLA- 
B*1502 allele has not been linked to SJS/TEN in Caucasians due to a low 
expression frequency. This highlights the importance of the HLA genotype to 
predict hypersensitivity reactions in Asian populations, which is supported by a 
“black box” warning in carbamazepine labeling. Other important associations 
between the HLA genotypes and SJS/TEN, including abacavir, are provided in 
Table 3-1.’°’! Pharmacogenetic testing is primarily used in patients of Asian 
descent to identify individuals at risk of HLA-associated adverse drug reactions 
prior to initiation of therapy with drugs that are known to induce serious 
hypersensitivity reactions. 


DRUG-—DRUG INTERACTIONS 


DDIs refer to alterations in the effect of a medication (victim drug) when 
coadministered with another medication (perpetrator drug).’* DDIs are the 
underlying factor in many drug-induced diseases and are attributed to as many as 


26% of hospitalizations related to adverse drug reactions.’”"’> Classified by the 
mechanism that influences the action of the victim drug to increase susceptibility to 
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drug-induced disease, DDIs are broadly divided into pharmacokinetic or 
pharmacodynamic interactions. Pharmacokinetic-based interactions affect the 
absorption, distribution, metabolism, or excretion processes, while 
pharmacodynamic-based interactions alter physiologic systems within the body. 


The implications of DDIs on clinical practice are both profound and diverse: 


¢ DDIs can be exploited clinically to achieve synergistic increases in drug 
efficacy, such as in the use of aminoglycoside and f-lactam antibiotics 
concomitantly to treat bacterial infections. 


¢ DDIs can result in therapeutic failure, as manifested by the reduced 
anticonvulsant efficacy of phenytoin during coadministration with rifampin. 


¢ DDIs can result in potentiation of the adverse effects of the victim drug to 
cause drug-induced disease, such as the development of digoxin-induced 
nausea, vomiting, anorexia, or arrhythmias when coadministered with 
amiodarone. 


DDIs that result in potentiation of adverse effects constitute an important cause of 
drug-induced diseases and these interactions will be the focus of this section. 


The effective identification and characterization of DDIs are critical to 
facilitate their prevention and to limit the incidence of drug-induced disease in 
clinical practice. A complicating factor of DDIs is that they can occur through the 
simultaneous action of multiple mechanisms. Due to these complexities, DDIs are 
sometimes difficult to identify and remain an important factor contributing to drug- 
induced diseases. 


PHARMACOKINETIC DRUG—DRUG 
INTERACTIONS 


The many clinical implications of DDIs reflect the vast range of physiologic 
processes and systems affected. Pharmacokinetic-based DDIs impact drug action 
by altering drug exposure within the body. Common mechanisms of 
pharmacokinetic DDIs that cause drug-induced disease, along with clinically 
relevant examples, are discussed in this section. 


Membrane transporters impact the pharmacokinetics of many medications and, 
therefore, factors that influence transporter activity have implications on both drug 
efficacy and safety. As indicated in the Genetic Variation section, two important 
superfamilies of transporters that impact drug disposition include ABCs and SLCs, 
with members of these two superfamilies contributing to both drug influx and efflux 
from systemic circulation and/or the drug site of action. Inhibition of drug transport 
through these mechanisms can increase drug exposure. ’° An important DDI related 
to drug transporter inhibition involves the novel oral anticoagulant dabigatran when 
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coadministered with a Pgp (member of the ABC superfamily) inhibitor. Serum 
dabigatran concentrations are elevated when coadministered with verapamil, an 
inhibitor of Pgp.’’ The decreased Pgp-mediated dabigatran efflux within intestinal 
epithelial cells increases the risk of major bleeding associated with dabigatran 
therapy. ’*”? Similarly, the incidence of respiratory depression associated with the 
antidiarrheal agent loperamide is increased when coadministered with the Pgp 
inhibitor quinidine.’ The mechanism involves inhibition of Pgp mediated efflux at 
the blood-brain barrier. This enhances loperamide access to the central nervous 
system to precipitate respiratory depression.*® 


Modulations in the activity of drug-metabolizing enzymes are the most common 
and widely studied mechanism of DDIs. Most frequently, drug-metabolizing 
enzymes mediate the transformation of a pharmacologically active parent drug into 
less active or inactive metabolites. Therefore, factors that influence drug 
metabolism result in changes in exposure of active drug moieties, ultimately 
resulting in alterations in both the therapeutic and adverse effects of drugs. 


The CYP450 enzyme system is primarily responsible for the biotransformation 
of drugs during phase I metabolism. Clinically relevant DDIs affect the following 
CYP isoenzymes: CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1, 
and CYP3A4/5.°!-*3 Inhibition of CYP enzymes results in increased exposure of 
parent drugs metabolized by these pathways, increasing both therapeutic activity 
and the potential for adverse drug effects when the parent drug is the active moiety. 
Exposure to midazolam is increased during coadministration with the CYP3A 
inhibitor ketoconazole, resulting in the potentiation and prolongation of 
midazolam’s hypnotic effect.** In addition, the induction of CYP enzymes may also 
precipitate drug-induced diseases. For example, induction of CYP2E1 by isoniazid 
results in increased metabolism of acetaminophen to its toxic metabolite, NAPQI, 
resulting in an increased risk for hepatotoxicity.>*’ There are numerous examples 
of potential DDIs that precipitate drug-induced diseases. Some of the examples of 
DDIs involving the inhibition of CYP isoenzymes are displayed in Table 3-2. 


Table 3-2 Drug—Drug Interactions Contributing to Drug-Induced Disease Through CYP Inhibition 


Victim Perpetrator 
CYP Enzyme | Drug Drug Drug-Induced Disease 


CYP1A2'” Alosetron Fluvoxamine Constipation, gastrointestinal pain, nausea, abdominal distention, 
ischemic colitis 





CYP2B6'*""" Efavirenz Voriconazole Severe rash, insomnia, vivid dreams, liver failure 
CYP2C9"" Warfarin Fluconazole Increased risk for major bleeding (epistaxis, gastrointestinal bleeding, 
melena, hematuria) 





CYP2C19"""—_—_ | Diazepam Isoniazid Ataxia, somnolence, sedation, respiratory depression 








CYP2D6'?9"5 Propranolol | Fluoxetine Bradyarrhythmia, hypotension, AV block, cardiogenic shock 


CYP2E1°6"" Theophylline | Disulfiram Nausea, vomiting, tremor, heart palpitations, tachyarrhythmia, seizures 
CYP3A4/5'*"" | Simvastatin | Clarithromycin Muscle tenderness, muscle weakness, myalgia, rhabdomyolysis 


AV = atrioventricular, CYP = cytochrome P450. 
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The kidneys play an important role in the elimination of many drugs. DDIs may 
potentially influence renal elimination and predispose individuals to drug-induced 


disease via four distinct mechanisms**: 


1. Inhibition of tubular secretion, the process by which drugs are moved from 
the peritubular capillaries to the renal tubular lumen for excretion 


Changes in urinary pH that decrease drug excretion 
Changes in renal blood flow that decrease drug filtration 


Rw N 


Inhibition of renal drug metabolism 


Trimethoprim, when formulated with or without sulfamethoxazole, inhibits OCT2- 
mediated tubular secretion of the antiparkinsonian drug amantadine, resulting in 
increased amantadine exposure and the potential for psychiatric symptoms such as 
delirium, confusion, and combative behavior.°*°? 


PHARMACODYNAMIC DRUG-—DRUG 
INTERACTIONS 


The basis for pharmacodynamic DDIs involves alterations of pharmacological 
targets that accentuate or attenuate a physiological response. Such physiologic 
alterations are frequently related to the pharmacologic effects of the drug entities 
but also may occur via off-target effects. Thus, pharmacodynamic DDIs may result 
in reduced drug efficacy or enhance the risk for drug-induced diseases. 


Additive pharmacodynamic effects constitute a very common cause of drug- 
induced disease. Clinically significant examples of additive pharmacodynamic 
DDIs include drug-induced hypotension in patients with heart failure as a result of 
coadministration of multiple agents with hypotensive effects, such as B-blockers, 
ACE inhibitors, hydralazine, isosorbide dinitrate, and angiotensin receptor 
blockers. Another example of a pharmacodynamic DDI that can result in a drug- 
induced disease is the coadministration of multiple drugs known to individually 
prolong the QT interval on a surface ECG, increasing the risk of torsades de 
pointes, such as coadministration of the fluoroquinolone levofloxacin, with the 
antipsychotic agent haloperidol.” 


FOOD-DRUG INTERACTIONS 


Food—drug interactions can result in drug-induced diseases. Similar to DDIs, food— 
drug interactions can occur as a result of the alteration of pharmacokinetic or 
pharmacodynamic processes due to an interacting component found in the diet. 
These interactions can contribute to the development of drug-induced disease 
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through a variety of mechanisms, including opposition of a drug’s therapeutic 
activity and potentiation of drug adverse effects and toxicities. Food—drug 
interactions present a necessary consideration, and their effect on drug action can 
influence both drug selection and dose determination. Three common and clinically 
significant examples of food—drug interactions that contribute to drug-induced 
disease are described below. 


Tyramine is a monoamine compound found in aged food and beverage products 
like cheese and beer, respectively. A potentially life-threatening food—drug 
interaction occurs when the metabolism of tyramine is inhibited by the class of 
drugs known as the monoamine oxidase inhibitors (MAOIs), occurring most 
frequently with older MAOIs such as_ phenelzine, isocarboxazid, and 
tranylcypromine. The food—drug interaction dramatically increases tyramine’s 
vasopressive effects and can precipitate severe hypertension, hyperthermia, cardiac 
arrhythmias, and cerebral hemorrhage.”* 


Caffeine—found in coffee, tea, cola, and chocolate—is involved in a variety of 
food—drug interactions based on both its pharmacodynamic profile and its 
similarity in structure and function to certain drugs. Caffeine consumption is 
contraindicated during use of the structurally similar methylxanthine drug, 
theophylline. Caffeine increases plasma theophylline concentrations and potentiates 
its numerous adverse effects. Additionally, caffeine administration has been 
demonstrated to reduce seizure threshold and may thereby precipitate seizures or 
diminish the efficacy of anticonvulsant medications.°*”° 


Grapefruit juice is a potent inhibitor of intestinal CYP3A4 metabolism, and it is 
also implicated in the inhibition of intestinal Pgp efflux transporters and organic 
anion-transporting polypeptide influx transporters through interactions mediated by 
furanocoumarin and flavonoid species found in the juice.”’ In fact, trials have 
demonstrated significant alterations in drug disposition upon coadministration of as 
little as one 8-ounce glass of grapefruit juice.?® Food—drug interactions involving 
grapefruit juice affect a vast number of drugs that rely on the Pgp and CYP3A4 
pathways for systemic absorption and metabolism, including antibiotics, 
antidepressants, antihypertensives, antiarrhythmics, corticosteroids, and 
medications to manage hypercholesterolemia.”’ For instance, the risk for myopathy 
and rhabdomyolysis associated with simvastatin may be increased when taken with 
grapefruit juice.” 


MEDICATION NONADHERENCE 


Medical nonadherence is defined as when patients do not follow provider 
recommendations about medication therapy with respect to timing, dosage, and 
frequency. It constitutes a major global healthcare problem and contributes to the 
incidence of drug-induced disease.!°° The World Health Organization proposes that 
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increasing the effectiveness of adherence interventions may have a greater 
population-wide health impact than improvements in specific medical 
treatments.!°! This assertion is supported by recent estimates that as many as 50% 
of Americans are not adherent to long-term medication therapy, resulting in 
preventable annual healthcare expenditures of over $100 billion! 


The contribution of medication nonadherence to drug-induced disease occurs 
through a variety of mechanisms. One instance is when a patient nonadherently 
increases the dose or frequency of drug administration, resulting in enhanced drug 
exposure. Nonadherence can also contribute to drug-induced disease through 
indirect mechanisms, such as nonadherent behaviors resulting in decreased 
medication administration. For example, when a patient omits medication doses, 
the prescriber may intensify therapy either by increasing the dose or frequency of 
the medication or through addition of adjunctive medication therapy, thereby 
predisposing the patient to an increased risk of drug toxicities. !° 


The causes of medication nonadherence are often complex, multifactorial, and 
highly variable among patients. Six of the most commonly described factors 


contributing to nonadherence include the following!”’: 


1. Lack of patient understanding of the contribution of medication adherence to 
continued good health 


2. Patient perception that the potential risks of medication therapy outweigh 
the benefits 


3. When the complexity of the medication therapy regimen exceeds the 
patient’s mental processing capacity 


Lack of sufficient patient vigilance 


5. When the patient possesses inaccurate, irrational, or conflicting normative 
beliefs regarding medication therapy 


6. Patient disbelief in the therapeutic efficacy of a medication 


Addressing the specific cause of patient nonadherence is paramount to effectively 
improving adherence. Accordingly, strategies to improve medication adherence 
have focused on combinations of multiple interventions to address the many reasons 
for nonadherence. For example, patient counseling and provision of health 
information may improve patient understanding of the benefit and efficacy of 
medication in promoting health. Interventions such as electronic reminders to take 
medicine and medication packaging with a calendar feature help increase patient 
vigilance. !!°5 Despite these multifactorial approaches, strategies to improve 
adherence have generally demonstrated only modest increases in adherent 
behavior.!°° As a result, medication nonadherence remains a significant challenge 
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to effective medication therapy and an important factor to consider in relation to 
drug-induced diseases. 


MEDICATION ERRORS 


Defined as “any preventable event that may cause or lead to inappropriate 
medication use or patient harm while the medication is in the control of the 
healthcare professional, patient, or consumer,” medication errors constitute a 
significant cause of drug-induced disease.!°7 Medication errors are commonly 
manifested as administration of the wrong drug, drug overdoses, overlooking of 
documented patient drug allergies, or failure to detect DDIs—all of which can 
directly cause adverse drug events.!°8 The estimated medication error rate is at 1.6 
errors per 1,000 patient days in adult hospitalized patients. This rate is elevated in 
special patient populations, such as an estimated rate of 13.4 errors per 1,000 
patient days in pediatric patients.!0-!!° 


Medication errors may occur during any step of the medication-use process, 
including prescribing, transcription, dispensing, administration, and monitoring. A 
series of studies by the Adverse Drug Event Prevention Study group attributed 28% 
of discovered adverse drug events to medication errors during a 6-month 
investigation within two major metropolitan hospitals.'!! The medication errors 
were most likely to occur during prescribing (56%), administration (34%), 
transcription (6%), and dispensing (4%).!!* The National Coordinating Council for 
Medication Error Reporting and Prevention has developed an index for 
categorizing medication errors based on whether a medication error reaches the 
patient, whether the error results in patient harm, and the severity of managing the 
adverse drug event.!!> The index seeks to provide a systematic means to 
standardize the classification and severity of medication errors to more accurately 
characterize their burden to medication use. 


As medication errors occur over a wide variety of steps in the medication-use 
process, the reasons that they occur are widely variable. Risk factors that 
predispose patients to medication errors can be patient-specific (kidney or liver 
disease, advanced age), prescriber-specific (use of potentially confusing medical 
abbreviations when prescribing), or factors latent within an institution’s system of 
delivering patient care (poorly structured physical or informational environment, 
failing to adhere to clinical standards).!'*!!> Regardless of medication error 
etiology, properly identifying the causes is essential in preventing error 
occurrence.!!© The FDA has instituted efforts to prevent medication errors such as 
the widely implemented 5 Rights of Medication Administration. The effective use 
of information technology within the administration of healthcare has been perhaps 
the greatest advancement in preventing medication errors, as electronic technology 
has the potential to significantly reduce errors in all steps of the medication-use 
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process.!!5 Although the contribution of medication errors to the development of 
drug-induced disease is well evidenced, strategies for preventing these errors 
remain a formidable challenge. 


SUMMARY 


This chapter outlines the most important factors that are known to contribute to 
drug-induced diseases while demonstrating important clinical consequences. The 
contribution of age, sex, race, pregnancy status, genetics, comorbid diseases, 
cigarette smoking, alcohol, illicit drug use, DDIs, food—drug interactions, 
medication adherence, and medication errors should all be considered to identify 
the potential for a drug-induced disease. 


*Tyler Shugg and Abdullah Assiri contributed to this chapter equally. 


REFERENCES 


I Bowie MW, Slattum PW. Pharmacodynamics in older adults: a review. Am 
J Geriatr Pharmacother. 2007; 5:263-303. 


Di Mangoni AA, Jackson SH. Age-related changes in pharmacokinetics and 
pharmacodynamics: basic principles and practical applications. Br J Clin 
Pharmacol. 2004; 57:6-14. 

A: Routledge PA, O’ Mahony MS, Woodhouse KW. Adverse drug reactions in 
elderly patients. Br J Clin Pharmacol. 2004; 57:121-6. 

4. American Geriatrics Society. 2015 updated beers criteria for potentially 
inappropriate medication use in older adults. J Am Geriatr Soc. 2015; 
63:2227-46. 

5; Soldin OP, Chung SH, Mattison DR. Sex differences in drug disposition. J 
Biomed Biotechnol. 2011; 2011:187103. 

6. Tran C, Knowles SR, Liu BA et al. Gender differences in adverse drug 
reactions. J Clin Pharmacol. 1998; 38:1003-9. 


FF Drici MD, Clement N. Is gender a risk factor for adverse drug reactions? 
The example of drug-induced long QT syndrome. Drug Saf. 2001; 24:575- 
85. 

8. Rademaker M. Do women have more adverse drug reactions? Am J Clin 


Dermatol. 2001; 2:349-51. 


13 


10. 


Li. 
1m 


ie 


14. 


i. 


16. 


ty. 


18. 


Ly, 


20. 


eA 


a2. 


23. 


Bamshad M, Wooding S, Salisbury BA et al. Deconstructing the 
relationship between genetics and race. Nat Rev Genet. 2004; 5:598-609. 


Coleman JJ, McDowell SE. Ethnicity and adverse drug reactions. Adv 
Drug React Bull. 2005; 234:899-902. 


Eliasson E. Ethnicity and adverse drug reactions. BMJ. 2006; 332:1163-4. 


Yasuda SU, Zhang L, Huang SM. The role of ethnicity in variability in 
response to drugs: focus on clinical pharmacology studies. Clin 
Pharmacol Ther. 2008; 84:417-23. 


Ferrell PB Jr, McLeod HL. Carbamazepine, HLA-B*1502 and risk of 
Stevens-Johnson syndrome and toxic epidermal necrolysis: US FDA 
recommendations. Pharmacogenomics. 2008; 9:1543-6. 


Gibbs CR, Lip GY, Beevers DG. Angioedema due to ACE inhibitors: 
increased risk in patients of African origin. Br J Clin Pharmacol. 1999; 
48:861-5. 


Pare G, Kubo M, Byrd JB et al. Genetic variants associated with 
angiotensin-converting enzyme  inhibitor-associated angioedema. 
Pharmacogenet Genomics. 2013; 23:470-8. 

Gilbert-Barness E. Teratogenic causes of malformations. Ann Clin Lab 
Sci. 2010; 40:99-114. 

US Food and Drug Administration (FDA), Center for Drug Evaluation and 
Research. Reviewer guidance: evaluating the risks of drug exposure in 
human pregnancies. Washington DC: FDA; 2005. 

Costantine MM. Physiologic and pharmacokinetic changes in pregnancy. 
Front Pharmacol. 2014;5:65. 

Loebstein R, Lalkin A, Koren G. Pharmacokinetic changes during 
pregnancy and their clinical relevance. Clin Pharmacokinet. 1997; 
33:328-43. 

Kroon LA. Drug interactions with smoking. Am J Health-Syst Pharm. 
2007; 64:1917-21. 

Washio I, Maeda M, Sugiura C et al. Cigarette smoke extract induces 
CYP2Bé6 through constitutive androstane receptor in hepatocytes. Drug 
Metab Dispos. 2011; 3:1-3. 

Desai HD, Seabolt J, Jann MW. Smoking in patients receiving 
psychotropic medications: a pharmacokinetic perspective. CNS drugs. 
2001; 15:469-94. 

Burkman R, Schlesselman JJ, Zieman M. Safety concerns and health 


benefits associated with oral contraception. Am J Obstet Gynecol. 2004; 
190(4 suppl):S5-22. 


114 


24. 


oe 


20: 


Zi, 


28. 


27. 


30. 


ail. 


22 


a2. 


34. 


as 


36. 


a. 


38. 


Chan LN, Anderson GD. Pharmacokinetic and pharmacodynamic drug 
interactions with ethanol (alcohol). Clin Pharmacokinet. 2014; 53:1115- 
36. 


Zakhari S. Overview: how is alcohol metabolized by the body? Alcohol 
Res Health. 2006; 29:245-54. 


Schiodt FV, Lee WM, Bondesen S et al. Influence of acute and chronic 
alcohol intake on the clinical course and outcome in acetaminophen 
overdose. Aliment Pharmacol Ther. 2002; 16:707-15. 


Hinson JA, Roberts DW, James LP. Mechanisms of acetaminophen- 
induced liver necrosis. Handb Exp Pharmacol. 2010; 196:369-405. 


Radwan MM, Elsohly MA, Slade D et al. Biologically active 
cannabinoids from high-potency Cannabis sativa. J Nat Prod. 2009; 
72:906-11. 


Jordan K, Sippel C, Schmoll HJ. Guidelines for antiemetic treatment of 
chemotherapy-induced nausea and vomiting: past, present, and future 
recommendations. Oncologist. 2007; 12:1143-50. 


Borgelt LM, Franson KL, Nussbaum AM et al. The pharmacologic and 
clinical effects of medical cannabis. Pharmacotherapy. 2013; 33:195- 
209. 


Hunt CA, Jones RT. Tolerance and disposition of tetrahydrocannabinol in 
man. J Pharmacol Exp Ther. 1980; 215:35-44. 


Yamreudeewong W, Wong HK, Brausch LM et al. Probable interaction 
between warfarin and marijuana smoking. Ann Pharmacother. 2009; 
43:1347-53. 


Watanabe K, Yamaori S, Funahashi T et al. Cytochrome P450 enzymes 
involved in the metabolism of tetrahydrocannabinols and cannabinol by 
human hepatic microsomes. Life Sci. 2007; 80:1415-9. 


Brownlow HA, Pappachan J. Pathophysiology of cocaine abuse. Eur J 
Anaesthesiol. 2002;19:395-414. 


Dean A. Pharmacology of psychostimulants. In: Baker A, Lee N, Jenner L, 
eds. Models of intervention and care for psychostimulant users. 2nd ed. 
Canberra: Australian Government Department of Health and Ageing; 
2004:35-50. 


Naud J, Nolin TD, Leblond FA et al. Current understanding of drug 
disposition in kidney disease. J Clin Pharmacol. 2012; 52:10s-22s. 
Chapin E, Zhan M, Hsu VD et al. Adverse safety events in chronic kidney 
disease: the frequency of “multiple hits.”” Clin J Am Soc Nephrol. 2010; 
5:95-101. 

Ginsberg JS, Zhan M, Diamantidis CJ et al. Patient-reported and 
actionable safety events in CKD. J Am Soc Nephrol. 2014; 25:1564-73. 


115 


ay. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


mls 


oem 


2. 


Okabe H, Hashimoto Y, Inui KI. Pharmacokinetics and bioavailability of 
tacrolimus in rats with experimental renal dysfunction. J Pharm 
Pharmacol. 2000; 52:1467-72. 


Kanfer A, Stamatakis G, Torlotin JC et al. Changes in erythromycin 
pharmacokinetics induced by renal failure. Clin Nephrol. 1987; 27:147- 
50. 


Takeuchi A, Masuda S, Saito H et al. Role of kidney-specific organic 
anion transporters in the urinary excretion of methotrexate. Kidney Int. 
2001; 60:1058-68. 


Franz CC, Hildbrand C, Born C et al. Dose adjustment in patients with 
liver cirrhosis: impact on adverse drug reactions and hospitalizations. Eur 
J Clin Pharmaco. 2013; 69:1565-73. 


Delco F, Tchambaz L, Schlienger R et al. Dose adjustment in patients with 
liver disease. Drug Saf. 2005; 28:529-45. 


Verbeeck RK. Pharmacokinetics and dosage adjustment in patients with 
hepatic dysfunction. Eur J Clin Pharmaco. 2008; 64:1147-61. 


Bergasa NV, Rothman RB, Mukerjee E et al. Up-regulation of central mu- 
opioid receptors in a model of hepatic encephalopathy: a potential 
mechanism for increased sensitivity to morphine in liver failure. Life Sci. 
2002; 70:1701-8. 

Woosley RL. Pharmacokinetics and pharmacodynamics of antiarrhythmic 
agents in patients with congestive heart failure. Am Heart J. 1987; 
114:1280-91. 

Smith TW. Digitalis. Mechanisms of action and clinical use. N Engl J 
Med. 1988; 318:358-65. 

Croxson MS, Ibbertson HK. Serum digoxin in patients with thyroid 
disease. Br Med J. 1975; 3:566-8. 

Raja Rao MP, Panduranga P, Sulaiman K et al. Digoxin toxicity with 
normal digoxin and serum potassium levels: beware of magnesium, the 
hidden malefactor. J Emerg Med. 2013; 45:e31-4. 

Daly AK. Pharmacogenomics of adverse drug reactions. Genome Med. 
2013; 5:5. 

Uetrecht J, Naisbitt DJ. Idiosyncratic adverse drug reactions: current 
concepts. Pharmacol Rev. 2013; 65:779-808. 

Ma Q, Lu AY. Pharmacogenetics, pharmacogenomics, and individualized 
medicine. Pharmacol Rey. 2011; 63:437-59. 

Belle DJ, Singh H. Genetic factors in drug metabolism. Am Fam 
Physician. 2008; 77:1553-60. 


116 


54. 


as 


56. 


ee 


58. 


29. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


Sim SC, Kacevska M, Ingelman-Sundberg M. Pharmacogenomics of drug- 
metabolizing enzymes: a recent update on clinical implications and 
endogenous effects. Pharmacogenomics J. 2013; 13:1-11. 


Relling MV, Klein TE. CPIC: Clinical Pharmacogenetics Implementation 
Consortium of the Pharmacogenomics Research Network. Clin Pharmacol 
Ther. 2011; 89:464-7. 


Aquilante CL, Langaee TY, Lopez LM et al. Influence of coagulation 
factor, vitamin K epoxide reductase complex subunit 1, and cytochrome 
P450 2C9 gene polymorphisms on warfarin dose requirements. Clin 
Pharmacol Ther. 2006; 79:291-302. 


Higashi MK, Veenstra DL, Kondo LM et al. Association between CYP2C9 
genetic variants and anticoagulation-related outcomes during warfarin 
therapy. JAMA. 2002; 287:1690-8. 


Booth RA, Ansari MT, Loit E et al. Assessment of thiopurine S- 
methyltransferase activity in patients prescribed thiopurines: a systematic 
review. Ann of Intern Med. 2011; 154:814-23, w-295-818. 


Lennard L, Van Loon JA, Weinshilboum RM. Pharmacogenetics of acute 
azathioprine toxicity: relationship to thiopurine methyltransferase genetic 
polymorphism. Clin Pharmacol Ther. 1989; 46:149-54. 


Sim SC, Ingelman-Sundberg M. Pharmacogenomic biomarkers: new tools 
in current and future drug therapy. Zrends in Pharmaco Sci. 2011; 32:72- 
81. 


DeGorter MK, Xia CQ, Yang JJ et al. Drug transporters in drug efficacy 
and toxicity. Annu Rev Pharmacol Toxicol. 2012; 52:249-73. 


Schuetz JD, Swaan PW, Tweedie DJ. The role of transporters in toxicity 
and disease. Drug Metab Dispos. 2014; 42:541-5. 


Filipski KK, Mathijssen RH, Mikkelsen TS et al. Contribution of organic 
cation transporter 2 (OCT2) to cisplatin-induced nephrotoxicity. Clin 
Pharmacol Ther. 2009; 86:396-402. 


Ramsey LB, Johnson SG, Caudle KE et al. The clinical pharmacogenetics 
implementation consortium guideline for SLCOIBI1 and simvastatin- 
induced myopathy: 2014 update. Clin Pharmacol Ther. 2014; 96:423-8. 
Hoffmeyer S, Burk O, von Richter O et al. Functional polymorphisms of 
the human multidrug-resistance gene: multiple sequence variations and 
correlation of one allele with P-glycoprotein expression and activity in 
vivo. Proc Natl Acad Sci USA. 2000; 97:3473-8. 

Rieder MJ, Reiner AP, Gage BF et al. Effect of VKORC/ haplotypes on 
transcriptional regulation and warfarin dose. N Engl J Med. 2005; 
352:2285-93. 


iy 


67, 


68. 


69. 


70. 


fait 


Td 


fxs 


74. 


fps 


76. 


77. 


78. 


79, 


80. 


81. 


$2. 


Stephens C, Lucena MI, Andrade RJ. Genetic variations in drug-induced 
liver injury (DILI): resolving the puzzle. Front Genet. 2012; 3:253. 


Svensson CK, Cowen EW, Gaspari AA. Cutaneous drug reactions. 
Pharmacol Rey. 2001; 53:357-79. 


Chung WH, Hung SI, Hong HS et al. Medical genetics: a marker for 
Stevens-Johnson syndrome. Nature. 2004; 428:486. 


Mallal S, Nolan D, Witt C et al. Association between presence of HLA- 
B*5701, HLA-DR7, and HLA-DQ3 and hypersensitivity to HIV-1 reverse- 
transcriptase inhibitor abacavir. Lancet (London, England). 2002; 
359:727-32. 


Mallal S, Phillips E, Carosi G et al. HLA-B*5701 screening for 
hypersensitivity to abacavir. N Engl J Med. 2008; 358:568-79. 


Dechanont S, Maphanta S, Butthum B et al. Hospital admissions/Vvisits 
associated with drug-drug interactions: a systematic review and meta- 
analysis. Pharmacoepidemiol Drug Saf. 2014; 23:489-97. 

Prince BS, Goetz CM, Rihn TL et al. Drug-related emergency department 
visits and hospital admissions. Am J Hosp Pharm. 1992; 49:1696-700. 
McDonnell PJ, Jacobs MR. Hospital admissions resulting from 
preventable adverse drug reactions. Ann Pharmacother. 2002; 36:1331-6. 
Peyriere H, Cassan S, Floutard E et al. Adverse drug events associated 
with hospital admission. Ann Pharmacother. 2003; 37:5-11. 

Giacomini KM, Huang SM, Tweedie DJ et al. Membrane transporters in 
drug development. Nat Rev Drug Discov. 2010; 9:215-36. 

Hartter S, Sennewald R, Nehmiz G et al. Oral bioavailability of 
dabigatran etexilate (Pradaxa) after co-medication with verapamil in 
healthy subjects. Br J Clin Pharmacol. 2013; 75:1053-62. 

Kawabata M, Yokoyama Y, Sasano T et al. Bleeding events and activated 
partial thromboplastin time with dabigatran in clinical practice. J Cardiol. 
2013; 62:121-6. 

Finch A, Pillans P. P-glycoprotein and its role in drug-drug interactions. 
Australian Prescriber. 2014; 37:137-9. 

Sadeque AJ, Wandel C, He H et al. Increased drug delivery to the brain by 
P-glycoprotein inhibition. Clin Pharmacol Ther. 2000; 68:231-7. 

Zanger UM, Schwab M. Cytochrome P450 enzymes in drug metabolism: 
regulation of gene expression, enzyme activities, and impact of genetic 
variation. Pharmacol Ther. 2013; 138:103-41. 

Ogu CC, Maxa JL. Drug interactions due to cytochrome P450. Proc (Bayl 
Univ Med Cent). 2000; 13:421-3. 


118 


33. 


84. 


85. 


86. 


87. 


88. 


89. 


a0. 


Gl, 


G2. 


93, 


94. 


93. 


96. 


Wang H, Tompkins LM. CYP2B6: new insights into a historically 
overlooked cytochrome P450 isozyme. Curr Drug Metab. 2008; 9:598- 
610. 


Olkkola KT, Backman JT, Neuvonen PJ. Midazolam should be avoided in 
patients receiving the systemic antimycotics ketoconazole or itraconazole. 
Clin Pharmacol Ther. 1994; 55:481-5. 


Nolan CM, Sandblom RE, Thummel KE et al. Hepatotoxicity associated 
with acetaminophen usage in patients receiving multiple drug therapy for 
tuberculosis. Chest. 1994; 105:408-11. 


Moulding TS, Redeker AG, Kanel GC. Acetaminophen, isoniazid, and 
hepatic toxicity. Ann Intern Med. 1991; 114:431. 


Murphy R, Swartz R, Watkins PB. Severe acetaminophen toxicity in a 
patient receiving isoniazid. Ann Intern Med. 1990; 113:799-800. 


Bonate PL, Reith K, Weir S. Drug interactions at the renal level. 
Implications for drug development. Clin Pharmacokinet. 1998; 34:375- 
404. 


Speeg KV, Leighton JA, Maldonado AL. Toxic delirium in a patient taking 
amantadine and trimethoprim-sulfamethoxazole. Am J Med Sci. 1989; 
298:410-2. 


Sandson NB, Armstrong SC, Cozza KL. An overview of psychotropic 
drug-drug interactions. Psychosomatics. 2005; 46:464-94. 


Freeman BD, Dixon DJ, Coopersmith CM et al. Pharmacoepidemiology of 
QT-interval prolonging drug administration in critically ill patients. 
Pharmacoepidemiol Drug Saf. 2008; 17:971-81. 

Nachimuthu S, Assar MD, Schussler JM. Drug-induced QT interval 
prolongation: mechanisms and clinical management. Ther Adv Drug Saf. 
2012; 3:241-53. 


Rapaport MH. Dietary restrictions and drug interactions with monoamine 
oxidase inhibitors: the state of the art. J Clin Psychiatry. 2007; 68:42-6. 


Kulkarn C, Joseph T, David J. Influence of adenosine receptor 
antagonists, aminophylline and caffeine, on seizure protective ability of 
antiepileptic drugs in rats. Indian J Exp Biol. 1991; 29:751-4. 

Cysneiros RM, Farkas D, Harmatz JS et al. Pharmacokinetic and 
pharmacodynamic interactions between zolpidem and caffeine. Clin 
Pharmacol Ther. 2007; 82:54-62. 

Luszezki JJ, Zuchora M, Sawicka KM et al. Acute exposure to caffeine 
decreases the anticonvulsant action of ethosuximide, but not that of 
clonazepam, phenobarbital and valproate against pentetrazole-induced 
seizures in mice. Pharmacol Rep. 2006; 58:652-9. 


119 


ee 


98. 


99. 


100. 


101. 


Iz. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


Lid. 


Eph, 


Seden K, Dickinson L, Khoo S et al. Grapefruit-drug interactions. Drugs. 
2010; 70:2373-407. 


Bressler R. Grapefruit juice and drug interactions. Exploring mechanisms 
of this interaction and potential toxicity for certain drugs. Geriatrics. 
2006; 61:12-8. 


Lilja JJ, Neuvonen M, Neuvonen PJ. Effects of regular consumption of 
grapefruit juice on the pharmacokinetics of simvastatin. Br J Clin 
Pharmacol. 2004; 58:56-60. 


Bosworth HB, Granger BB, Mendys P et al. Medication adherence: a call 
for action. Am Heart J. 2011; 162:412-24. 


World Health Organization. Adherence to long-term therapies: evidence 
for action. Geneva: World Health Organization; 2003. 


Osterberg L, Blaschke T. Adherence to medication. N Engl J Med. 2005; 
353:487-97. 


Marcum ZA, Sevick MA, Handler SM. Medication nonadherence: a 
diagnosable and treatable medical condition. JAMA. 2013; 309:2105-6. 


Zedler BK, Kakad P, Colilla S et al. Does packaging with a calendar 
feature improve adherence to self-administered medication for long-term 
use? A systematic review. Clin Ther. 2011; 33:62-73. 


Haynes RB, Ackloo E, Sahota N et al. Interventions for enhancing 
medication adherence. Cochrane Database Syst Rev. 2008:Cd000011. 


Bryant J, McDonald VM, Boyes A et al. Improving medication adherence 
in chronic obstructive pulmonary disease: a systematic review. Respir 
Res. 2013; 14:109. 

National Coordinating Council for Medication Error Reporting and 
Prevention. About medication errors. http://www.nccmerp.org/about- 
medication-errors (accessed 2017 Nov 7). 

Carmichael JN, Jones WN. Medication therapy and patient care. In: 
Brown TR, ed. Handbook of institutional pharmacy practice. Bethesda, 
Maryland: American Society of Health-System Pharmacists; 2006. 

Choi I, Lee SM, Flynn L et al. Incidence and treatment costs attributable to 


medication errors in hospitalized patients. Res Social Adm Pharm. 2016; 
12:428-3. 


McClead RE Jr, Catt C, Davis JT et al. An internal quality improvement 
collaborative significantly reduces hospital-wide medication error related 
adverse drug events. The J Pediatr. 2014; 165:1222-9.e1221. 


Leape LL, Bates DW, Cullen DJ et al. Systems analysis of adverse drug 
events. ADE Prevention Study Group. JAMA. 1995; 274:35-43. 


120 


Itz 


ih3, 


114. 


LS. 


Oty 


ATT: 


118. 


119. 


120. 


i? 


122; 


123. 


124. 


125. 


Bates DW, Cullen DJ, Laird N et al. Incidence of adverse drug events and 
potential adverse drug events. Implications for prevention. ADE 
Prevention Study Group. JAMA. 1995; 274:29-34. 


National Coordinating Council for Medication Error Reporting and 
Prevention. NCC MERP Index for Categorizing Medication Errors. 
http://www.nccmerp.org/sites/default/files/indexBW2001-06-12.pdf 
(accessed 2017 Nov 7). 


Waeschle RM, Bauer M, Schmidt CE. Errors in medicine: Causes, impact 
and improvement measures to improve patient safety. Anaesthesist. 2015; 
64:689-704. 


Wittich CM, Burkle CM, Lanier WL. Medication errors: an overview for 
clinicians. Mayo Clin Proc. 2014; 89:1116-25. 


Ferner RE. The epidemiology of medication errors: the methodological 
difficulties. Br J Clin Pharmacol. 2009; 67:614-20. 


Johnson JA, Gong L, Whirl-Carrillo M et al. Clinical Pharmacogenetics 
Implementation Consortium Guidelines for CYP2C9 and VKORCI 
genotypes and warfarin dosing. Clin Pharmacol Ther. 2011; 90:625-9. 


Caudle KE, Rettie AE, Whirl-Carrillo M et al. Clinical pharmacogenetics 
implementation consortium guidelines for CYP2C9 and HLA-B genotypes 
and phenytoin dosing. Clin Pharmacol Ther. 2014; 96:542-8. 


Scott SA, Sangkuhl K, Stein CM et al. Clinical Pharmacogenetics 
Implementation Consortium guidelines for CYP2C19 genotype and 
clopidogrel therapy: 2013 update. Clin Pharmacol Ther. 2013; 94:317- 
23. 

Madadi P, Amstutz U, Rieder M et al. Clinical practice guideline: 
CYP2D6 genotyping for safe and efficacious codeine therapy. J Popul 
Ther Clin Pharmacol. 2013; 20:e369-96. 

Relling MV, Gardner EE, Sandborn WJ et al. Clinical pharmacogenetics 
implementation consortium guidelines for thiopurine methyltransferase 
genotype and thiopurine dosing: 2013 update. Clin Pharmacol Ther. 2013; 
93:324-5, 

Etienne-Grimaldi MC, Boyer JC, Thomas F et al. UGT1A1 genotype and 
irinotecan therapy: general review and implementation in routine practice. 
Fundam Clin Pharmacol. 2015; 29:219-37. 

Salazar-Paramo M, Rubin RL, Garcia-De La Torre I. Systemic lupus 
erythematosus induced by isoniazid. Ann Rheum Dis. 1992; 51:1085-7. 
Stumpf JL. Fatal hepatotoxicity induced by hydralazine or labetalol. 
Pharmacotherapy. 1991; 11:415-8. 

Wilke RA, Ramsey LB, Johnson SG et al. The clinical pharmacogenomics 
implementation consortium: CPIC guideline for SLCOIBI1 and 


Al 


126. 


127. 


128. 


129; 


130. 


W312 


132. 


133. 


134. 


135. 


136. 


137. 


138. 


simvastatin-induced myopathy. Clin Pharmacol Ther. 2012; 92:112-7. 


Relling MV, McDonagh EM, Chang T et al. Clinical Pharmacogenetics 
Implementation Consortium (CPIC) guidelines for rasburicase therapy in 
the context of G6PD deficiency genotype. Clin Pharmacol Ther. 2014; 
96:169-74. 


Martin MA, Hoffman JM, Freimuth RR et al. Clinical Pharmacogenetics 
Implementation Consortium Guidelines for HLA-B Genotype and 
Abacavir Dosing: 2014 update. Clin Pharmacol Ther. 2014; 95:499-500. 


Saito Y, Stamp LK, Caudle KE et al. Clinical Pharmacogenetics 
Implementation Consortium (CPIC) guidelines for human leukocyte antigen 
B (HLA-B) genotype and allopurinol dosing: 2015 update. Clin 
Pharmacol Ther. 2016; 99:36-7. 


Brosen K. Differences in interactions of SSRIs. J/nt Clin 
Psychopharmacol. 1998; 13:S45-47. 


Liu P, Foster G, LaBadie RR et al. Pharmacokinetic interaction between 
voriconazole and efavirenz at steady state in healthy male subjects. J Clin 
Pharmacol. 2008; 48:73-84. 


Jeong S, Nguyen PD, Desta Z. Comprehensive in vitro analysis of 
voriconazole inhibition of eight cytochrome P450 (CYP) enzymes: major 
effect on CYPs 2B6, 2C9, 2C19, and 3A. Antimicrob Agents Chemother. 
2009; 53:541-51. 

Black DJ, Kunze KL, Wienkers LC et al. Warfarin—fluconazole. A 
metabolically based drug interaction: in vivo studies. Drug Metab Dispos. 
1996; 24:422-8. 

Ochs HR, Greenblatt DJ, Roberts GM et al. Diazepam interaction with 
antituberculosis drugs. Clin Pharmacol Ther. 1981; 29:671-8. 

Desta Z, Soukhova NV, Flockhart DA. Inhibition of cytochrome P450 
(CYP450) isoforms by isoniazid: potent inhibition of CYP2C19 and 
CYP3A. Antimicrob Agents Chemother. 2001; 45:382-92. 

Drake WM, Gordon GD. Heart block in a patient on propranolol and 
fluoxetine. Lancet (London, England). 1994; 343(8894):425-6. 

Loi CM, Day JD, Jue SG et al. Dose-dependent inhibition of theophylline 
metabolism by disulfiram in recovering alcoholics. Clin Pharmacol Ther. 
1989; 45:476-86. 


Upton RA. Pharmacokinetic interactions between theophylline and other 
medication (Part I). Clin Pharmacokinet. 1991; 20:66-80. 

Lee AJ, Maddix DS. Rhabdomyolysis secondary to a drug interaction 
between simvastatin and clarithromycin. Ann Pharmacother. 2001; 35:26- 
31. 


122 


139. Stirling CM, Isles CG. Rhabdomyolysis due to simvastatin in a transplant 
patient: Are some statins safer than others? Nephrol Dial Transplant. 
2001; 16:873-4. 

140. Wagner J, Suessmair C, Pfister HW. Rhabdomyolysis caused by co- 
medication with simvastatin and clarithromycin. J Neurol. 2009; 
256:1182-3. 


123 





~~)» 


Nt 


Ud 


Ks 






\ 
~ 





_ 


Jo ~ 
mA 


lie 


CHAPTER 4 


Postmarketing Surveillance for Drug- 
Induced Diseases 


Tobias Peschel and Hugh H. Tilson 


The job of ensuring safe therapeutics extends far beyond the drug development, 
premarketing period. Sustained postmarketing monitoring (surveillance) activities 
are critically important because premarketing investigation alone cannot define 
completely the safety profile of a drug. Responsibility for overseeing postmarketing 
surveillance falls to the U.S. Food and Drug Administration (FDA) in the United 
States (and comparable divisions of regulatory agencies around the world). 
However, as in all public health enterprises, the work of postmarketing 
surveillance is shared by the full spectrum of the healthcare enterprise—from the 
patient and the individual prescriber, academia and healthcare organizations, to the 
manufacturer and regulatory agencies. Postmarketing attention to drug-induced 
diseases encountered in day-to-day practice is the responsibility of every 
healthcare practitioner and his or her patients. Independent clinical observations 
and voluntary reporting to manufacturers and regulatory agencies are at the heart of 
population-level surveillance. However, systems that rely solely on individual 
observation and voluntary reporting fall short. No individual clinician or patient 
can be expected to recognize rare drug-associated events and unusual patterns from 
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limited individual experience. Thus, more structured population-based programs of 
postmarketing surveillance for drug-induced diseases, including structured 
epidemiological studies, are essential components of our nation’s broader public 
health efforts. The promise of larger and more accessible population-based data for 
this purpose is great but requires concerted effort to ensure acceptable population- 
level protections. 


RECOGNIZING THE LIMITS OF 
PREMARKETING DATA 


When a drug is approved for marketing under the provisions of the Food, Drug, and 
Cosmetic Act (FD&C Act), or abroad under similar laws around the world, the 
product is deemed to meet several official requirements, which often are stated in 
shorthand as “safe and effective.” However, the meaning of that phrase is widely 
misinterpreted. There 1s not a broad understanding among the medical community of 
the burden of proof required to obtain FDA approval to market a drug. 


The sponsor of the New Drug Application (NDA) must demonstrate that the 
product is efficacious, usually through well-controlled studies. The approval 
processes around the world typically require completion of two randomized, 
blinded, well-controlled clinical trials, with clear separation of efficacy endpoints 
against placebo when possible or against a rigorous, appropriate standard 
intervention that is already approved.'! Thus, the sizes of the preapproval 
populations under observation are driven by the power of trials to achieve these 
requirements. Far less clear are the preapproval standards for proof of a new 
drug’s safety, distinct from its efficacy. In general, the profile of adverse effects 
associated with the agent, both self-limiting side effects and serious unexpected and 
untoward effects induced by the drug, must be such that the threat of these adverse 
effects is not proven to outweigh the drug’s likely benefit. Practicality and necessity 
often temper the stringency of this requirement in a number of ways. Generally, the 
number of persons exposed to a new drug before approval for marketing is granted 
may be as few as 2,000 or 3,000.! Indeed, it can be even only a few hundred 
individuals in the case of orphan drug designation for the treatment of a rare, 
“orphan” condition. Under these circumstances, the apparent absence of 
unacceptably frequent or intolerably severe adverse outcomes of treatment can 
provide only statistical assurance that the likelihood of such drug-induced illnesses, 
if they exist, is less than about 1/1,000. Moreover, the duration of such preapproval 
studies is generally only as long as 1s needed to comply with FDA requirements to 
meet the prespecified endpoints for efficacy. Thus, the occurrence of an excess of 
heart attacks following 18 months of therapy could not be detected even in a 
relatively large preapproval database of studies of 12-month duration. These 
limitations could be expressed as the Rule of Too: to depict population level safety, 
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the preapproval experience alone is too small, too brief, too healthy, and too 
homogeneous. Absence of data does not prove absence of a problem. 


The research environment of the randomized, blinded, well-controlled study 
further limits what we can know about the new drug’s performance in wider 
clinical use following its approval. Naturally, preapproval studies generally are 
conducted under tightly controlled circumstances, with carefully designed protocols 
that exclude patients who appear to present the threat of confusing results. These 
can include patients affected by concurrent illnesses, taking concomitant 
medications, and with specific risk factors, or patients belonging to potentially 
risky population strata, such as the poor, ethnic minorities, children, pregnant 
women, and the elderly. 


In summary, our understanding of the probability (risk) of incurring a drug- 
induced disease from a newly approved drug is limited by the nature of the system 
for premarketing study and the approval process. 


THE NEED FOR POPULATION-BASED 
SURVEILLANCE FOLLOWING MARKETING 


Systematic approaches to detection, quantification, and education concerning drug- 
induced disease following marketing have emerged only relatively recently with the 
advent of clinical trials approximately 50 years ago. Then, as now, the medical 
community educated itself largely by means of the published word, via clinical and 
scientific journals. Before randomized, controlled clinical trials were introduced, 
this “education by publication” typically took the form of anecdotal case histories, 
describing incidents of illness following drug therapy, where the drug was blamed 
for the undesired outcome. As part of the reform of the FD&C Act, voluntary 
reporting of such experiences to the FDA or the manufacturer was introduced as a 
fledgling surveillance system. The logic for such a system is that the only way to 
know of potential drug-induced problems that are unlikely to be detected in the 
preapproval drug development process is to monitor real-world experience after 
introduction of those products into the marketplace. 


The cornerstone of population-based surveillance for medication-induced 
illness, as with public health monitoring of many emerging problems, is the 
technique of encouraging all practitioners to participate in a system of spontaneous 
voluntary reporting. Here the logic 1s to invite a heightened awareness, particularly 
regarding new drugs, that adverse outcomes following therapy—particularly those 
that are otherwise unexpected—may be attributable to the therapy. Therefore, if 
there is any index of suspicion, any member of the medical team, as well as the 
patient or his or her family, is encouraged to report, albeit on a voluntary basis. 


Clinical detection of any single drug-induced disease or injury in a single 
patient may be extremely difficult. An immediate anaphylactic reaction to a drug 
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may leave no doubt about its attribution. However, in most cases, drug-induced 
illness does not manifest itself differently or in dramatic ways from any illness that 
may be observed in a physician’s office or pharmacist’s practice. Sudden death, 
liver or kidney disease, encephalopathy, myocardial infarction, and other events 
may occur without any likely precipitating event or exposure. Even Stevens- 
Johnson syndrome, often thought of as a classic drug-induced disease, has as its 
two most frequent causes—“cause not apparent’ and viral infection—with drug- 
induced problems listed third.? Thus, the experiences of the individual clinician 
alone are inadequate for providing information about population-level issues 
regarding drug-induced disease, such as prevalence, likely presentation, resolution, 
and long-term consequences. On one hand, a clinician witnessing one or two 
dramatic adverse events following the use of a specific drug may consider that drug 
a “bad actor” when the events may have been a rare coincidence or perhaps not 
drug-related at all. On the other hand, having never had a problem with the drug 
may simply be a function of the rarity of the drug-induced illness, the luck of the 
draw, or a failure to link the kidney disease in a patient or two with the drug or 
drugs they were taking. There is, in short, no substitute for population-level 
surveillance to determine the presence or absence of relatively rare problems or an 
increase in the rates of occurrence of otherwise not-so-rare adverse events over 
baseline. Thus, as in other public health enterprises, the aggregate experience in a 
population serves as the most effective sentinel or signaling tool for possible 
problems. 


THE SPONTANEOUS REPORTING SYSTEM IN 
AMERICA 


In this book, we differentiate between adverse drug reactions (ADRs), also 
referred to as adverse effects or side effects, and drug-induced disease. However, 
in every sense, the latter are a subset of the former. Thus, our primary system for 
detecting and tracking drug-induced diseases at the national level is_ the 
spontaneous adverse reactions reporting system (SRS), which is the nation’s system 
for tracking all ADRs. Many have criticized the system as a “nonsystem,” 
comprising a loosely administered chain of events in which those in positions to 
detect ADRs—the patients and the clinicians who work with them—are 
encouraged, voluntarily and without incentive, to call such incidents to the attention 
of those who are in a better position to assemble, analyze, and act on the ADRs. 
Indeed, the activities constituting the SRS are not systematic and are not integrated 
into the rest of the nation’s systems of public health and safety surveillance and 
intervention/protection. As a result, the protections that this component of the 
nation’s surveillance systems may provide are not guaranteed. 
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For the system to effectively capture and apply data concerning ADRs, a certain 
chain of events must transpire. Someone must detect that an adverse event has 
occurred in association with a drug exposure (an adverse drug event, or ADE) and 
must suspect that the adverse event might be causally associated with a drug 
exposure, converting the experience from an ADE to a suspected ADR.* This 
detection and interpretation must then be translated into action—the act of reporting 
the event, usually to an unseen, remote recipient. This event must be communicated 
to someone in the system who decides whether to incorporate it with information 
from other major sources—in the United States, typically either a government 
agency such as the FDA’s MedWatch system, the Vaccine Adverse Event Reporting 
System, or one or more intermediaries. The primary such intermediary in the United 
States is the research-based, brand name pharmaceutical company. Pharmaceutical 
manufacturers receive, process, manage, analyze, and report well over 80% of all 
ADRs that eventually come to the attention of the FDA.* For manufacturers, further 
ADR reporting spontaneously and voluntarily from the field is mandatory. 


In principle, the SRS also could recognize unintended but positive effects such 
as the unexpected hair growth observed with minoxidil, which led to the 
development of Rogaine and the sustained penile erection observed as an 
unexpected side effect of an antihypertensive drug, which eventually became 
sildenafil (Viagra). Bleeding reported following aspirin use led to eventual 
understanding of its cardioprotective effects. 


THE ACTORS AND THEIR ROLES 


It is worthwhile to examine the roles of each of the personal “actors” and the 
processes involved in the postmarketing surveillance process and explore some of 
the challenges involved in linking them into an effective system. 


THE CLINICIAN 


The point of departure for surveillance in the SRS is the reporter—the person, 
usually a clinician, who recognizes that something untoward, unexpected, and 
generally unwanted has occurred and suspects that the event is associated with a 
drug. A patient can introduce this information into the SRS either by reporting it 
directly to the manufacturer or a regulatory agency via a consumer report or by 
seeking medical care and calling it to the attention of the provider. Most providers 
—physicians, nurses, dentists, and pharmacists—claim they have not been trained 
sufficiently in the detection, management, and reporting of ADRs to function 
effectively as reporters in this system. Indeed, most indicate they have not reported 
a single ADR in the past year and they would not know how to report one if 
necessary. Moreover, most providers state they see very few ADRs in their 
practice despite the nature and frequency of drug-associated adverse events. Many 
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health profession educators attribute the lack of awareness of ADR prevalence on 
the failure of health curricula to educate emerging clinicians on the critical balance 
between a systems-thinking sensibility and the traditional art-and-science approach. 
More recently, the Association of American Medical Colleges has acknowledged 
the lack of broad consensus around the competencies required to be taught in 
professional education for effective participation in the nation’s drug safety system. 
Epidemiology and statistical/probabilistic thinking are important competencies. 
The result has been a far-reaching comprehensive inventory of such competencies 
to be incorporated in all training programs.> 


It also must be noted that very few drug-induced diseases are unique clinical 
entities. Rather, drugs are partially or broadly responsible for causing or 
aggravating many common clinical conditions. Identifying drugs as a potential 
cause requires complex clinical analysis. Furthermore, the drug may have been 
obtained through another prescriber, self-prescribed from the home medicine 
cabinet, or combined with an alternate or complementary medicine (prescribed or 
otherwise) or an unusual or unexpected dietary pattern. The patient may not have 
adhered to the recommended regimen, resulting in overdosing, underdosing, or 
(most commonly) episodic dosing, the latter two resulting in the adverse outcome 
of unexpected or periodic treatment failure. The patient may not recall fully or 
accurately which medications he or she has taken, or in what quantity, or in the case 
of illicit drug use, may not wish to disclose it. And, of course, the patient is 
generally taking medications to treat an underlying or coincident/concomitant 
illness, the progression of which may be confused with the drug-attributable illness. 
Clearly, identifying or preventing drug-induced disease requires a partnership 
between patient, physician, and pharmacist based on full disclosure, open 
discussions, and awareness of potential risk factors. 


The clinician must not merely recognize the illness, but also must go through the 
process of differential diagnosis and analyses of potential underlying or 
precipitating factors other than drugs, after which the potential role(s) of drugs in 
disease need to be considered. This is no easy task, particularly given that the 
complexities of clinical pharmacology are themselves rapidly evolving. Having 
made a provisional association between drug and disease, the first concern of the 
treating provider is to remove and/or counter the offending agent. Simply achieving 
this goal easily can occupy the whole of a 15-minute patient visit, without the 
burdensome administrative tasks of reporting to some invisible and remote third 
party. No economic incentive exists to do so either, as voluntary reporting 1s 
expected to be done pro bono. Indeed, reporting an incident likely will generate 
subsequent questions and requests for more data from the agent receiving the report, 
creating a potentially significant inconvenience, which could discourage reporting. 
In the wake of the Institute of Medicine’s (IOM; now the National Academy of 
Medicine) Zo Err Is Human report, we are admonished not to “name, blame, or 
shame” those who report and attempt to repair errors (in this case in prescribing, 
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warning, or monitoring).° Nevertheless, admitting to a decision that caused an 
adverse outcome could result in a lawsuit or other censure. Widespread physician 
dread of current tort law and widespread stories of unjustified legal settlements 
does little to allay this anxiety or encourage reporting. The extent to which these 
barriers contribute to under-reporting is not known. Based on populations 
monitored prospectively and objectively, the under-reporting ratio for severe or 
serious ADRs (actual illnesses induced by medications) is estimated to be tenfold 


or worse.’ 


THE PATIENT 


The patient is the point of departure for the postmarketing surveillance system. 
Preventing drug-induced disease in the individual patient through awareness of the 
likely consequences of specific circumstances, such as risk factors and drug 
interactions, requires a partnership between the physician, pharmacist, and patient 
and must include full disclosure, open discussion, and awareness of potential risks. 
In addition, the patient may be a direct reporter of potential drug-induced disease. 
The SRS receives reports from patients or their advocates every day; up to 20% of 
reports are from patients/consumers.® Although good surveillance practice 
recommends that patients be referred to a primary caregiver when making a report 
directly, the Council for International Organizations of Medical Sciences (CIOMS) 
working group concluded that it is the quality of the report and not the nature of the 
reporter that is essential.? Thus, while in Europe, until recently, consumer reports 
were generally not included in the SRS, consumer reports have been included for 
many years in the United States and Canada. The newly emerging European 
Guidance aligns with these approaches.'? Thus, patient education regarding 
potential drug-induced illness and heightened awareness of reporting avenues and 
action result in a stronger likelihood that the SRS will learn about important drug- 
induced diseases directly from the patient. 


THE MANUFACTURER 


In the United States, a much misunderstood and generally underestimated factor in 
the SRS is the role of the entity marketing the drug (particularly in the early stages 
of marketing)—the research-based pharmaceutical company. In the regulatory 
context, these companies also are referred to as sponsors because they sponsor 
NDAs. The sponsor is responsible, under federal law, for compliance with all 
applicable federal regulations relating to the safety, efficacy, and purity of its 
products. These requirements include the conduct of regular ongoing product 
surveillance.!! Under these provisions, the sponsor is expected to maintain 
vigilance regarding the safety of its products, including receipt, management, and 
further reporting of all ADRs from any source, including the published literature, 
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ongoing clinical trials, and, primarily, the reporters who use, manage, and 
prescribe their products, as described above. Under the applicable regulations, 
sponsors are expected to maintain a program that provides an immediate review of 
any report received from any source, and they can differentiate the serious event 
from the nonserious. These tasks and definitions are carefully defined in FDA 
regulation and the subject of the CIOMS international consensus reports and 
international management agreements under the International Conferences on 
Harmonization. 


Any report that comes to the company’s attention through a spontaneous, 
voluntary report or product complaint is considered, by definition, potentially 
attributable to the product(s) involved. If the report also meets the criteria for 
serious or potentially serious effects and involves one or more 
events/signs/symptoms that are outside the specific listings in the approved product 
label (1.e., “unexpected”), such a report must be transmitted to the regulatory 
authority immediately.!! This requirement is not limited to the United States as the 
regulations speak specifically to products sold anywhere in the world. Thus, any 
report documenting a serious event outside the product label (unexpected, 
unlabeled, or unlisted, and received by the company, its affiliate, or its agent 
anywhere the drug is marketed) requires immediate transmittal to FDA. 
Furthermore, such cases also require sponsors to analyze the completeness of the 
description carefully and follow up on incomplete data or information needed to 
ascertain severity and outcome with serious drug-associated illness. Regulatory 
definitions clearly distinguish between severity (the extent or intensity of the event) 
and seriousness (the medical impact of the event and its associated outcomes, 
including the potential for hospitalization or death if not adequately treated). 
Enough information is needed to help with causality assessments for the individual 
case and risk factor assessment for evolving case series. This latter requirement 
results in contacting the reporting practitioner for more information. The CIOMS 
Working Group has outlined best practices for pharmacovigilance to provide 
guidance for sponsors in their vital roles in this public health paradigm.’ These best 
practices include regular, scheduled, comprehensive reviews of each of their 
products. The sponsor prepares a summary report for every drug, currently known 
as a Periodic Safety Update Report, which describes the overall experience over a 
particular period of time and in the population under surveillance. 


The modern scientific research-based pharmaceutical company provides a 
broad spectrum of services to the healthcare community, including drug information 
services that constitute a primary interface between the company and healthcare 
practitioners. A physician, nurse, dentist, or pharmacist may contact the company 
for information regarding its products and accumulated reported clinical 
experiences or new information regarding their use. Typically, the purpose of the 
call is not really to report anything but to learn more about the drug product in 
question and its use. It is a requirement that the contact be viewed as spontaneous 
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and that information about associated adverse events mentioned by the reporter be 
considered possible ADRs. In fact, it is not infrequent that during the course of such 
calls an ADR is revealed. Thus, the better the drug information system, the more 
calls it receives, and more reports of potential ADRs are generated. This process 
can introduce significant bias by creating an artifact in the numerator as one attempt 
to evaluate the relative incidence of ADRs is associated with a particular drug. As 
communications using web-based social media increase, the reporting criteria for a 
drug-induced disease will require careful scrutiny and regulatory clarification. 


THE REGULATORY AUTHORITY 


Ultimately, all ADR reports arrive at the responsible regulatory authority office, 
either by direct submission (although this is becoming less common) or through the 
responsible intermediary, the sponsor company. In the U.S. public health model, the 
role of the government is to ensure conditions in which people can be healthy, a 
role that requires healthy and active partnerships between government and the 
private sector, which in this case is the regulated pharmaceutical industry.!* In 
recent years, regulatory agencies around the world communicate with each other 
and share information about drug-induced diseases reported to them. Within the 
FDA rules, companies notified from abroad are required to handle and report these 
ADRs as they would domestic reports. The challenge of managing duplicate 
reporting from multiple sources is always present in the FDA’s approach to data 
management and analysis. 


The FDA is the ultimate arbiter of a company’s adequacy concerning 
compliance activities, both on a macro report-by-report level and overall as a 
partner in public health protection. Each report receives triage in the agency. 
Serious reports, such as those describing reactions most likely to result in drug- 
induced disease or injury, receive priority attention, particularly those that also 
qualify as unexpected. Each sponsor also receives compliance oversight from the 
agency, including a program of FDA site visits and compliance audits to ensure an 
intact reporting system with full transparent disclosure from sponsor to agency. 


Attribution of a problem being considered for an ADR report requires the 
clinician to consider the possibility of a causal relationship to a drug, in the context 
of multiple other possible causal explanations for the same events. Rarely 1s such a 
causal relationship unambiguous. Rather, the clinician must apply complex logic, 
including consideration of the timing of the event, the presence of other possibly 
causal exposures, the natural history of the underlying disease, and so forth. The 
SRS operates on the fundamental assumption that a report would not present to the 
system unless a reporter had some concern or suspicion about a possible causal 
relationship to the drug. Thus all SRS reports are considered possibly attributable. 
The evolution of the system, however, brings this assumption into question. More 
and more, for example, information comes to the attention of the system because of 
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proactive study or detailed information seeking in association with an individual 
report or engagement with social media. This challenges scientists and 
practitioners involved in the science of surveillance to differentiate between truly 
spontaneous and possibly attributable reports and those reports that are elicited. 


The pivotal role of the FDA in this public health system has made it particularly 
vulnerable to public criticism. Recent concerns about unexpected serious drug- 
induced diseases being undetected for too long (e.g., cardiovascular disease 
associated with rofecoxib and celecoxib, suicides associated with selective 
serotonin receptor inhibitors) resulted in the FDA Commissioner’s request to the 
IOM of the National Academies of Science to conduct a thorough ongoing study of 
the system and the FDA’s roles and contributions. In its landmark report, The 
Future of Drug Safety, the IOM calls for sweeping reforms in the way FDA 
approaches its roles, and specifically defines the critical changes necessary to 
promote the creation of a new “culture of drug safety.”!° In this new culture, public 
health efforts at detection of and protection against drug-induced diseases must 
assume a position equal in importance to those of the review and approval of new 
drugs. 


THE SCIENCE OF SURVEILLANCE 


SPONTANEOUS REPORTING 


Surveillance is one of the tools of epidemiology, the fundamental science of public 
health, and the core tool for public health assurances in the pharmaceutical sector. 
Paradoxically, the surveillance activities in this sector are separated from those at 
work throughout the rest of the public health landscape. Most public health 
surveillance activities in the United States are a function of state and local public 
health agencies. Surveillance information about acute diseases of epidemic 
potential 1s consolidated and managed by each of the 50 states and forwarded to the 
Centers for Disease Control and Prevention (CDC) for aggregation and national 
reporting through such vehicles as the Morbidity and Mortality Weekly Report, 
and, more recently, the Health Alert Network. 


By accident of historic evolution, surveillance for drug safety, and more 
recently for medication errors, has been handled in the parallel universe of 
pharmaceutical manufacturers and the FDA. The tools and their applications, 
however, are remarkably similar to those used in other sectors of public health. 
Each system designates events of interest. In the case of the CDC, these are 
reportable suspected cases of infection of epidemic potential, or more recently, 
conditions of potential for chronic disease epidemics. For the FDA, they are 
suspected cases of drug-induced disease that could signal potential problems for 
others taking the drug. Each surveillance system (1) attempts to learn as much about 
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each case as is feasible within the constraints of voluntary reporting; (2) seeks to 
discern aspects of the case that might give an indication of unusual or unique 
circumstances (risk factors) to aid in understanding the extent of risk to others; and 
(3) attempts to develop some estimate of the frequency and evolution of the cases to 
define the gravity of the public health threat. Thus, a central requirement of both 
surveillance systems is the participation of well-trained, vigilant public health 
professionals. These professionals ensure that case reports are analyzed singly and 
in aggregate by the trained eyes of those who understand the subtleties of 
epidemiologic signaling systems and can detect patterns and parallels of data 
gathered from disparate sources. 


INDIVIDUAL CASE AND POPULATION-BASED 
ANALYSIS 


The report rate 1s a key subtlety of the system. Rate calculations require both a 
numerator (the reported cases) and a denominator (the exposed population). 
Calculating these elements within a voluntary reporting framework is an 
intrinsically uncertain process. Whenever surveillance data are accumulated under 
such voluntary circumstances, inevitably many variations exist in what is reported. 
When, by whom, to whom, and how reports are submitted become critical elements 
in surveillance analysis. Put another way, the surveillance numerator, based on 
voluntary reports, captures a further subset of all such events—those the physician 
or pharmacist are willing to take the time and trouble to report from among the 
larger subset of events. Various environmental factors influence reporting and, 
consequently, may periodically and temporarily change the signaling capacities of 
the system. A recent journal or newspaper report can cause a cascade of interest 
and reports from the field, and the passage of time is a well-known cofactor of 
declining interest in reporting. The emergence of drug information services within 
industry compounds the challenge and impacts the numerator as described above. 


Calculating the denominator—the population exposed to a drug—also is a 
challenge. Many drugs are “sold” from company to distributor but remain 
somewhere in the supply pipeline not yet available to patients. Much is prescribed 
but never dispensed; much is dispensed but never taken. Therefore, efforts to 
estimate the population exposed requires sophistication and estimates must be used 
carefully and with many caveats. Thus, the surveillance practitioner must be trained 
carefully to understand and recognize these factors when attempting to generalize 
from individual reports to a concern about increased incidence of such reports over 
a population-expected baseline. The trained professional in the drug-induced 
disease world refers to reports rates and not incidence when discussing these 
reports and their trends. 
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PROACTIVE/SENTINEL SURVEILLANCE 


Because of the weaknesses in the existing SRS, many have suggested a more 
aggressive effort at monitoring populations using methods beyond voluntary 
reporting, once again turning to the time-honored methods of public health 
epidemiology. The field specializes in epidemiologic population-based research 
methods coupled with public health approaches to spontaneous reports, which has 
been termed pharmacoepidemiology.'*'> Intensive inpatient monitoring, the first 
major such scheme, was very productive in detecting unexpected increases in the 
frequencies of otherwise expected diseases in association with drug use, permitting 
statistical associations to generate signals.!° However, such systems have proven 
expensive and limited in numbers of individuals exposed, particularly with new 
drugs, and have fallen into disuse except as ad hoc studies focused on specific new 
drugs with an intense effort to discover the degree of exposure nationwide. 


LARGE AUTOMATED MULTIPURPOSE 
POPULATION-BASED SYSTEMS 


Contemporary healthcare operates within a continuing revolution in medical 
informatics, fueled by the advent of large automated databases that support 
automated medical records, computerized prescribing, and wireless hand-held 
devices in ambulatory medical practice. As a result, many large components of the 
healthcare delivery system have automated data describing every drug prescribed, 
every subsequent major diagnosis associated with a hospitalization (admission and 
discharge), and, of course, longer term monitoring for late or latent outcomes 
available to them. These data sets are known as large automated multipurpose 
population-based systems (LAMPS). LAMPS already have amply demonstrated 
their value as tools for the pharmacoepidemiologist to use when conducting formal 
observational studies to test signals from other systems, such as the SRS. 


LAMPS, however, have several critical limitations as surveillance tools. The 
power of a signal generator is tied directly to the size of the exposed population. 
Thus, a database owned by a single health maintenance organization (HMO), even 
one reflecting the medical transactions of millions of enrolled individuals, may not 
include enough exposures to any single drug to detect any but the most commonly 
associated drug-induced diseases. This includes any new drug in the early phases 
of marketing and is particularly true in key population subgroups for which a 
possible increased risk of medication-induced illness may occur. 


Public health objectives must be kept clearly in view. Society has the 
responsibility to monitor for drug-induced diseases that are sufficiently severe to 
create an unacceptable burden on individuals or that are serious and frequent 
enough to create a public health burden. For the former, a system to detect the very 
rare but unacceptably severe reaction is needed. For this, the SRS, with all of its 
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faults, is the only existing tool that can be considered adequate. But for the latter, 
monitoring and quantitating the occurrence of excess medical adversity risk and 
documenting excess morbidity, mortality, and cost to society will permit us to 
accomplish society’s public health surveillance tasks. With these objectives clearly 
in mind, the IOM called for the aggressive development of programs of automated 
population-based “active surveillance.”!> In response, in the FDA Authorization 
Act (FDAAA; 2007), Congress mandated the FDA to develop a sentinel 
surveillance system based in automated population-based data systems with the 
objective of monitoring a population of 25 million by 2010 and 100 million by 
2012.7 This dramatic vision has spawned major activity across the breadth of the 
public health system, with emerging LAMPS now recognized and harnessed for 
drug safety surveillance as well as research. Major health plans, including United 
Health Care, Wellpoint (Blue Cross/Blue Shield), Aetna, and the collaborative 
HMO Research Network, among others, have made data available to leading 
researchers for such explorations. 


Academia, in its critical role in the public health system, has organized centers 
of excellence, such as the Centers for Education and Research on Therapeutics 
(CERTs) program to assist the FDA in this endeavor.'* The CERTs convened a 
think tank to outline the steps forward.!? Industry, as a key partner in the system, 
organized and funded (through the Foundation for the National Institutes of Health) 
an independent effort at testing new methods for cross-system data summary and 
analysis for prospective (sentinel) development of signals of potential drug- 
induced diseases (the Pharmaceutical Manufacturers’ Association Observational 
Medical Outcomes Program).”° In addition, the FDA itself organized and managed 
a vigorous process for exploring the path to responding to the FDAAA mandate for 
sentinel surveillance, deemed the minisentinel.?! After 5 years of progressive 
growth and proofs of concept, the project was adopted in September of 2014 as a 
standing FDA effort known as the FDA Sentinel Network.”” The network deploys a 
distributed data system from 18 organizations including some of the nation’s largest 
health insurers and various disease registries. The FDA and its collaborator, 
Harvard Medical School, estimate that the system is now capable of monitoring 
drug exposure for 178 million people, with 48 million currently enrolled/treated, 
and a growing ability to link drug exposure with validated medical events data, 
including hospital diagnoses.” 


In addition to ADRs as a result of the drug, it is also important to monitor 
potential harm caused by unintentionally administering the incorrect drug (e.g., due 
to similarities in names or poor legibility of a prescription, or errors along the 
chain from prescription to patient). This special situation of medication errors 
demands a third monitoring method. But what system exists to monitor, compile, 
analyze, and develop proper interventions regarding these errors? Part of the 
nation’s response has been developing institution-based reporting and continuous 
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improvement systems. These are vital because root causes can be locally identified 
and remedied in institutional systems and practices. They are inadequate, however, 
in detecting flaws in product presentation or design, name confusion, look-alike 
packaging, or confusing product information. For these, integration into a more 
comprehensive national detection system is also required. Therefore, several key 
leadership organizations have taken decisive action. Notable among these is the 
MEDMARX system (Quantros, Inc., Milpitas, CA).”* 


THE WAY FORWARD: CAN YOU IMAGINE? 


Protecting society against preventable drug-induced diseases and device- 
associated injury, through early detection of possible problems emerging from 
therapies, is the primary objective of a public health-oriented drug safety 
surveillance system. Such protections require, at the population level, an 
affordable, effective system of monitoring for serious adverse events that occur in 
the population in excess of what would be expected from disease and natural 
causes alone. To achieve this objective, progress is needed on three fronts. First, 
the reporter must be more attuned both to monitoring for possible drug-induced 
illness and to reporting it effectively. Second, the system needs to be more efficient 
in retrieving and managing the resulting data and more effective in harnessing it to 
existing systems of surveillance. Finally, new technologies, made available through 
the rapid dissemination of automation into medical practice, must be harnessed to 
the task effectively. 


These goals, in turn, require three ambitious sets of activity. First, medical, 
pharmacy and other health professionals must do a better job of reaching the 
practitioner with salient messages about drug-induced diseases and with 
convincing efforts to harness the time and energy of the busy practitioner. We need 
to do a better job of incorporating these tasks, and the competencies which underlie 
them, in undergraduate and postgraduate training of our professionals. Continuing 
education credit for participating in the SRS has been suggested as a promising 
incentive. But an even more promising strategy is to make the act of reporting one 
that reaps rewards in terms of useful information to help care for the patient at hand 
and the other patients under the care of the reporter. Can you imagine a truly easy, 
user-friendly, and useful system populated by truly public health-oriented satisfied 
reporters? 


Second, public health agencies, notably the CDC and FDA, working with state 
and local public health surveillance professionals should undertake a thorough and 
systematic examination of existing methods of population-based surveillance to 
better align systems and the incentives to strengthen them. Although the SRS may be 
the most powerful generator of warnings of rare but unacceptable toxicities, better 
integrated and aligned signal generators are needed for drug-induced diseases that, 
while possibly less severe, are occurring at greater frequency in the population at 
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large. Certainly these include preventable errors in the use of medications and their 
avoidable consequences. Can you imagine a truly seamless and integrated system of 
surveillance for al/ problems of public health importance? 


Finally, those working in the field of information technology to support medical 
practice—such as those involved in developing and promulgating the automated 
medical record, personal digital assistant, and other hand-held technologies—need 
to work together to build data systems that are compatible with efficient and 
accurate conduct of the medical purposes for which they are intended. Equally 
critical is the development of data standards and refinements needed to provide the 
public health surveillance system (and, of course, the research enterprise) with the 
data needed to perform these vital functions in a timely, effective, and affordable 
way through the game-changing Sentinel Network project. Can you imagine a 
national surveillance system that does not require therapy team members to report 
information and to recall where to submit it because the automated system that 
supports their transactions can do this for them? Can you imagine a system that 
minimizes the administrative tasks and maximizes patient well-being, perhaps even 
one that is capable of “finding” problems before they become apparent and 
enabling us to prevent them from becoming major public health problems? Please 
imagine these changes as they are vital to a well-functioning integrated, proactive 
system of postmarketing surveillance. True public health protection requires it. 
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CHAPTER 5 


Evaluating Patients for Drug-Induced 
Diseases 


Douglas A. Miller and James E. Tisdale 


As discussed in Chapter 2, there are thousands of drugs and drug products 
available on the market today. Nearly 60% of American adults take at least one 
prescription drug, and 15% take five or more.! In addition, approximately 20% of 
adults in the United States use natural products (herbs and other botanicals and 
enzymes).” These numbers have increased significantly over the last decade due to 
a much higher use of most types of medication. Because almost every drug a patient 
takes has the potential to cause an adverse effect and an associated drug-induced 
disease, the likelihood is quite high that a healthcare practitioner will encounter 
patients with one of these drug-related problems. 


Unfortunately, clinicians are often slow to recognize adverse drug reactions and 
their associated drug-induced diseases. Sometimes they are not recognized at all. 
Patients’ symptoms can easily be confused with those of commonly encountered and 
naturally occurring disease states. Sometimes an adverse drug effect can be 
mistaken for an exacerbation of a patient’s pre-existing condition. As many as 20% 
of marketed drugs cause serious adverse effects not identified prior to approval and 
marketing, and serious adverse events have been reported with 33% of drugs 
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following “fast track” approval by the U.S. Food and Drug Administration (FDA).° 
Despite these difficulties, early detection and correction of drug reactions and 
drug-induced diseases can help reduce morbidity and mortality and is therefore 
critically important. 


Drug reactions can be divided into four general classes*: 


¢ Type A reactions—These reactions are predictable, common, and relate to 
the pharmacological action of the drug. These may include reactions 
associated with drug toxicity or overdose (e.g., acetaminophen-induced 
hepatic failure), side effects (e.g., sedation with antihistamines), secondary 
effects (e.g., diarrhea with oral antibiotics), or drug interactions. 


¢ Type B reactions—These reactions are unpredictable, uncommon, and 
usually not related to the pharmacological actions of the drug. These include 
allergic reactions as well as those reactions generally described as 
idiosyncratic (e.g., primaquine-induced hemolytic anemia in a G6PD 
[glucose-6-phosphate dehydrogenase]-deficient patient). An idiosyncratic 
reaction is defined as an uncharacteristic, nonimmunological response to a 
drug that is not related to its pharmacological actions. 


¢ Type C reactions—These reactions are associated with long-term drug 
therapy (e.g., analgesic nephropathy). 


¢ Type D reactions—These reactions refer to carcinogenic and teratogenic 
effects. 


About 80% of adverse drug reactions are classified as Type A.° Type C and D 
reactions are delayed in onset and rare compared to Type A and B reactions. 


To help ensure that a drug-induced disease is not overlooked in a patient or 
inappropriately attributed to another cause, clinicians must have a high index of 
suspicion where drug therapy is concerned. When a patient presents with a new 
symptom or a symptom that has intensified or changed over time, the clinician must 
at least entertain the notion that the occurrence might be drug-induced. Every drug a 
patient is taking or has recently taken should be considered and ruled out as a 
possible cause. This is easier in some situations and with some drugs and reaction 
types than others. 


PATIENT EVALUATION 


Perhaps the most important tool for evaluating a possible drug-induced disease is 
the medication history. A careful history can yield many clues that will help the 
clinician rule in or rule out a drug-induced disease. Information that should be 
collected as part of the medication history is listed in Table 5-1. Information may 
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be gathered from many sources including the patient, medication containers, a 
spouse or caregiver, the patient’s medical records, or another healthcare provider 
such as the patient’s primary care physician or pharmacist. The accuracy of the 
medication history depends not only on the accuracy of the source data but also on 
the skill and knowledge of the healthcare provider who collects the information and 
puts it all together. Asking the right questions in the right way can elicit information 
regarding a patient’s medication use that otherwise might be overlooked. Table 5-2 
lists suggestions for obtaining an accurate medication history. Information available 
to a physician at the time of admission may be inaccurate and could result in an 
incomplete or inaccurate medication history.°’ Due to more extensive knowledge of 
various drugs and drug products, greater focus on medication therapy issues, and 
access to more information sources, pharmacists often are able to perform more 
complete medication histories.*” 


Information regarding prescription drugs (including any sample medications, 
inhalers, creams, ointments, patches, and medications administered in a physician’s 
office, clinic, or infusion center), over-the-counter (OTC; nonprescription) drugs, 
vitamins, herbals (nutraceuticals, health supplements), and illicit drugs should be 
collected. Smoking history and alcohol use should also be documented. The name 
of each medication, its strength, formulation (tablet, capsule, liquid, extended 
release), dose, route, and frequency should all be recorded. The objective is to 
determine how a medication has actually been used rather than how it was 
prescribed. A precise history of when the medication was started and stopped and 
when the last dose was taken is critical to the investigation of a possible drug- 
induced disease. In some cases, it is important to know not only about current 
medications but also about medications that were taken in the past and recently 
discontinued. Although some patients are very good historians, it is not always 
advisable to rely solely on the information patients provide. Discussions with a 
spouse or caregiver or a phone call to the patient’s pharmacy to check refill history 
can sometimes yield additional helpful information. 


It is also important to collect a careful history of suspected adverse drug events. 
What did the patient notice, and when did it start? How did the problem progress? 
Was there a temporal relationship between the onset of symptoms and the addition 
or discontinuation of any medications and, if so, was the timing of the event similar 
to that reported previously for a specific drug or drugs for that disease? Has the 
patient experienced similar reactions in the past? Can the patient provide any 
insight into what he or she suspects may be causing the problem? Did the patient 
attempt to self-medicate to treat the problem? If so, what treatment was tried, and 
was it effective? Do any treatments or activities seem to make the problem better? 
Does anything seem to make it worse? 


Table 5-1 Information That Should Be Included in the 
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Medication History 


Patient information 


¢ Age (date of birth) 
* Sex 

* Height 

¢ Weight/BMI 

* Race 


Current prescription medications being taken or used by the patient 


* Name of the medication 

* Strength 

* Formulation (tablet, capsule, extended release, etc.) 
* Dose 

* Route 

¢ Frequency 

* Reason started 

¢ When started 

* Date and time of last dose 

¢ Where medication was procured 


Prescription medications taken or used in the last 6 months 


* Name of the medication 

* Strength 

¢ Formulation (tablet, capsule, extended release, etc.) 
* Dose 

¢« Route 

¢ Frequency 

¢ When started and stopped 

* Reason discontinued 

¢ Where medication was procured 


Current nonprescription (OTC) medications (including vitamins, 
herbal products, health or dietary supplements, energy enhancers or 
“nutraceuticals ”) 


* Name of the product 

* Strength 

¢ Formulation 

* Dose 

* Route 

¢ Frequency 

* Reason started 

¢ When started 

¢ Date and time of last dose 

¢ Where product was procured 


Nonprescription (OTQ) medications (including vitamins, herbal 
products, health or dietary supplements, energy enhancers or 
“nutraceuticals”) taken or used in the past 6 months 
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* Name of the product 

* Strength 

¢ Formulation 

* Dose 

* Route 

¢ Frequency 

¢ When started and stopped 

* Reason for discontinuing use 
¢ Where product was procured 


Current and/or past use of tobacco 


* Type (cigarettes, pipe, cigar, smokeless tobacco, electronic cigarettes) 
¢ Frequency (e.g., number of packs per day) 

¢ Date started 

* Last use 


Current and/or past use of alcohol 


* Type (liquor, wine, beer) 
¢ Amount and frequency 
* Date started 

¢ Last use 


Current and/or past use of illicit drugs 


¢ Drug name 

* Method of admmistration (oral, inhaled, smoked, injected) 
¢ Frequency 

* Date started 

¢ Last use 


Financial issues 


¢ Approximate monthly out-of-pocket medication costs 
¢ Financial burden created by medication purchase 


Allergies 


* Name of medication or type of food causing allergic reaction 

* Type of reaction 

¢ Date of reaction 

¢ Treatment and outcome 

¢ Similar reactions to related drugs or similar foods 

* Exposure to common drug allergens (penicillin and sulfa-contaming compounds) 


Adverse drug reactions 


* Name of the medication 

* Dosage and frequency 

* Reason the medication was being taken 

* Nature of the reaction experienced 

* How the reaction was treated or managed 


BMI = body mass index, OTC = over-the-counter. 
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Table 5-2 Suggestions for Improving the Accuracy of the 


Medication History 





* Carefully review the patient’s medical record and/or other available records before starting the interview to 
be efficient when questioning and gathering information. 

* When possible, set up a special time to do the interview in a private area. The interviewer should not appear 
rushed and should maintain eye contact and be polite, friendly, and nonjudgmental. 

* Use primarily open-ended questions (e.g., “What do you take for back pain?’’) rather than closed-ended 
questions (e.g., “Do you take anything for your back pain?’’) during the interview. 

* Be nonjudgmental and make sure to not lead the patient into saying what he or she thinks the interviewer 
wants to hear. The objective is to find out how medications are actually being used and not how the patient 
was told to use them. 

* Remember to ask patients about medications other than those they take orally (e.g., “Do you use eye 
drops?’’). Patients often forget to mention creams, ointments, patches, eye or ear drops, inhalers, and 
infusions. 

* To help stimulate a patient’s memory, ask about medications they take for medical conditions they are known 
to have (e.g., “What do you take for your glaucoma?”’). 

* Ask patients about medications prescribed by specialists they may see (e.g., “Do you see an allergist? What 
medications does he or she prescribe for you?’”’). 

* Ask patients if their physician recently started, stopped, or made any changes to the medications they are 
taking. 

* Call the patients’ community pharmacist to determine an exact medication, dosage strength, directions for 
use, and adherence (refill history). 

¢ For inquiring about nonprescription medications, additional prompts may include, “What do you take for...” 

Headache 

Cold/flu 

Allergies 

Sinus 

Cough 

Sleeplessness 

Drowsiness 

Weight loss/gain 

Heartburn 

Stomach upset 

Gas 

Constipation 

Diarrhea 

Muscle or joint pain 

Skin problems 


ooooooeoccmtmUmODUCmUOUCOOUUCUCOOUCUCUUCOON CO 


A careful physical exam focusing on the organ system(s) involved and _ the 
collection of laboratory data can provide objective information helpful in 
determining whether or not a drug-induced disease is present. Depending on the 
reaction type and organ system(s) involved, evaluation of kidney function (blood 
urea nitrogen, serum creatinine, and estimated creatinine clearance), hepatic 
function (alanine aminotransferase, aspartate aminotransferase, alkaline 
phosphatase, gamma-glutamyl transferase, total and direct bilirubin, total protein, 
albumin, international normalized ratio), blood counts, serum drug (and, where 
appropriate, metabolite) concentrations and/or urinalysis may be helpful and 
necessary. Special laboratory tests (e.g., antinuclear antibodies, histamine 
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metabolites, complement concentration, patch tests) are available and helpful in 
some situations. Noninvasive procedures (e.g., electrocardiogram, chest x-ray, 
computed tomography scan) and even invasive procedures (e.g., kidney or lung 
biopsy) may be required for some patients. Specific elements of the physical exam 
and laboratory evaluation important in the differential diagnosis of drug-induced 
diseases are discussed in Chapters 6—58. 


The patient’s history and physical exam should be carefully reviewed for the 
presence of risk factors known to be associated with the suspected drug-induced 
disease. Race, sex, age, genetic and environmental factors, concomitant drug 
therapy, comorbidities, immune status, alcohol and tobacco use, and a host of other 
factors may impact patients’ relative risk for developing a drug-induced disease. 
Specific risk factors for the various drug-induced diseases are included in Chapters 
6-58. 


DIFFERENTIAL DIAGNOSIS 


Once subjective and objective information regarding a suspected drug-induced 
disease has been collected, the known adverse effect profile of each drug to which 
the patient has been exposed should be evaluated to determine whether or not there 
is a likely culprit. Evidence of the ability to cause drug-induced diseases 1s better 
for some drugs than others, and, even when evidence is totally lacking, it must be 
remembered that there was a first report for every adverse drug effect and drug- 
induced disease recognized today. 


Authors of chapters in this text have categorized the strength of evidence that a 
given drug causes a specific drug-induced disease as Level A, B, or C: 


¢ Level A—This level indicates evidence of causation from one or more 
randomized, controlled clinical trials. 


¢ Level B—This level indicates evidence of causation derived from 
nonrandomized clinical trials, prospective observational studies, cohort 
studies, case-control studies, meta-analyses and/or postmarketing 
surveillance studies. 


¢ Level C—This level indicates there has been one or more published case 
reports or case series implicating a given drug as the causative agent of a 
specific drug-induced disease. Although they may not provide proof of 
causation, case reports are by far the most common evidence available for 
most drug-induced diseases and are very important to our understanding of 
these adverse drug events. 


Additional B level evidence should become available as more structured 
approaches to postmarketing surveillance are implemented (see Chapters | and 4). 
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Perhaps the most challenging aspect of evaluating a patient with a suspected 
drug-induced disease is assessing causation for the observed signs or symptoms. A 
conference held in Morges, Switzerland in 1981 was an early attempt to bring 
organization and structure to causation assessment. Conferees agreed on what 
became called the 9 points of consideration when attempting to determine if a 


particular drug was the cause of a suspected adverse event.!° 
The considerations included the following: 


1. Whether or not the drug was given prior to the event 
Whether or not the reaction occurred at the site of application 


3. Whether or not the interval following exposure to the drug was compatible 
with the occurrence of the reaction 


4. Whether or not the reaction immediately followed drug exposure and had an 
acute onset 


5. Whether or not the patient suffered the same reaction when rechallenged 
with the suspected drug 


Whether or not the reaction improved when the drug was discontinued 
Whether or not multiple drugs were discontinued simultaneously 
Whether or not the patient had suffered the same reaction to the drug before 


ee ot 


Whether or not the observed reaction was known to occur with the 
suspected causative agent 


In the years since the Morges conference, a number of approaches to assess 
causality have been described.!!"!* The World Health Organization-Uppsala 
Monitoring Center (WHO-UMC) system (Table 5-3) allows users to place 
suspected reactions into one of six categories (from unlikely to certain) based on 
identified characteristics.!? The Naranjo Scale (Table 5-4) assigns point values 
based on a similar set of findings.2? There are limitations to the use of these 
methods. To accumulate points for each question with the Naranjo Scale, for 
example, the dose of the suspected drug would have to be increased or decreased 
to see if the reaction worsened or improved, the drug would have to be 
discontinued to see if the reaction subsided and then readministered to see if the 
reaction reappeared, and the patient would have to receive a placebo to see if it 
precipitated a similar reaction. These maneuvers are not always practical, 
possible, or ethical in clinical practice. As a result, few adverse reactions can be 
classified as highly probable or doubtful, and most fall somewhere between these 
extremes (1.e., possible or probable). Although none of the published causality 
assessment tools provides precise and reliable quantitative data, they do provide a 
structured basis for assessment in a standardized and relatively reproducible format 
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and are used widely, particularly by journals assessing case reports submitted for 
publication. 


Table 5-3 The World Health Organization—Uppsala Monitoring 
Center (WHO-UMC) System for Classification of Suspected 





Adverse Drug Reactions!? 
WHO-UMC 
Classification |Characteristics 
C1l—Certain Plausible time; not related to underlying condition, concurrent disease, other drugs 
or chemicals related pharmacologically 
Positive dechallenge; positive rechallenge 
C2—Probable Reasonable time; unlikely to be related to concurrent disease, other drugs 
Positive dechallenge; no rechallenge 
C3—Possible Reasonable time; may be due to concurrent disease, other drug 
No information on dechallenge 
C4— Unlikely Improbable temporal relationship; other confounding factors such as drugs, 
chemicals, underlying disease 
C5— Reported as an adverse reaction, but more data are needed for proper assessment 
Conditional/unclassified 
C6— Report suggesting an adverse reaction but cannot be judged because of 


Unassessable/unclassifiable | insufficient or contradictory information 


When it is possible, probable, or highly probable that a medication is causing a 
drug-induced disease, the clinician must decide whether to continue therapy with 
that medication or modify the patient’s therapeutic regimen. As with all decisions 
regarding drug therapy, the relative risks and benefits of each course of action must 
be carefully considered. The substitution of an agent less likely to cause the drug- 
induced disease may be an option in some cases. When an adverse drug event is 
known to be dose- or serum concentration-related, reducing the dose of the 
offending agent or changing the frequency of administration or dosing schedule may 
be viable options. Although it is not generally a good idea to treat an adverse effect 
of one drug with a second drug, there are times when this approach is acceptable 
(e.g., chemotherapy-induced nausea and vomiting). Desensitization is sometimes an 
option for patients with drug-induced diseases that are immunologically mediated. 


Situations in which there 1s more than one possible culprit drug can create an 
even greater challenge for clinicians. In some cases, it may be necessary to 
discontinue all of the possible offending agents and then reinitiate therapy one drug 
at a time following resolution of the drug-induced disease. In other cases, the 
WHO-UMC or Naranjo Scale probability rating for each of the possible culprits or 
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the associated level of evidence (e.g., 2 case reports versus 20 case reports versus 
evidence of causation from one or more randomized, controlled clinical trials) 
might provide useful clues as to which agent is the most likely offender. 


Table 5-4 The Naranjo Scale for Estimating the Probability of 
Adverse Drug Reactions 





Question Points 


Are there previous conclusive reports on this reaction? 
Yes (+1) No (0) Don’t know (0) 


Did the adverse event appear after the suspected drug was administered? 
Yes (+2) No (—1) Don’t know (0) 





Did the adverse reaction improve when the drug was discontinued, or a specific antagonist 
was administered? 

Yes (+1) No (0) Don’t know (0) 

Did the adverse reaction reappear when the drug was readministered? 

Yes (+2) No (-1) Don’t know (0) 

Are there alternative causes (other than the drug) that could on their own have caused the 
reaction? 

Yes (—1) No (42) Don’t know (0) 


Did the reaction reappear when a placebo was given? 
Yes (—1) No (+1) Don’t know (0) 
Was the drug detected in the blood (or other fluids) in concentrations known to be toxic? 
Yes (+1) No (0) Don’t know (0) 
Was the reaction more severe when the dose increased, or less severe when dose was 
decreased? 
Yes (+1) No (0) Don’t know (0) 
Did the patient have a similar reaction to the same or similar drug in any previous 
exposure? 
Yes (+1) No (0) Don’t know (0) 
Was the adverse event confirmed by any objective evidence? 
Yes (+1) No (0) Don’t know (0) 
Total Pomts: 


Probability that adverse drug event has occurred: 
>9 highly probable 

>5 probable 

>1 possible 

0 doubtful 


Source: Adapted from Naranjo CA, Busto U, Sellers EM et al. A method for estimating the 
probability of adverse drug reactions. Clin Pharmacol Ther. 1981; 30:239-45. Reprinted with 
permission. 
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DOCUMENTING AND REPORTING DRUG- 
INDUCED DISEASES 


PATIENT EDUCATION 


Patient education and good documentation are critical to the prevention of a 
recurrent adverse drug event or drug-induced disease in a given patient. The patient 
needs to know the nature of the reaction that occurred, the generic name and trade 
names of the causative agent, the generic name and trade names of any other 
medications that might be expected to cause similar reactions, and whether or not 
these agents must be avoided entirely or used only with caution. When patients are 
warned about potential adverse effects of an entire class of drugs (e.g., angiotensin- 
converting enzyme inhibitors, sulfa-containing compounds, benzodiazepines), they 
should be given the generic name and trade names of drugs included in that class. 
All of this information should be reduced to writing, and the patient should receive 
a copy to keep with important medical records at home and copies to give to each 
of their other healthcare providers (e.g., physicians, dentists, nurse clinicians, 
pharmacists). A narrative description of the adverse event should be included in the 
patient’s medical record and, when hospitalization has occurred, in the discharge 
summary and in any follow-up correspondence with admitting or referring 
physicians. Depending on the severity and acuity of the reaction, patients should be 
advised to obtain and wear a medical alert bracelet. 


REPORTING DRUG-INDUCED DISEASES 


Proper reporting can also be important in efforts to help prevent drug-induced 
diseases in others who will be exposed to the drug in the future. Some adverse drug 
effects and their associated drug-induced diseases have been well documented and 
are well known to healthcare providers. Because they are well known, these 
adverse events can sometimes be prevented with careful drug use and/or patient 
monitoring. Unfortunately, some adverse drug effects and drug-induced diseases 
have not yet been recognized or characterized. These are unexpected and, therefore, 
not yet preventable. Identifying and characterizing these events, and therefore 
increasing the likelihood they can be prevented in the future, is the focus of the 
FDA’s voluntary MedWatch program.”! 


The FDA established MedWatch in 1993 as a method to stimulate voluntary 
reporting of serious adverse events by healthcare professionals and patients. The 
system collects spontaneous reports of adverse events involving drugs 
(prescription and OTC), biologics, devices, and special nutritional products 
including dietary supplements, medical foods, and infant formulas. Adverse 
reactions associated with vaccines are reported to the FDA through the Vaccine 
Adverse Event Reporting System, rather than through MedWatch. A spontaneous 
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report is an observation of an adverse event that is made during direct patient care 
and subsequently reported either directly to the FDA or indirectly to the FDA 
through the drug’s manufacturer. Observations made during clinical trials are not 
included as part of this spontaneous reporting system. The MedWatch system is also 
used to collect information regarding product quality problems, reports of 
suspected counterfeit products, and reports of medication and device use errors that 
may have been caused by either product name confusion or confusion resulting from 
packaging and labeling. 


The FDA encourages healthcare providers and patients to use MedWatch to 
submit reports of serious adverse events. For the purpose of this reporting system, 
an adverse event is defined as any unfavorable and unintended sign, symptom, or 
disease temporally associated with the use of a medicinal product, whether or not 
considered related to the product. The FDA defines serious adverse events as those 
that are fatal, life-threatening, permanently or significantly disabling, those that 
require or prolong hospitalization, cause a congenital anomaly, or require 
intervention to prevent permanent impairment or damage. Notwithstanding these 
definitions, the FDA encourages health professionals to report any adverse event 
judged clinically significant. The adverse event does not have to be previously 
unreported or uncommon. Suspicion that a medical product may be related to a 
serious event is sufficient reason to submit a report and proof of causality is not 
necessary. 


Reports can be filed online (www.fda.gov/Safety/MedWatch), via a toll-free 
phone line (1-800-FDA-1088), by fax (1-800-FDA-0178) or by prepaid mail. The 
core elements of the report include the reporter’s name, the suspect drug or device, 
a narrative report of the adverse event or problem, and patient information 
(identifier, sex, age, and weight). The FDA holds patient identity information in 
strict confidence. Reporting does not violate provisions of the Health Insurance 
Portability and Accountability Act, which specifically permits covered entities 
(such as pharmacists, physicians, or hospitals) to report adverse events and other 
information related to the quality, effectiveness, and safety of FDA-regulated 
products both to the manufacturers and directly to the FDA. 


Once received by the FDA, reports of adverse events are entered into a 
postmarketing surveillance database that can be examined for similar reports and 
used to develop case series. When a report or a series of reports define a 
previously unrecognized safety issue, the FDA can order a formal epidemiologic 
evaluation, require labeling changes including boxed warnings, place restrictions 
on prescribing or dispensing of the drug or, if necessary, order that the product be 
withdrawn from the market. 


Healthcare providers can obtain information generated through the FDA 
MedWatch program by accessing their website at www.fda.gov/Safety/Med Watch. 
Information is also disseminated via email to those who subscribe online and 
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through a large number of professional organizations that partner with the FDA for 
that purpose. 


In 2007, the FDA Amendments Act required the agency to develop an active 
postmarketing risk identification and analysis program for drugs. In response, the 
FDA embarked on a program to work with public, academic, and private 
organizations to develop systems to link and analyze drug safety data from multiple 
sources. The FDA’s Sentinel System was launched in February of 2016, and within 
the first year allowed the agency to access and analyze electronic medication use 
and safety data from over 193 million patients. The Sentinel System continues to 
grow and is intended to complement, but not replace, other surveillance tools such 
as the Med Watch program. 


SUMMARY 


Morbidity and mortality associated with drug-induced diseases continue to be a 
major concern for all healthcare practitioners. Drug-induced diseases may also 
result in substantial healthcare resource utilization and increased costs. Although 
some drug-induced diseases are identified during clinical trials and the drug 
approval process, others are not recognized until long after the drug is marketed 
and available for routine use. Although all drugs have the potential to cause drug- 
induced diseases, it is easy to overlook them as a possible cause of a patient’s 
illness. All healthcare providers would be well advised to always ask themselves 
“Could this be drug-induced?” when confronted with a patient experiencing new or 
worsening symptoms. 
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CHAPTER 6 


Drug Allergy and Cutaneous Diseases 


Lynne M. Sylvia 


The terms drug allergy and drug hypersensitivity are often used synonymously to 
describe adverse drug reactions mediated by the immune system. According to the 
International Consensus (ICON) on Drug Allergy, these terms should not be used 
interchangeably.' Drug allergy refers to reactions for which a definite immune 
mechanism has been proven.! The parent drug or its reactive metabolite serves as 
an antigen, which is subsequently recognized and processed by the immune system, 
culminating in the production of drug-specific antibodies or sensitized T 
lymphocytes. The antigen—antibody reaction can target a variety of cells and body 
tissues, leading to organ-specific or more generalized systemic adverse events. The 
expert panel on drug allergy recommends that the term drug hypersensitivity 
reaction be used for adverse events that clinically resemble allergy but may or may 
not be mediated by an immune response.! Drug hypersensitivity reactions (DHRs) 
are more heterogeneous in clinical presentation and underlying mechanism. The 
implicated drug often has the ability via its chemistry or pharmacology to directly 
stimulate the release or activation of inflammatory mediators from mast cells, 
basophils, or other body tissues, causing a reaction that is clinically 
indistinguishable from drug allergy. The term drug pseudoallergy, to describe 
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allergic-like reactions, is no longer recommended. A comparison of the features of 
drug allergy and DHRs is provided in Table 6-1. 


Cutaneous eruptions, the most common manifestation of drug-induced disease, 
can result from both immune- and nonimmune-mediated mechanisms (e.g., 
pharmacologic effects, idiosyncratic). Therefore, drug-induced skin eruptions and 
systemic skin diseases are discussed in a separate section of this chapter. Allergic- 
mediated urticaria, angioedema, and the immune complex diseases associated with 
dermatologic manifestations (serum sickness-like syndrome, vasculitis) will be 
discussed in the following section. 


DRUG ALLERGY AND DHRs 


CAUSATIVE AGENTS 


A list of the drugs most frequently implicated in drug allergy is provided in Table 
6-2.2+199 Tf a particular drug of concern is not included in this table, it should not 
be assumed that the drug is incapable of eliciting an immune response. Many drugs 
are not identified as antigenic until well after approval and use in an extended 
patient population. To determine a drug’s potential to serve as an antigen, three 
drug-related properties should be considered. First, the molecular weight of a drug 
can influence its antigenicity. Drugs of molecular weight >4,000 Da, such as 
erythropoietin, insulin, or other polypeptide hormones, are more capable of serving 
as complete antigens than are low-molecular-weight drugs (<1,000 Da).!*° 
Biologic agents (eg. antisera, antithymocyte globulin, intravenous 
immunoglobulin) also fit into this category of large polypeptides. Second, drugs 
containing foreign proteins or large polypeptides of nonhuman origin (e.g., 
streptokinase, beef or pork insulin, chimeric/murine-derived monoclonal 
antibodies, L-asparaginase) have the ability to serve as complete antigens.!:!4° 
However, the most common antigenic drugs (e.g., penicillins, sulfonamides) are of 
low molecular weight (<1,000 Da) and do not contain a foreign protein. These 
agents possess a third drug-related property related to conferring antigenic 
potential, which is the ability of the parent drug or its reactive metabolite to bind 
covalently to a carrier protein in vivo, thereby forming a complete antigen. The 
term hapten is used to describe a drug (or a metabolite) that must bind to a tissue or 
cell protein to serve as a complete antigen.' Identifying a drug’s reactive 
metabolites and the potential of these metabolites to bind to carrier proteins is not 
readily achieved in premarketing studies; thus, the allergic potential of many low- 
molecular-weight drugs is not determined until postmarketing. 


Table 6-1 Differentiating Features of Allergy Versus Drug 
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Hypersensitivity Reactions!~3 


Drug Hypersensitivity 
Characteristic | Allergy Reactions 
Highly variable; ranging from a localized | Highly variable; ranging from infusion- 
erythematous rash to life-threatening related reactions such as skin flushing to 
reactions including anaphylaxis, Stevens— |severe reactions mimicking anaphylaxis 


Johnson syndrome, and toxic epidermal 
necrolysis 


Clinical presentation 











Sensitization period Required; usually ranging from 5 to 21 —_| Not required; reaction can occur within 
days after drug initiation seconds to minutes after administration of 
first dose 


Antibody involvement Yes; IgE, IgG, IgM, or sensitized T Not proven; may or may not be mediated 
lymphocytes by an immune response 


Mechanism Drug can serve as a complete antigen or | Based on its chemical or pharmacologic 
hapten (parent drug or metabolite) or properties, drug stimulates release or 
may bind to T-cell receptor to stimulate | activation of inflammatory mediators 
immune response 


Risk factors Highly variable; dependent on drug or Highly variable; dependent on drug or 
patient (host) patient (host) 


Pretreatment Not routinely recommended; yield of Pretreatment regimens are recommended 
antibody produced by any given antigenic | for some drugs; may be recommended to 
drug too unpredictable to fully antagonize |block effects of drug on effector 

via pretreatment pathways 


Treatment Dependent on signs and symptoms of Dependent on signs and symptoms of 
reaction; includes antihistamines, reaction; may include dose reduction, 
epinephrine, and corticosteroids alteration in rate of infusion, or treatment 

with antihistamines, epinephrine, or 

corticosteroids 


IgE = immunoglobulin E, IgG = immunoglobulin G, IgM = immunoglobulin M. 


Table 6-2 Agents Implicated in Allergic Drug Reactions 









Incidence Level of Evidence* 





ANAPHYLAXIS, URTICARIA, ANGIOEDEMA, AND BRONCHOSPASM 
Amphotericin B4,5 NK C 
Aprotinin6 NK C 
L-asparaginase7 C 
Aspirin 10,11 NK C 
Atracurtum 12-14 NK C 
Azathioprine 15,16 NK C 
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Basiliximab17 
Carboplatin18 
Carboxymethylcellulose 19 
Ceftriaxone20 
Cephalosporins2 1,22 
Cetirizine23 
Cetuximab24,25 
Chlorhexidine26,27 
Chymopapain28 
Cisplatin7 
Clopidogrel29,30 
Clavulanic acid31 
Deferoxamine32 
Diclofenac 10 
Etoposide7 
Excipients8,9,19,33 
Fluoroquinolones34,35 
Gentamicin36 
Ibuprofen10 
Infliximab37 
Insulin38 

Iron (intravenous products )39-41 
Isoniazid42,43 
Ketoprofen44 
Lepirudin45 
Leuprorelin46 
Mefenamic acid10 
Mivacurium14 
Omalizumab47 
Oxaliplatin48,49 
PaclitaxelS0 


Pantoprazole51 


Z 
nw 





0.001—0.1% 


Z| Z Z| Z| Z 


2; Z| Z| Z| Z| 4 


Z 
| 


Z 
nw 





0.2%a 


QO; ay arar;rarayryrayaryrar~araray;yarararararay;y~arararayzrayryray~ayrararayayayoaya 


Z| Z2| Z 2; 2} Z| Z| Z| 4 
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Penicillins52,53 
Phytonadione54 
Polysorbate 8033 
Povidone—iodine55,56 
Prasugrel5S7 
Protamine2 
Risperidone58 
Rituximab37 
RocurontumS9 
Sodium benzoate33,60 
Streptokinase61 
Sumatriptan62 
Suxamethonium63 
Teniposide7 
Thiopentall2 
Ticagrelor64 
Tobramycin65 
Triamcinolone66 
Vancomycin67 


Zidovudine68 


0.01—0.05% 


Z| Z 
| 


QO; a7, aqr~arararayayroar~arlraylyayay ay By} ayoay ay a} wv 


Z| Z 
| 


Z 
nw 


Z| Z| Z| Z 
) 


Z 
| 





SERUM SICKNESS-LIKE REACTION 


B-lactam antibiotics69 
Bupropion69-72 
Cefaclor73-75 
Ciprofloxacin76 
Fluoxetine77 
Itraconazole78 
Meropenem79 
Minocycline80-82 
Protamine2 
Rituximab83 


Streptokinase84,85 


Z| Z 
| 


Z 
| 


Z 
w 
QO; ary~ararayay ay ay wy} aya 
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Sulfites9,33 
Sulfonamides69 
Vaccines69 


VASCULITIS 
Allopurinol86-88 


B-lactam antibiotics86-88 
Celecoxib89 
Cephalosporins86-88 
Colony-stimulating factors87 
Docetaxel90 
Etanercept87 
Fluticasone91 
Fluoroquinolones87 
Hydralazine87 
Infliximab92 

Interferon a-2b93 
Isotretinoin87 

Leukotriene antagonists94 
Methimazole87 
Methotrexate87 
Minocycline87 


Nonsteroidal anti-inflammatory 
drugs87 


Penicillamine87 
Phenytoin87 
Propylthiouracil95,96 
Rofecoxib97 


Vancomycin87,98 





NK 
NK 
NK 
NK 


C 
C 
C 
C 
C 
C 
C 
C 
NK C 
C 
C 
C 
C 
C 
C 
C 
C 
C 


Z 
| 


Z| Z 
| 


Z 
| 


Z 
w 
QO; ayal;rala 





HYPERSENSITIVITY SYNDROMES 


Abacavir99,100 
Allopurinoll 01-103 


Carbamazepine 104,105 








162 


Dapsone 106-108 
Lamotrigine 109 
Minocycline 110 
Nevirapine 111 
Oxcarbazepine 105 
Paclitaxel7 
Phenytoin105 
Phenobarbitall05 


Valproic acid112 


Z 
AW 
QO; ay araralrayaya 


Z| Z 
| 


Z 
nw 





NK 


ALLERGIC-MEDIATED BLOOD DISORDERS 


Cephalosporins 113-115 
Heparin116 


Histamine H 4 Teceptor blockers 117- 
119 
Methimazole 120,121 


Methyldopa 114 

Penicillins 114,115 

Piperacillm 122,123 

Procainamide 114 
Propylthiouracill20,121 

Quinidine 114,115 

Quinine 114,115,124 
Trimethoprim—sulfamethoxazole 125 
Valproic acid126 
Vancomycin127,128 


OTHER 
Cimetidine 129 


Clindamycin130 
Corticosteroids 131,132 
Diazepam133 
Hetastarch134 


Insulin38, 135 


Z 
nw 


Z| Z 


QO 


1-5% 


ve) 


NK 


CO 


Z| Z 
| 





QO; a; ayayaly By] a; By a} ay w 


Z| Z| Z Z 
ii 





QO, ayaryraryraylyayoa 
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Lidocaine 136 
Progesterone 137 
Psyllum138 


Vaccines 139 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Drugs that are commonly associated with DHRs are listed in Table 6-3.!4!-!°1A 
drug’s ability to cause a nonimmune DHR can often be assessed by a review of the 
drug’s chemical and/or pharmacologic properties. Classic examples are 
anaphylactoid reactions to radiocontrast media, opioid-induced urticaria or 
generalized pruritus, red man syndrome with vancomycin, and nonsteroidal anti- 
inflammatory drug (NSAID)-induced asthma or angioedema. 


When reviewing Tables 6-2 and 6-3, it should be noted that some drugs are 
listed as causing both allergy and DHRs. For example, vancomycin-induced red 
man syndrome is thought to be a nonimmune DHR, whereas vancomycin-associated 
blood dyscrasias and anaphylaxis are attributed to more rare allergic 
reactions.°”!7”!78 Captopril, ciprofloxacin, and protamine have also been reported 
to cause both true allergy and nonimmune DHRs. Intravenous immunoglobulin G 
(IVIG) is most commonly associated with infusion-related reactions such as fever 
and arthralgias. However, IVIG can also cause an IgE-mediated reaction in patients 
with selective IgA deficiency.? In situations in which a drug can cause both types of 
reactions, it is often difficult to distinguish between allergy and a nonimmune DHR. 
Most importantly, the signs, symptoms, and severity of the reaction, rather than its 
mechanism, should drive clinicians’ decision-making. 


EPIDEMIOLOGY 


Collectively, drug allergy, intolerance, and nonimmune DHRs have been estimated 
to comprise 25% of all adverse drug events.* Drug allergy is considered to be 
relatively rare, representing 6—10% of all adverse drug reactions.”!® In 2002, 


Hunziker et al.'®? provided an analysis of 12,785 adverse drug reactions of 
probable or definite association occurring in inpatients between 1974 and 1993. 
Drug allergy and nonimmune DHRs accounted for 13% of the adverse drug 
reactions. Differentiation between allergy and nonimmune DHRs as the cause of the 
adverse event could not be achieved because of the lack of valid skin testing or 
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other in vitro testing methods to determine the presence of drug-specific 
antibodies. !©? 

The epidemiology of anaphylaxis, including drug-induced anaphylaxis, has been 
re-evaluated by a working group composed of experts in allergy and 
immunology.'® The expert panel estimated the frequency of anaphylaxis in 2006 to 
be 50—2,000 episodes per 100,000 persons, or a lifetime prevalence of 0.05— 
2%.'*+ More recent estimates suggest that the prevalence is increasing, particularly 
in younger age groups and in patients treated with biologic agents. Neugut et al.!© 
reported that the most serious cases of drug-induced anaphylaxis have been 
associated with the use of penicillin and radiocontrast media. Penicillin is 
recognized as the most common cause of anaphylaxis and is estimated to account 
for approximately 75% of fatal cases in the United States annually.” Nonfatal 
anaphylaxis attributed to penicillin has been reported in 0.7—10% of the general 
population, whereas fatal cases occur in 0.002% of the general population.!® Non- 
IgE-mediated anaphylaxis (i.e., anaphylactoid reactions) associated with 
radiocontrast media have occurred in 0.22—1% of patients, particularly in those 


receiving an agent with high osmolarity.!© 


Table 6-3 Agents Implicated in Nonimmune Drug 
Hypersensitivity Reactions 









Drug Incidence __| Level of Evidence* 


Adrenocorticotropic hormone C 
Angiotensin-converting enzyme inhibitors2,141-142 B 
Angiotensin receptor blockers 143-146 B 
Acetylsalicylic acid (aspirin) 10,11 C 
Ciprofloxacin147-149 NK C 
Corticosteroids 150 NK C 
Cremophor (polyethoxyethylated castor oil)-containing | NK C 
products7,9 

Enoxaparin|51 NK C 
Infliximab152-153 NK C 
Levofloxacin 154 NK C 
Midazolam155 NK C 
Muromonab156 NK C 
nvacetyleysteine 157 NK C 





1 


ON 
Nn 





Nonsteroidal anti-inflammatory drugs2 NK C 
Ondansetron158,159 NK C 
Opioids2,160 NK C 
Paclitaxel7 NK C 
Polmyxin B NOC 
Protamine2 B 
Radiocontrast media161 B 
Rituximab37 C 
Sacubitril NK C 
Somatostatin C 
Urokinase NK C 
Vaccines 139 NK C 
Vancomycin NK C 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Angioedema is estimated to occur in 0.1—1.2% of patients treated with 
angiotensin-converting-enzyme (ACE) inhibitors.!*! However, as many as 25-38% 
of cases of angioedema presenting to the emergency department (ED) have been 


attributed to ACE inhibitor therapy.'®!°’ In an 8-year retrospective study, 12 of 49 
patients (24.5%) presenting to the ED with angioedema reported concomitant 


therapy with an ACE inhibitor.'°° A second retrospective case-control study 
revealed an association between ACE inhibitors and angioedema in 15 of 40 


patients (38%) presenting to the ED.'°’ Compared with a control group of patients 
without angioedema, patients presenting to the ED with angioedema were 5 times 


more likely to be taking an ACE inhibitor (OR 5.1, 95% CI 2.03-12.89).!°/ 


The incidences of allergy and nonimmune DHRs associated with the majority of 
implicated drugs are unknown. The estimated incidences of allergy and nonimmune 
DHRs associated with some implicated drugs are presented in Tables 6-2 and 6-3. 


MECHANISMS 
DRUG ALLERGY 


The exact mechanisms by which drugs serve as allergens and elicit immune 
responses are not well understood. Gaps in our understanding of these mechanisms 


166 


nN 


can be attributed, in part, to the lack of a validated animal model of drug allergy. 168 
Another influencing factor is the difficulty in identifying and isolating the antigenic 
components and metabolites of potential drug allergens. Although much is unknown 
about the mechanisms by which drugs cause allergy, it is known that a single drug, 
such as penicillin, can cause a variety of allergic reactions via different 
mechanisms.!°° At least two theories—the prohapten/hapten concept and the p-i 
concept—have been described to explain the manner in which drugs stimulate the 
immune response. Each theory will be discussed separately. 


PROHAPTEN/HAPTEN THEORY 


In this theory, a number of complex stages appear to be involved in the generation 
of an immune response to a drug. These stages include the following: 


Formation of a complete antigen 

Processing of the complete antigen by antigen-presenting cells 
Recognition of the antigenic determinant by T lymphocytes 
Generation of a drug-specific antibody or sensitized T cells 


A eS 


Elicitation of a clinical immune response 


STAGE 1: FORMATION OF A COMPLETE ANTIGEN 


Most drugs that serve as immunogens are low-molecular-weight compounds 
(<1,000 Da) and are too small to initiate an immune response alone. To be 
recognized by the immune system, these drugs must bind, usually covalently, to a 
high-molecular-weight carrier protein, thereby forming a complete antigen. Haptens 
are drugs that bind to tissue or plasma proteins to forma complete antigen.!!® The 
parent drug rarely has the ability to bind to tissue or cell proteins. For most low- 
molecular-weight drug immunogens, the hapten is a reactive metabolite of the 
parent drug, formed via metabolism in the liver, skin keratinocytes, or white blood 
cells.'!”0 As an example, sulfamethoxazole is well recognized as a highly 
allergenic compound, but a reactive metabolite, the nitroso-sulfamethoxazole 
derivative, not the parent compound, serves as the primary hapten.!”! In this regard, 
the parent drug, sulfamethoxazole, would be considered a prohapten. 


STAGE 2: PROCESSING OF THE COMPLETE ANTIGEN BY 
ANTIGEN-PRESENTING CELLS 
Once a hapten-protein conjugate has been formed, it must undergo antigen 


processing. This crucial stage involves recognition of the complete antigen by 
antigen-presenting cells (APCs). A number of cells serve as APCs, including 


macrophages, dendritic cells, cutaneous Langerhans cells, and B lymphocytes.!°* 
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'70 With many drug immunogens, the complete antigen is believed to diffuse across 
the cell membrane of the APC and be internalized into the lysosomes of the APC. 
Metabolism by proteolytic enzymes in the lysosomes allows for breakdown of the 
complete antigen to a smaller, hapten—peptide fragment.'’* The last step in this 
stage of processing is the binding of the hapten-peptide fragment with major 
histocompatibility complex (MHC) class I or II molecules synthesized by the 
APC. !:!68:169 Expression of the hapten-MHC complex on the surface of the APC 
allows recognition by T lymphocytes and further progression of the immune 
reaction. 


STAGE 3: RECOGNITION OF THE ANTIGENIC 
DETERMINANT BY T LYMPHOCYTES 


The manner in which T-helper cells recognize the hapten-MHC complex is not fully 
understood. It is theorized that three signals must occur for T-helper cells to 
become activated. !©8!70.!73.!74 The first signal is completed by the interaction of the 
hapten—MHC complex with an antigen receptor on the surface of the T-helper cell. 
The second signal is believed to involve an interaction between specific receptors 
on the APC and the T-helper cell, resulting in the release of cytokines (cell 
messengers), such as interleukin (IL)-1 or IL-6. If this second signal does not occur, 
itis believed that the T-helper cells lose their responsiveness to the antigen, and the 
immune reaction ceases to progress.!°*:!”4 Thus, some patients may process a drug 
allergen but the immune reaction may be blunted at this stage or at other stages in 
the process. The third signal involves activation of the CD4+ T lymphocytes with 
the release of specific cytokines from these activated T lymphocytes. Depending on 
the cytokines released, the T lymphocytes differentiate into either T-helper type 1 
(Th1) or T-helper type 2 (Th2) cells.!”* Differentiation of the T-helper lymphocyte 
is an important step in the determination of the type of immune reaction to a specific 
drug allergen. Genetic factors are believed to influence T-helper-cell phenotyping 
in addition to influencing the type of cytokines released from activated T-helper 
cells. Dominance of cytokines IL-4 and IL-13 lead to the production of Th2 cells, 
whereas secretion of IL-2 and interferon B favors the production of Thl cells.!”° 


STAGE 4: GENERATION OF A DRUG-SPECIFIC ANTIBODY 
OR SENSITIZED T CELLS 


Immune responses to a drug can lead to the generation of an antibody (humoral 
immune response) or sensitized T cells (cellular or delayed immune response). If a 
patient’s response to an allergen is mediated by Th2 cells, a humoral response 
occurs with IgE, IgG, or IgM as the responding antibody. Th2 cells have the ability 
to secrete a number of cytokines, primarily IL-4 and IL-13, which stimulate the 
production of IgE from plasma cells. Th2 cells also secrete IL-5, which activates 
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eosinophils, and IL-3 and IL-10, which are involved in mast cell differentiation. !”* 


Patients who have a Thl-dominant response to a drug are more likely to generate a 
cellular immune response with the production of drug-specific sensitized T 
lymphocytes.” At this stage of the immune process, memory cells (either T or B 
lymphocytes) are also produced to retain memory for the drug allergen. Memory 
cells allow for a faster onset of an immune reaction upon re-exposure to the 
antigen. 


STAGE 5: ELICITATION OF A CLINICAL IMMUNE 
RESPONSE 


Completion of stages | through 4 may not occur until days 5 to 21 of continued drug 
therapy. This period of sensitization explains the latency in the clinical presentation 
of the immune reaction. It is also important to consider that some patients may 
generate an antibody response to a drug allergen, but the event will not progress to 
a clinical reaction. For example, approximately 40% of patients treated with 
penicillin for at least 10 days produce drug-specific IgG without manifesting a 
hypersensitivity response.” 

The p-i concept: A nonhapten pathway has also been described to explain 
drug allergy.!!°:!72 Some low-molecular-weight drugs may cause an immune 
response by “pharmacologically interacting with immune receptors.” |!’ Known as 
the p-1 concept, these drugs do not require binding to a carrier protein or 
processing by APCs. This theory suggests that drugs bind directly to T-cell 
receptors in a reversible manner, similar to a ligand binding to a receptor. It is not 
known whether the drug first binds to the MHC molecule on the APC to signal T- 
cell activation or whether it directly binds to the T-cell receptor, stimulating the T- 
cell response. This concept appears most applicable to the initiation of delayed T- 


cell mediated-reactions, as opposed to humoral reactions. !:!” 


Mechanism-based classification of drug allergy: Since 1968, the Gell 


and Coombs!” classification has been used to differentiate allergic drug reactions 


based on their mechanism and clinical presentation. Using this classification 
system, allergic reactions are described as types I through IV. It is important to 
consider that not all allergic drug reactions can be described using this 
classification. For example, some drug allergies exhibit features of more than one 
type (e.g., drug rash with eosinophilia and systemic symptoms [DRESS]). In 
addition, some allergies are mediated by antibodies not included in _ the 
classification (e.g. autoantibodies associated with procainamide-induced 
syndrome resembling systemic lupus erythematosus). The classification system was 
developed before our understanding of the varied roles of T cells in the immune 
response. As such, the original classification system has been adapted in Table 6-4 


to better represent our current understanding of drug allergy. !7:!7°!77 
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Table 6-4 Gell and Coombs Classification of Allergic Drug Reactions!*!7"”7 


Antibody 


Classification 


Type I (immediate) 


Type II (delayed; 
cytotoxic) 


Type III (delayed; 
immune complex) 





Minutes to 1 hour; 
usually occurs after 
the second exposure 
to the drug; may 
be delayed for up 
to 48 hours after 
exposure 

>72 hours and up to 
weeks after contin- 
ued initial exposure 


>72 hours and up to 
weeks after contin- 


IgE 


IgG or IgM 


IgG or IgM 





Targeted Cells 


Mast cells, basophils 


Blood cells (red cells, 
platelets, mature 
neutrophils) 


Skin, joint tissue, 
kidney, liver 


Clinical Presentation 

Anaphylaxis, isolated urticaria, 
angioedema, bronchospasm, 
abdominal cramping, respi- 
ratory arrest, cardiovascu- 
lar collapse, arrhythmias, 
eosinophilia 


Cytopenias (hemolytic anemia, 
thrombocytopenia, some 
neutropenias) 

Vasculitides (some) 

Serum sickness-like illness 
Vasculitides (some) 


ued initial exposure Glomerulonephritis, interstitial 


nephritis 





Sensitized T Skin, liver, kidney, 


Variable; >72 hours 


Type IV (delayed; See subtypes below 


T-cell mediated) lymphocytes lungs 

Type IVa 1-21 days ThI cells, interferon Skin Tuberculin reaction, contact 
y, monocytes, dermatitis 
eosinophils 

Type IVb 1-6 weeks Th2 cells, interleukin-4, | Skin Maculopapular rash with 
interleukin-5 eosinophilia 

Type [Vc 4-28 days Cytotoxic T cells, Skin Bullous exanthems (SJS, TEN), 
perforin, granzyme fixed drug eruptions 
B, FasL 

Type IVd >72 hours T cells and Skin Acute generalized exanthema- 


interleukin-8 











tous pustulosis 


IgE = immunoglobulin E, IgG = immunoglobulin G, IgM = immunoglobulin M, SJS = Stevens-Johnson syndrome, TEN = toxic epidermal 
necrolysis, Th = T-helper. 


It is currently recommended that drug allergies be classified as immediate or 


nonimmediate based on the onset of the reaction.!!® According to the ICON expert 
panel, immediate reactions are those that culminate in the production of an IgE- 
mediated response.! These reactions typically present as angioedema, 
bronchospasm, or anaphylaxis and usually occur within 1 hour after first re- 
exposure to the immunogenic drug. Nonimmediate or delayed drug allergies 
constitute a broader category of events including maculopapular exanthems, 
delayed urticaria, immune-mediated blood disorders, and serum sickness reactions. 
Nonimmediate events are typically mediated by activated T cells and occur at least 
1 hour after initial drug exposure and up to weeks or months after initial 


exposure.!!® This classification system, as noted by the expert panel, has 
limitations because the presence of immune cofactors (e.g., viruses) and the route 
of drug administration may influence the onset or progression of the immune 
reaction. ! 

If a patient generates IgE as the responding antibody to a drug allergen, the 
event is classified as an immediate type I reaction. IgE is commonly referred to as a 
homocytotropic antibody because of its strong affinity for the Fc receptors on mast 
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cells and basophils.'4° IgE avidly binds to basophils in the blood and mast cells 
located in the skin and respiratory and gastrointestinal tracts and the connective 
tissue surrounding the blood vessels.'’* When a patient is re-exposed to the 
allergenic drug, cross-linking occurs between the hapten—protein complex and IgE 
bound to the surface of mast cells, basophils, or both. Cross-linking between the 
drug and two molecules of IgE causes an influx of calcium ions that triggers 
degranulation of the mast cells and basophils.!’* The end result is the extracellular 
release of a number of preformed inflammatory mediators such as histamine, 
heparin, and proteases. Influx of calcium also activates phospholipase A, and 


stimulates the release of arachidonic acids, which can be bio-transformed into a 
number of secondary mediators, including leukotrienes, prostaglandins, and 
platelet-activating factor.!©* The cytokine known as tumor necrosis factor a (TNFa) 
has also been implicated as a mediator. Collectively, these mediators of 
anaphylaxis can cause increased vascular permeability, a wheal-and-flare reaction, 
smooth-muscle contraction resulting in bronchospasm, nausea, vomiting, 
recruitment of inflammatory cells, activation of vagal pathways, decreased 
coronary blood flow, and delayed atrioventricular conduction. !7%!8° 


Nonimmediate type II cytotoxic reactions are usually mediated by IgG or IgM. 
During these reactions, the drug hapten typically binds to a cell-surface protein in 
the membrane of a blood cell (e.g. red cell, platelet, neutrophil).!'?!!4 A 
complexation reaction between the responding antibody (IgG or IgM) and the drug 
hapten bound to the surface protein leads to destruction of the affected cells (1.e., 
hemolysis, thrombocytopenia, neutropenia). Cell-bound antibody can also activate 
complement, a series of 25 plasma proteins that, when activated, assist in cell 
lysis.!!°-!!4.175 Activated complement proteins possess a variety of properties, 
including the ability to degranulate mast cells (C3a, C5a), the ability to form a 
membrane attack complex (C5a and C9a), and the ability to stimulate opsonization 
to amplify the immune response. !”° 


Nonimmediate type III reactions, commonly referred to as immune complex 
reactions, are usually mediated by IgG. During these events, the drug hapten 
typically forms a complete antigen by binding covalently with an amino acid 
component (such as the lysine or cysteine residues) of a plasma protein. The 
hapten—protein complex then stimulates the production of IgG. Binding between IgG 
and the circulating complete antigen results in the formation of immune complexes, 
which often circulate throughout the bloodstream and activate the complement 
cascade before depositing on targeted cells or tissues.!’* Complement-mediated 
migration of phagocytes and the release of pyrogens manifests as a fluid phase or 
serum sickness-like reaction consisting of fever, malaise, and lymphadenopathy. 
Activation of complement proteins C3a and CSa can also result in degranulation of 
mast cells with the release of histamine. Eventually, the immune complex may 
deposit in a variety of tissues, including the walls of blood vessels, glomerular 
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cells, joint tissue, alveoli, and cells in the skin. After deposition on the targeted 
tissue, the immune complex, with the assistance of complement, mediates cell 
destruction. 


Nonimmediate type IV reactions are subclassified as types IVa through IVd 
based on the responding T cell, effector mechanism, and clinical manifestations 
(Table 6-4). On exposure to the antigen, a specific subtype of T cell (e.g., Th1 cell, 
Th2 cell, cytotoxic T cell) orchestrates an inflammatory response through secretion 
of specific cytokines (IL-4, IL-5).!!®! Type IV reactions involve a wide range of 
clinical events including contact dermatitis from a topically applied medication to 
more serious dermatologic events such as pustular and bullous exanthems. A 
complete review of the mechanisms by which drugs cause type IV reactions has 
been published. !®! 


MECHANISMS OF DRUG HYPERSENSITIVITY 
REACTIONS 


DHRs can also be classified as immediate or nonimmediate based on the timing of 
the event.'! Drugs cause nonimmune DHRs by a number of mechanisms, including 
(1) direct stimulation of mast cells resulting in the release of histamine (e.g., 
opioids, polymyxin, protamine, diamines such as pentamidine, polyethoxylated 
castor oil), (2) nonimmunologic activation of the complement cascade (e.g., 
radiocontrast media, protamine), and (3) alteration of the metabolism or production 
of inflammatory mediators (e.g, ACE inhibitors, aspirin, and NSAIDs).!!® The 
direct stimulatory effects of drugs on mast cells appear to be dose-related and tend 
to predominate on mast cells in the skin. Ciprofloxacin, vancomycin, and muscle 
relaxants such as succinylcholine and opiates (e.g., codeine, morphine) have been 
shown to elicit urticarial reactions in normal skin at concentrations of >100 
meg/mL.!** The mechanism by which the ACE inhibitors cause angioedema is not 
completely understood; however, inhibition of the breakdown of bradykinin and 
substance P may partially explain this adverse event. ACE, a nonspecific 
dipeptidase enzyme, not only converts angiotensin I to angiotensin II but is also 
involved in the inactivation of bradykinin, substance P, and neurokinin A 
Elevations in plasma concentrations of bradykinin and substance P can lead to 
inflammation, increased vascular permeability, and vasodilation. Aspirin-induced 
asthma, also known as aspirin-exacerbated respiratory disease, is believed to 
result from an imbalance between the production of prostaglandins and leukotrienes 
from arachidonic acids.!®* Inhibition of cyclooxygenase-1 (COX-1) leads to 
decreased production of prostaglandin E,, a modulating prostaglandin in bronchial 


tissue, and an increased propensity for arachidonic acids to be synthesized via the 
lipoxy—genase pathway. Increased production of leukotrienes C4, D4, and F4 is 
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associated with smooth-muscle contraction manifesting as bronchospasm, 
inflammation, and increased mucus production.!*? 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The signs and symptoms of a number of specific allergic syndromes are provided in 
Table 6-5. The clinical presentation of drug allergy is highly variable and 
dependent on the responding antibody and the targeted tissues. Allergy may 
manifest as anaphylaxis; angioedema; urticaria; immune-complex diseases 
manifesting as a serum sickness-like illness, lupus-like reaction, hypersensitivity 
vasculitis, or DRESS; and mucocutaneous syndromes such as Stevens—Johnson 
syndrome (SJS) and toxic epidermal necrolysis (TEN). In addition, allergic drug 
reactions may be the cause of disorders of the blood, kidney, liver, and pulmonary 
system. Conditions to consider in the differential diagnoses of these syndromes are 
listed in Table 6-6. The mucocutaneous syndromes and DRESS are discussed in the 
section Cutaneous Diseases. 


Anaphylaxis, the most severe form of an immediate type I reaction, constitutes a 
medical emergency. The onset of anaphylaxis is usually within minutes to 2 hours 
after exposure to the causative drug.!* In rare cases, the onset can be delayed for 
up to 48 hours after exposure. A consensus panel on allergy has defined 
anaphylaxis as highly likely when one of the following scenarios is present!**: 


1. Acute onset of a reaction (minutes to several hours) that involves the skin 
(mucosal tissue) and the respiratory tract and/or a decrease in blood 
pressure 

2. The rapid onset of a reaction after exposure to a likely allergen that 
involves two organ systems (respiratory tract, skin, decrease in blood 
pressure, and/or persistent gastrointestinal symptoms) 


3. A decrease in blood pressure alone after exposure to a known allergen 


An elevated serum tryptase concentration is indicative of the release of stored 
mediators from mast cells. Concentrations of tryptase, an enzyme that is stored in 
the secretory granules of the mast cell, become elevated in the serum within 1—2 
hours after the onset of anaphylaxis and persist for as long as 6 hours after the 
event.!+!54 B-tryptase is released only during episodes of mast cell degranulation, 
whereas concentrations of o-tryptase are elevated in patients with a large mast cell 
burden (e.g., mastocytosis).'84 Anaphylaxis is most suggestive when the ratio of 
total (a + B) tryptase to B-tryptase is <10.!°* Serum platelet-activating factor may 
also be a biomarker of anaphylaxis.!®° A late phase of anaphylaxis, characterized 
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by erythema, edema, and excess mucus production with mucus plug formation, 
occurs 8-12 hours after the initial attack and can last for up to 32 hours.!** The 
late-phase reaction is attributed to the effects of leukotrienes, such as leukotriene 
B4, which stimulate migration of macrophages to the sites of tissue damage.!7%-!8° 


Urticaria with pruritis, a common manifestation of anaphylaxis, can also occur 
as a sole manifestation of an immediate type I reaction. On subsequent exposure to 
the causative agent, urticaria may progress to include anaphylaxis. Drug-induced 
angioedema can also occur as a sole manifestation of allergy, or it can occur with 
urticaria or as part of an anaphylactic event.!®° Angioedema, also known as giant 
urticaria or angioneurotic edema, presents as nonpitting edema that extends beyond 
the epidermis to involve the deep dermis, mucous membranes, and subcutaneous 
tissues.!®° Angioedema secondary to ACE inhibitors is typically confined to the 
head and neck, presenting as localized swelling of the face (tongue, lips, and 
eyelids) with edema of the mucous membranes of the mouth, throat, and nose. !4!:!42 
Rarely, the edematous reaction can extend to the gastrointestinal tract, hands, feet, 
and genitalia. 


Table 6-5 Signs and Symptoms Associated with Drug-Induced 





Allergic Syndromes 


Anaphylaxis?»!79:180,184 

¢ Diffuse urticaria 

* Facial flushing 

¢ Angioedema 

* Bronchospasm (wheezing, chest tightness, hoarseness) 
* Laryngeal edema 

¢ Stridor 

* Hypotension 

* Cardiac arrhythmias (atrial or ventricular) 

¢ Nausea, vomiting, abdominal cramping, diarrhea 
¢ Lightheadedness, feeling of impending doom 

* Eosinophilia 

¢ Elevated tryptase concentrations 


Urticaria” 85.286 


« Asymmetric, circumscribed erythematous (pink) papular lesions of variable shape ranging from small to 
geographic in size; lesions have raised borders and areas of central clearing 

* Pruritus 

¢ May be associated with angioedema 

¢ May be associated with eosinophilia 


Angioedema!*4,285,286 


¢ Asymmetric, nonpitting edema of the face (tongue, lips, eyelids) 
* Periorbital edema 
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* Laryngeal edema 

* Tingling of the lips 

* Hoarseness, difficulty speaking 

° Difficulty swallowing 

¢ Diarrhea, nausea, abdominal pain (if visceral involvement) 
* Edema of the extremities, genitalia 


Allergic-mediated blood disorders!!3.114 


* Hemolytic anemia with positive direct or indirect Coombs test 


¢ Thrombocytopenia, with peripheral count <100,000 mm? Granulocytopenia (agranulocytosis, neutropenia) 


* Decreased concentrations of C3, C4 
* Evidence of antiplatelet or antineutrophil antibodies 


Serum sickness or serum sickness-like reaction®? 


* Fever and malaise 

¢ Skin rash—urticaria, maculopapular rash or mixed presentation of urticarial plaques and maculopapular rash 
usually starting on the extremities (hands, fingers, toes) 

¢ Arthralgias 

* Lymphadenopathy 

¢ Glomerulonephritis 

* Elevated erythrocyte sedimentation rate (nonspecific marker) 

* Reduced concentrations of C4 and C3; possible elevations in C3a 


Vasculitis® ®88,188 


¢ Skin manifestations—purpura, maculopapular rash, hemorrhagic blisters; skin biopsy revealing 
leukocytoclastic vasculitis with fibrinoid necrosis and lymphocytic infiltrate 

* General—fever, nausea, abdominal pain, polyarthritis, jomt swelling 

* Kidney—urinalysis revealing proteinuria, granular casts, and red cells; kidney biopsy may reveal deposition 
of IgG, IgM, or activated complement (C3) 

* Pulmonary—hemoptysis, wheezing, pleuritic pain, presence of infiltrate on chest x-ray 

¢ Sore throat, hoarseness 

* Synovitis 

¢ Elevated erythrocyte sedimentation rate, presence of antinuclear antibodies or antineutrophilic cytoplasmic 
autoantibodies 


IgG = immunoglobulin G, IgM = immunoglobulin M. 


The clinical presentation of drug-induced allergic blood disorders is included 
in Table 6-5. Depending on the causative drug, the patient may present with 
hemolytic anemia, thrombocytopenia, or granulocytopenia.!!*.''4 These peripherally 
mediated blood disorders typically occur within 5-21 days after drug 
initiation.!!?!!4 The affected blood cell counts decline rapidly, compared with the 
relatively slow decline in the counts observed with bone-marrow-mediated blood 
disorders. In some patients, drug-specific antibodies (IgM or IgG) and reduced 
serum concentrations of C3 and C4 can be observed. !!3-!!4 


Table 6-6 Conditions to Consider in the Differential Diagnosis of 
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Drug Allergy 


Anaphylaxis! 79:180,184 
¢ Asthma 

* Carcinoid syndrome 

* Cardiogenic shock 

* Croup 

¢ Exercise-induced anaphylaxis 

* Idiopathic anaphylaxis 

* Insect stings or bites 

* Latex allergy 

¢ Panic attack 

¢ Septic shock 

¢ Systemic mastocytosis 

¢ Systemic capillary leak syndrome 
* Scrombroidosis 

* Vasodepressor (vasovagal neurocardiogenic) syncope 
* Vocal cord dysfunction syndrome 


Angioedema!*4,285,286 


* Insect stings or bites 

* Food allergy 

¢ Idiopathic or hereditary angioedema 

* Hereditary or acquired C1 esterase inhibitor deficiency 
¢ Systemic capillary leak syndrome 

* Latex allergy 

¢ Systemic mastocytosis 


Urticaria” 5.286 


* Cutaneous mastocytosis 

* Mastocytosis in association with hematologic disorders (e.g., leukemia) 

* Cholinergic urticaria 

¢ Exercise-induced urticaria 

* Infection (Epstein-Barr virus; hepatitis A, B, C; gastrointestinal parasites) 

* Foods (peanuts, nuts, fish, shellfish, wheat, eggs, milk, soybeans, fruits) 

* Food additives (benzoates, sulfites, monosodium glutamate, FD&C [food, drug, and cosmetic] dyes) 
¢ Scrombroidosis 

* Occupational exposures (latex, chromates in cement industry, cosmetics, plants) 


Serum sickness-like reaction®? 


¢ Autoimmune disease (rheumatoid arthritis, lupus erythematosus) 

* Hepatitis A, B, C 

* Hypersensitivity vasculitis 

* Infection (aspergillosis, histoplasmosis, coccidioidomycosis, blastomycosis, Epstein—Barr virus, 
cytomegalovirus) 


Hypersensitivity vasculitis®©-88 


* Infection (bacterial endocarditis, hepatitis B or C, occult abscess) 
* Rheumatic diseases 
* Malignancy (lymphoma, Hodgkin disease, metastatic carcinoma, multiple myeloma) 
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¢ Autoimmune disease (rheumatoid arthritis, systemic lupus erythematosus, Wegener granulomatosis) 


Hypersensitivity syndrome!®8 


* Cutaneous lymphoma 


The immune-complex diseases consist of a group of conditions including serum 
sickness-like disease (SSLD), hypersensitivity vasculitis, and lupus-like reaction. 
SSLD is a mild and transient form of the serum sickness that originally occurred 
with the administration of horse serum in the form of diphtheria antitoxin. The 
predominant feature of an SSLD is a cutaneous eruption that manifests within 5—21 
days after drug initiation.'8’ Approximately 90% of patients have either an 
urticarial reaction due to complement-mediated activation of the mast cells (one 
third of patients) or a maculopapular rash on the abdomen and extremities with 
possible extension to the palms and soles (two thirds of patients).°”:!8”!88 The rash 
is usually preceded by a prodromal phase consisting of fever and malaise, 
arthralgias, and lymphadenopathy. In rare instances, the reaction can extend to 
involve the kidney (1.e., glomerulonephritis). SSLD has been reported in 
association with a number of drugs, including B-lactam antibiotics, bupropion, 
cefaclor, ciprofloxacin, minocycline, and sulfonamides.®”7°8°*? Drug-induced 
SSLD is often described as a mild condition that is self-limiting after 
discontinuation of the causative agent. However, in some cases, it progresses to a 
more serious vasculitis. Any evidence of mucous membrane involvement (i.e., 
mucocutaneous lesions of the mouth, genitalia, nares) may suggest the development 
of a more progressive condition, such as SJS. 


Drug-induced vasculitides are associated with acute inflammatory and necrotic 
lesions of the arteries, arterioles, venules, and capillaries. Consistent with other 
immune-complex diseases, an initial prodromal period is noted within 1-3 weeks 
after drug initiation and usually consists of fever, arthralgias, and sore throat.*®!%° 
Cutaneous vasculitis, described as either a purpuric or maculopapular rash of the 
lower extremities, is the most common presenting manifestation.’ The purpuric 
lesions can progress to necrotic ulcerations, and the vasculitic process can extend 
to include the kidneys, lungs, nasal mucosa, and ears. A number of drugs, such as 
propylthiouracil, hydralazine, minocycline, phenytoin, and allopurinol, can induce 
vasculitis through the production of antineutrophil cytoplasmic autoantibodies.*° 
Other terms used to describe this condition include leukocytoclastic vasculitis, 
polyarteritis nodosa, and Churg—Strauss syndrome. 


RISK FACTORS 
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The rarity of drug allergy suggests a reliance on contributory or predisposing 
factors. Risk factors for drug allergies have been categorized as either drug-related 
or patient (host)-related. Many extensive reviews have been published describing 
predisposing factors for both the induction of an immune response to a drug and the 
elicitation of an allergic drug reaction.!:!5*-!89.!90 However, debate continues as to 
the influence of these factors on the risk of reactivity. Most risk factors have been 
identified through small-scale studies and indirect clinical observations. In 
addition, the majority of the risk assessments have been determined from the study 
of penicillin. At present, it is not known whether risk factors associated with the 
penicillins can be extrapolated with confidence to other antigenic drugs. Proposed 
risk factors for drug allergy are listed in Table 6-7. In addition, risk factors 
associated with specific drugs (e.g., the penicillins, sulfonamides, radiocontrast 
media) are identified. 


Table 6-7 Risk Factors for Allergic and Nonimmune Drug 


Hypersensitivity Reactions 





Allergic reactions 


Drug-related factors 182,189,190 


* Chemical properties (molecular weight, polypeptide composition, foreign proteim) 
* Dose and duration of therapy 
¢ Frequency of treatment courses 


Coexisting conditions 
* Active infection with Epstein-Barr virus (aminopenicillins)70! 


* Active infection with human immunodeficiency virus (sulfonamides, dapsone, penicillins, ciprofloxacin, 


phenytoin) 


* Cystic fibrosis (B-lactams)20®-208 
* HHV-6 (DRESS)204.295 


Genetic factors 


- HLA B*5701 (abacavir)!93 

* HLA-B*5801 (allopurinol)>?> 

* HLA-B*1502 (carbamazepine, phenytoin, fosphenytoin)> 55,356 
¢ HLA-DRA (amoxicillin, penicillins) !9© 

* CYP2C9*3 (phenytoin)*>® 

* HLA-B*13:01 (dapsone) !98 

Patient history 

* History of a previous reaction to the specific agent 


Pre-existing IgE antibodies against galactose-a-1,3 -galactose~*?> 


* Cetuximab 
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Nonimmune drug hypersensitivity reactions 


Drug-related factors” 


* Dose (vancomycin, opiates) 
¢ Infusion rate (vancomycin, paclitaxel) 


Patient factors?” 


* Female sex (radiocontrast media) 10 


- Atopy (radiocontrast media, aspirin)” !1,216 
¢ Asthma (radiocontrast media, aspirin) 10,11,215 
* Race (angiotensin-converting enzyme inhibitors)” 13,214 


Concomitant drug therapy 


¢ -blockers (radiocontrast media)” 1,212 


DRESS = drug rash with eosinophilia and systemic symptoms, HH V-6 = human herpesvirus 6, HLA = human 
leukocytic antigen. 


The three most commonly described drug-related risk factors for an allergic 
reaction are increased molecular size (molecular weight >4,000 Da), chemical 
composition consisting of proteins or polypeptides, and the ability of the drug or its 
reactive metabolite to bind covalently to a carrier protein.'8? The presence of 
proteins of nonhuman origin (e.g., chimeric monoclonal antibodies containing 
murine-based components, pork insulin, streptokinase) or the inclusion of antigenic 
excipients (e.g., FD&C dyes, peanut oil, soybean emulsion, sulfites) also increase 
the risk of drug reactivity. Other proposed drug-related factors include route of 
drug administration, dose, and frequency of administration. Sensitization to a drug 
can occur via any route of administration, and allergic reactions have been reported 
in association with all routes. !4°:!8* However, once a patient has been sensitized to 
a drug, subsequent administration of that drug by the parenteral route has been 
associated with increased severity of an allergic drug reaction.!”° This observation 
is largely explained by the higher rate of drug delivery with the parenteral route 
versus other routes of administration, particularly the oral route.'®? Allergic 
reactions can occur with any dose of a drug, but sensitization is more likely to be 
achieved with continuous drug dosing rather than single-dose therapy. !** Rarely, an 
allergic reaction may be dose-dependent, as with penicillin-associated hemolytic 
anemia, which is observed only with continuous intravenous dosing of >20 million 
units daily. More commonly, once a patient has been sensitized to a drug, the 
severity of the reaction is usually proportional to the dose administered. The 
frequency of exposure to a given allergic compound has consistently been shown to 
increase the risk of an immune response, particularly involving IgE. Humoral drug 
sensitivity is finite, and there is a large degree of interpatient variation in the 
duration of sensitivity. As such, the shorter the interval between treatment regimens 
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with a sensitizing drug, the more likely the patient will have retained sensitivity and 


be able to mount an allergic reaction.”!40.!82.18° 


Proposed patient-specific risk factors include age, sex, genetic predisposition, 
and concomitant conditions. Allergic reactions to some drugs have been reported 
more commonly among patients in specific age groups; however, age has not been 
consistently identified as a risk factor.*!?! For example, anaphylaxis associated 
with penicillin has been reported more commonly in patients between the ages of 
20 and 49 years than in children.!?* This finding relates less to the specific age of 
the patient than to the number of potential exposures to the specific allergenic drug. 
Within the age of 20—49 years, a greater likelihood exists that a patient has been 
previously exposed and possibly sensitized to a penicillin, thereby increasing the 
risk of reactivity on subsequent exposure. Allergic drug reactions do occur in 
children, particularly in those who receive frequent courses of antibiotics for 
chronic otitis media, chronic bouts of bronchitis, or infections associated with 
cystic fibrosis. Therefore, the frequency and number of exposures, rather than age, 
are more likely to increase risk. For unknown reasons, drug allergy occurs more 
frequently in female than male patients. Bigby et al.!°! reported a 35% higher 
incidence of drug-induced allergic cutaneous reactions in women than in men. 


Genetic factors may influence a patient’s risk of drug allergy. In order for T- 
helper cells to recognize a drug as an antigen, the drug immunogen must be 
copresented with MHC class molecules.!©?!”°!73 In this regard, patients with 
certain MHC characteristics (or human leukocyte antigens [HLA]) may be at higher 
risk of reacting to a given antigenic compound as compared with patients without 
the specific MHC molecules. For example, in patients infected with human 
immunodeficiency virus (HIV), susceptibility to abacavir-induced hypersensitivity 
has been found to be associated with the of HLA-B*5701, HLA DR7, and HLA- 
DQ3.!73-!94 HLA-DR4 was present in 19 of 26 patients (73%) with hydralazine- 
associated lupus-like syndrome, as compared with 4 of 16 hydralazine-treated 
patients without lupus (25%).!°> Most recently, a single nucleotide polymorphism 
of HLA-DRA, a MHC Class II gene, was found to be a predictor of skin-test 
positivity to amoxicillin and other penicillins, but not cephalosporins.!°° A number 
of HLA alleles have been found to be associated with allergic-mediated severe 
cutaneous drug reactions (see section Cutaneous Diseases). 


In addition to encoding for histocompatibility phenotypes, genetic factors can 
influence the metabolic deactivation of drugs via phase 1 or phase 2 metabolism. 
For example, severe reactions to sulfamethoxazole have been noted in patients with 
hereditary deficiency in N-acetyltransferase (slow acetylators).!°’ Rieder et al.!?8 
reported that 19 of 21 patients (90%) with sulfonamide hypersensitivity were slow 
acetylators, as compared with a 55% frequency of slow acetylators in a race- 
matched control group (p <0.008). It has also been suggested that patients with a 
hereditary deficiency in epoxide hydrolase are at higher risk of anticonvulsant 
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hypersensitivity syndrome because of a lesser ability to detoxify the arene oxide 
metabolite of the aromatic anticonvulsants.!???° In addition to encoding for drug 
metabolic activity, genes also encode for the type of T-cell receptor and 
costimulatory molecules/cytokines involved in the signaling of allergic reactions. 

Although often implicated as a predisposing factor, atopy has not been found to 
increase the risk of drug allergy.'*+!°° Patients who are atopic have high IgE 
responsiveness to environmental allergens, manifesting as allergic rhinitis, allergic 
asthma, and atopic dermatitis. Originally, it was theorized that the high IgE 
responsiveness reported in atopic patients could increase the risk of IgE 
sensitization to drugs. Studies have shown that a history of atopy does not influence 
the likelihood of a patient being sensitized to a drug. However, if an atopic patient 
becomes sensitized to a drug, evidence suggests that the reaction will be more 
severe than that observed in nonatopic patients.”-!®° 

Concomitant viral infections may also predispose a patient to an allergic drug 
reaction. Pullen et al.”°! reported ampicillin-associated morbilliform rash in 18 of 
19 patients (95%) with acute Epstein-Barr virus (EBV) infection. In comparison, a 
morbilliform skin rash develops in approximately 5% to 10% of the general 
population exposed to an aminopenicillin (e.g., ampicillin, amoxicillin).7° Patients 
infected with other viral pathogens, such as human herpesvirus 6 (HHV-6) and HIV, 
have also exhibited an increased risk of drug allergy. In HIV-infected patients, 29— 
65% of those treated with sulfamethoxazole exhibited an allergic or allergic-like 
reaction, and the risk of reactivity to a number of other drugs (e.g., ciprofloxacin, 
dapsone, foscarnet, penicillins, phenytoin, rifampin) has also been shown to be 
increased.*°? HHV-6 has been linked to an increased risk of DRESS.7%?° The 
mechanism by which viral infections increase the risk of drug reactivity is not 
completely understood. Proposed mechanisms include virally mediated alterations 
in drug metabolism, upregulation of MHC class II molecules on APCs, and 
increased release of cytokines such as interferon 6, which amplify the immune 


response. !68:173,174 


Cystic fibrosis is a risk factor for allergic reactions to B-lactam antibiotics. At 
least 20% of patients with cystic fibrosis have an allergic reaction during an 
antibiotic treatment course, and the risk increases with the number of treatment 
courses.2°° The most commonly reported allergenic B-lactam antibiotic in these 
patients was piperacillin in a 1994 study~°’; however, increased rates of reactivity 
have also been demonstrated with other antipseudomonal penicillins and 
cephalosporins.2°°2 Evidence suggests that these reactions are not typically 
mediated by the B-lactam ring, but are more likely to be reactions to the side chains 
of the agents.?”° 

Risk factors for nonimmune DHRs are highly dependent on the specific 
causative drug. For example, the risk of an anaphylactoid reaction associated with 
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a radiocontrast agent is higher in women, patients with atopy or asthma, and 
patients receiving nonselective or selective B-adrenergic blocker therapy.7!°?!? 
Risk factors for ACE inhibitor-induced angioedema include black race, a history of 
idiopathic angioedema secondary to a deficiency in complement-1-esterase 
inhibitor, and receiving longer-acting agents (i.e., enalapril, lisinopril).!4!7!°7"4 
Aspirin intolerance manifesting as aspirin-induced asthma is more commonly 
observed in patients with history of asthma with or without allergic rhinitis or nasal 
polys.!9!!7!5 Aspirin- or NSAID-induced exacerbations of urticaria or angioedema 
are more common in atopic patients with history of idiopathic urticaria or 
angioedema.!° 


The most reliable risk factor for hypersensitivity and most nonimmune DHRs is 
history of a prior reaction to the drug. For example, patients with a history of an 
anaphylactoid reaction to a radiocontrast agent have a 16-44% risk of having a 
reaction on re-exposure particularly to a high-osmolarity agent.*!’ For the 
penicillins, a reliable skin testing method with a high negative predictive value has 
allowed for more accurate determinations of the risk of reactivity on re-exposure. 
In a patient with a positive history of an IgE-mediated reaction to a penicillin, a 
positive skin-prick test revealed a 50-70% risk of an IgE-mediated reaction on re- 
exposure.~!® In contrast, a negative skin test indicates only a 2-3% risk of an IgE- 
mediated reaction on re-exposure.”!® Unfortunately, reliable skin-test reagents for 
other highly allergenic drugs have not been produced, thereby limiting the ability to 
accurately assess the risk of reactivity to other allergenic drugs. 


MORBIDITY AND MORTALITY 


In 2002, a task force assembled by the Immunotoxicology Technical Committee, 
part of the nonprofit Health and Environmental Sciences Institute, provided an 
estimate of the impact of drug-induced allergic reactions on the healthcare 
system.7!° On the basis of the assumption that 6-10% of adverse drug reactions are 
immune-mediated, it was estimated that 137,000—230,000 hospital admissions in 
1998 in the United States were attributed to drug-induced allergic reactions. Using 
cost estimates determined in 1997 for the treatment of adverse drug reactions in 
hospitalized patients, the task force estimated that the annual cost of hospital-based 
management of drug allergy is $275 million to $600 million.7!? It was further 
hypothesized that the total annual cost for management of both inpatient- and 
outpatient-related drug allergic reactions could approach $1 billion. 


PREVENTION 
ALLERGIC REACTIONS 
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Drug-induced allergic reactions have consistently been considered as unpredictable 
in nature and largely unpreventable. However, continuing advances in 
pharmacogenomics research may alter the level of preventability of these events. 
Prospective screening for the presence of the HLA-B*5701 allele has been shown 
to lower the risk of hypersensitivity to abacavir.'? In a double-blind, controlled 
study, 1,956 HIV-infected patients were randomly assigned to undergo either 
prospective screening for HLA-B*5701 prior to the initiation of abacavir or a 
standard-of-care approach to abacavir therapy.!?> Prospective screening for HLA- 
B*5701 with subsequent avoidance of abacavir in identified carriers prevented the 
occurrence of immunologically confirmed hypersensitivity reactions. Screening 
was associated with a negative predictive value of 100% and a positive predictive 
value of 47.9% in this primarily white population.!?> The investigators calculated 
that only 14 patients would have to be screened to prevent one case of abacavir 
hypersensitivity. Screening for the HLA-B*5701 allele is currently available. 
Screening for other HLA alleles is also available for patients considered as high 
risk for serious cutaneous adverse reactions to allopurinol, carbamazepine, 
phenytoin, and fosphenytoin (see section Cutaneous Reactions). 


Once a patient has had an allergic reaction to a drug, a number of measures can 
be taken to prevent a subsequent reaction. The most important preventive measure 
is patient education. In particular, patients should be educated regarding avoidance 
of the causative drug and any cross-reactive drugs in the future. If a potentially 
immunogenic medication is deemed necessary, the use of graded challenge and 
induction of drug tolerance (i.e., desensitization) can often be used to prevent 
reactions on drug re-exposure.*”*7! A graded challenge procedure, or test dosing, 
involves the cautious administration of a drug when the risk of a reaction is 
considered to be low. Graded challenge does not alter the immune or nonimmune 
response to the drug.7! Instead, it is used when the risk of an immediate reaction to 
a drug or related drug on re-exposure is deemed low, no alternative agent is equally 
effective, and a reliable skin testing method 1s not available. Classic examples 
include the slow introduction of furosemide in a patient with history of sulfonamide 
allergy or the slow introduction of a third-generation cephalosporin in a patient 
who previously developed a reaction to a first-generation cephalosporin. The 
starting dose is typically 1/10th—-1/100th of the final treatment dose, and doses are 
increased in two- to fivefold increments every 30 or 60 minutes until the full 
therapeutic dose is attained.77!77 


In contrast, temporary induction of drug tolerance, also known as 
desensitization, is used to modify a patient’s response to a drug. Such procedures 
are intended to alter the immune response and render mast cells less responsive to 
degranulation. The term desensitization should be used when the underlying 
mechanism of the drug intolerance is believed to be IgE-mediated (e.g., anaphylaxis 
due to penicillin).2?? The incremental dosing used in a desensitization protocol 
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allows for downregulation of the immune response and temporary administration of 
the inciting agent. Reactions most amenable to desensitization are IgE-mediated 
involving the skin (e.g., angioedema, urticaria), upper and lower respiratory tract 
(e.g., dyspnea and wheezing), and cardiovascular (e.g., hypotension). Neither 
graded challenge nor desensitization should be used in patients with history of 
severe non-IgE-mediated drug allergies manifesting as DRESS, SJS, TEN, 
exfoliative dermatitis, hemolytic anemia, or hepatitis. 


Guidelines for the avoidance of allergic reactions to common drug allergens are 
provided below. 


Table 6-8 Skin Testing for IgE Responsiveness to B-Lactam 


Antibiotics 


Step 1. Epicutaneous (scratch, prick) test with benzylpenicilloyl-polylysine (Pre-Pen) and the minor 
determinants. Make a nonbleeding scratch of the skin with a lancet. Administer the dose of the reagents 
(below): 

¢ Pre-Pen, full-strength dilution; 1 drop 

* Penicillin G, 10,000 units/mL; | drop 

Step 2. Evaluate the scratch sites within 10-15 minutes. A positive test result is the presence of itching or an 
erythematous or wheal reaction at either site of the scratch tests. If the reaction is positive, do not proceed with 
further testing. 





Step 3. If the scratch test is negative, proceed with intradermal testing. 


¢ Pre-Pen, full strength; 0.02 mL intradermally 

* Penicillin G, 10,000 units/mL; 0.02 mL intradermally 

¢ Administer a positive control (histamine) and a negative control (saline) 

Step 4. Evaluate the sites of intradermal injections within 15—20 minutes. A positive reaction is the presence of 
itching, erythema or wheal >4 mm, or a wheal reaction >50% the size of the original size of the bleb from the 
injection of either Pre-Pen or the minor determinants (penicillin G). Assess the site of histamine and saline 
control. If the histamine control site is not positive, consider interference by antihistammergic agents. 


p-LACTAM ANTIBIOTICS 


Whenever possible, a non-B-lactam antibiotic should be used in patients with a 
history of penicillin allergy. If a B-lactam antibiotic is therapeutically necessary 
(i.e., treatment of syphilis in a pregnant woman, patient with cystic fibrosis and 
pneumonia) in a patient with history of IgE-mediated allergy, epicutaneous (prick, 
scratch) skin testing is the preferred technique for assessing the likelihood of a 
reaction on re-exposure. The skin-testing procedure is described in Table 6-8. 
Penicillin is rapidly hydrolyzed to a number of reactive metabolites or antigenic 
determinants. Ninety-five percent of the penicillin molecules that covalently bind to 
proteins are in the form of benzyl penicilloyl, commonly regarded as the major 
determinant of penicillin. The parent drug and reactive metabolites found in lesser 
quantities, such as penilloate and penicilloate, are referred to as minor 
determinants. Both the major and minor determinants can elicit an IgE-mediated 
response; thus, both are recommended for use when skin testing for IgE 
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responsiveness. Penicilloyl polylysine (PPL), the major determinant bound to 
protein, is commercially available as Pre-Pen. The minor determinants are not 
commercially available in the United States; however, kits containing both the 
major and minor determinants are available in Europe (Diater Labs, Madrid 
Spain).*> In the United States, a dilute concentration of penicillin G (10,000 
units/mL) is recommended with PPL for skin testing.?”+ Studies have shown a 
similar reaction rate to oral penicillin in patients with skin-test negativity to PPL 
plus penicillin G versus those with skin-test negativity to the full set of major and 
minor determinants.**+7?> When used together for skin testing (i.e., PPL and diluted 
penicillin G), 97% of patients with a negative skin test have subsequently tolerated 
a penicillin.?”° Patients with a positive skin test to either determinant and a positive 
allergy history have a 50-70% risk of reacting with an IgE-mediated response to 
penicillin on re-exposure.?”° This risk of B-lactam mediated reactivity can also be 
applied to semisynthetic penicillins and, with lesser certainty, to cephalosporins 
and carbapenems.””’78 Little to no risk of a cross-reaction exists between 
penicillin and aztreonam, a monobactam.””’ A negative penicillin skin test indicates 
that the risk of an immediate type I reaction to penicillin or another B-lactam is 
extremely low. These patients are candidates for treatment with full therapeutic 
doses of a penicillin or a related B-lactam. Of note, skin testing with PPL and the 
minor determinant(s) does not identify patients who are at risk for unique side- 
chain mediated reactions to f-lactams (e.g., third-generation cephalosporins, 
piperacillin). 

It is important to keep in mind that skin testing only indicates the potential for an 
IgE-mediated reaction to penicillin. Skin testing does not quantify the risk of having 
an IgG-, an IgM- or a cell-mediated reaction. Patients with a history of SJS, 
exfoliative dermatitis, or TEN associated with a penicillin should not undergo skin 
testing. 

In addition to f-lactam-mediated allergic reactions, side-chain-specific 
reactions are increasingly reported with a number of penicillins, particularly the 
aminopenicillins and piperacillin.?°°3! As such, a patient with an allergy to one of 
these penicillins may not react to other penicillins. Structural similarities and 
differences between the penicillins are depicted in Figure 6-1. In a patient with 
history of an urticarial or other IgE-mediated reaction to an aminopenicillin or 
piperacillin, skin testing with Pre-Pen and the minor determinants is the preferred 
method to rule out B-lactam-mediated allergy. If the skin test result is negative, the 
patient may be challenged with a penicillin with a structurally different side chain. 
Dilute concentrations of amoxicillin and piperacillin have also been used to skin 
test for side-chain-mediated reactions.7*~*> In addition to causing side-chain- 
mediated allergic reactions, some penicillins have been associated with the 
development of nonimmunologically mediated drug eruptions. Maculopapular rash 
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with an aminopenicillin (i.e., amoxicillin, ampicillin) may be an idiosyncratic 
reaction, particularly in a patient with acute EBV infection.7°!7 


Benzylpenicillin ae 
(Penicillin G) Ampicillin 


Phenoxymethylpenicillin = 
(Penicillin V) Amoxicillin 


Ticarcillin 


Azlocillin 


Oxacillin 


Cloxacillin Mezlocillin 


Dicloxacillin 


Piperacillin 


Flucloxacillin 





FIGURE 6-1 Similarities and Differences in the Structures of Various 
Penicillins 


Source: Reprinted with permission from Baldo BA. Penicillins and cephalosporins as allergens—structural 
aspects of recognition and cross-reactions. Clin Exp Allergy. 1999; 29:744-9. 
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The risk of cross-reactivity between penicillins and cephalosporins is low, 
particularly between penicillin and the second- and third-generation agents. On the 
basis of laboratory studies, the risk of cross-reactivity between penicillins and the 
first-generation cephalosporins is less than 10%, and the risk of a cross-reaction 
between the penicillins and the third-generation cephalosporins is as low as 1%.7*2 
One meta-analysis included nine studies in which the risk of cephalosporin allergy 
was compared in penicillin-allergic and nonpenicillin-allergic patients. Compared 
to nonallergic patients, the risk of cross-reactivity in penicillin-allergic patients 
was highest in association with the first-generation cephalosporins (OR 4.79, 95% 
CI 3.71-6.17).7* The first-generation agents included in the analysis (i.e., 
cephalothin, cephaloridine, cephalexin) had R1 substitutions similar to that of 
penicillin. The odds ratios for risk of cross-reactivity to the second- and third- 
generation cephalosporins were not significant at 1.13 (95% CI 0.61—2.12) and 
0.45 (95% CI 0.18-1.13), respectively.7*4 The lower risk of cross-reactivity 
between these agents and penicillin may be attributed to structural differences in the 
R1 substitution on the B-lactam ring. In patients with a history of maculopapular 
rash associated with a penicillin, the benefits of using a second- or third-generation 
cephalosporin may substantially outweigh the potential risk of a cross-reaction. In 
patients with a history of an IgE-mediated reaction and skin-test positivity to 
penicillin, first-generation cephalosporins should generally be avoided. If deemed 
medically necessary, a cephalosporin can be administered via a graded challenge, 
or attempts can be made to desensitize the patient to the cephalosporin.” 


CARBAPENEMS 


Carbapenems contain a B-lactam ring attached to a modified thiazolidine ring with 
two side chains. The risk of a cross-reaction between a penicillin and a 
carbapenem appears to be much lower than originally described. In three 
retrospective studies of patients with a history of penicillin allergy, the rates of 
cross-reaction to a carbapenem (e.g., imipenem, meropenem) were 9.2%, 9.5%, 
and 11%.7*°-*37 Each study was limited by its retrospective design, heavy reliance 
on self-reported penicillin allergy histories, and the lack of skin testing to confirm 
IgE reactivity. In prospective studies, both skin testing and carbapenem challenge 
dosing were used to assess cross-reactive risk.7°*?** In one of these studies, 
patients with negative results on skin testing for imipenem underwent graded 
challenge dosing of imipenem to a total dose of 500 mg.**? None of the 110 patients 
reacted to imipenem. A low risk of cross-reactivity between meropenem and 
penicillin was demonstrated in two studies, one involving children ages 3-14 
years.-"4! Tn both studies, only one patient with skin-test positivity to penicillin 
had a positive skin test to meropenem. Graded challenge dosing with meropenem 
was tolerated in 100% of the skin-test-negative patients in both studies.74074! Most 
recently, cross-reactivity between penicillin and ertapenem, meropenem and 
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imipenem was studied in 212 patients with skin-test positivity to a penicillin.7” 


None of the 212 patients had skin test positivity to a carbapenem, and 211 
successfully completed graded challenge dosing to a full therapeutic dose of each 
carbapenem.”*” Based on these results, carbapenem use should not be routinely 
avoided in a patient with history of penicillin allergy. Depending on the allergy 
history, challenge dosing with the carbapenem may be appropriate. In cases of skin 
test positivity to penicillin or history of severe penicillin allergy, desensitization 
may be performed.” The risk of cross-reactivity between the carbapenems is also 
unknown. Imipenem-sensitive patients tolerating meropenem following graded 
challenge and meropenem desensitization have been reported.**7.*4 


CEPHALOSPORINS 


A patient with a cephalosporin allergy should be interviewed in depth to obtain 
information on all antibiotics that have evoked allergic reactions and those that 
have been administered without adverse incident. Patients with a history of 
reactivity to one cephalosporin may or may not exhibit reactivity to other 
cephalosporins or penicillins.2*? Although cephalosporins share the antigenic B- 
lactam ring of the penicillins, they are more likely to cause allergic reactions 
mediated by side chains at either the R1 or R2 positions. Structural similarities and 
differences in the cephalosporins based on R1 and R2 substitutions are depicted in 
Figure 6-2. 
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FIGURE 6-2 Similarities and Differences in the Structures of Various 
Cephalosporins 


1Cephamycin with an a-methoxy group (-OCH3) at the 7-position. 


Source: Reprinted with permission from Baldo BA. Penicillins and cephalosporins as allergens—structural 
aspects of recognition and cross-reactions. Clin Exp Allergy. 1999; 29:744-9. 
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In a patient with a history of an urticarial or other IgE-mediated reaction to a 
cephalosporin, either the antigenic B-lactam ring or an antigenic side chain of the 
cephalosporin may serve as the antigenic determinant. Skin testing with Pre-Pen 
and the minor determinant can help to identify the likelihood of a B-lactam allergy. 
More commonly, allergic reactions to cephalosporins are mediated via the R1 side 
chain. Examination of the cephalosporin’s side chains may aid in the determination 
of potential cross-reactive agents. For example, cefaclor and cephalexin have 
identical side chains at the R1 position and cephalothin and cefotaxime have 
similar side chains at the R2 position.2! Ceftazidime shares a common side chain 
with aztreonam.**? Overall, the risk of cross-reactivity between cephalosporin 
antibiotics is believed to be greater than the risk of cross-reactivity between the 
cephalosporins and the penicillins.7* In patients with selective allergy to a 
cephalosporin, decisions regarding the use of alternative cephalosporins should be 
based on the severity of the allergic reaction, the availability of equally effective 
non-B-lactam antibiotics, and the structure-specific feature (i.e., Rl and R2 
substitutions) of the cephalosporin. 


SULFA DRUGS 


In a patient with a documented or reported sulfa allergy, the first step in prevention 
of a subsequent reaction is accurate and complete history taking. Clarification is 
needed regarding the specific sulfa drug to which the patient reacted in the past, and 
whether he or she has taken other sulfa drugs without incident. Sulfa drugs, by 
definition, possess a sulfamoyl (SO,NH,) moiety. Sulfate salts (e.g., morphine 


sulfate, atropine sulfate), sulfites, and sulfides are not members of the “sulfa” drug 
class. Sulfa drugs include sulfonamide antibiotics, thiazide diuretics, loop diuretics 
(e.g., bumetanide, furosemide, torsemide), oral sulfonylurea hypoglycemic agents, 
carbonic anhydrase inhibitors (e.g., acetazolamide, dorzolamide), celecoxib, 
metolazone, sumatriptan, and zonisamide.2*°? The antiviral agents amprenavir, 
fosamprenavir, and darunavir are also classified as sulfa drugs. This drug class can 
be further categorized based on the presence or absence of an aromatic amine group 
in the N4 position. Sulfonamide antibiotics (e.g., sulfadiazine, sulfamethoxazole, 
sulfapyridine, amprenavir) have an arylamine at the N4 position, whereas the 
sulfonamide nonantibiotics (as listed above) do not.!’!74> Presence of an arylamine 
at the N4 position may influence the type of reactivity to a sulfa drug and the 
potential for the sulfa drug to be reactive.'7!7*° Compared with nonantibiotic 
sulfonamides, the sulfonamide antibiotics are associated with a higher frequency of 
severe allergic reactions such as SJS. Sulfonamide antibiotics also have an NI 
substituent consisting of a 5- to 6-member heterocyclic ring containing >1 nitrogen, 
which has been linked to the development of IgE-mediated reactions.!’!7*° 
Structural differences between the sulfonamide antibiotics and the nonantibiotic 
sulfonamides are illustrated in Figure 6-3. 
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FIGURE 6-3 Structural Differences Between the Sulfonamide Antibiotics and 
the Nonantibiotic Sulfonamides 


Source: Reprinted with permission from Shapiro LE, Knowles SR, Weber E et al. Safety of celecoxib in 
individuals allergic to sulfonamide: a pilot study. Drug Saf. 2003; 26:187-95. 


Although sulfa drugs are well recognized as allergenic, the risk of reactivity to 
a specific sulfa drug and the risk of cross-reactivity to other sulfa drugs are not 
completely known. The lack of a commercially available, reliable reagent for skin 
testing limits the value of such testing for determination of sulfa allergy. Arndt and 
Jick, as part of the Boston Collaborative Drug Surveillance program, compared the 
frequency with which different sulfa drugs caused allergic reactions in a cohort of 
prospectively monitored inpatients.2*’ The risk of reactivity to sulfamethoxazole 
was the highest at 6% (10 of 169), followed by sulfisoxazole (1.7%, or 8 of 462), 
chlorothiazide (0.28%, or 2 of 707), hydrochlorothiazide (0%, or 0 of 1,263), and 
tolbutamide (0%, or 0 of 702).747 On the basis of this study, sulfamethoxazole is 
frequently cited as the most reactive of the sulfa class. Strom et al.7** studied the 
risk of cross-reactivity between a sulfonamide antibiotic (e.g., sulfamethoxazole) 
and nonantibiotic sulfonamides (e.g., acetazolamide, loop diuretic, sulfonylurea, 
thiazide) in a retrospective cohort. Study patients received a nonantibiotic 
sulfonamide at least 60 days after having experienced an allergic reaction to a 
sulfonamide antibiotic. The risk of an allergic reaction in these patients within 30 
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days of receipt of the nonantibiotic sulfonamide was compared with that of a 
control group of patients without history of sulfa allergy. Of the 969 patients with 
history of sulfa allergy, 96 (9.9%) had a reaction to the nonantibiotic sulfonamide 
as compared with 315 (1.6%) of the 19,257 patients without a history of sulfa 
allergy.°** Based on the results of this study, the risk of a cross-reaction between 
the sulfa subclasses is considered low. In fact, patients in this study with a history 
of sulfonamide antibiotic allergy exhibited a higher risk of subsequent reactivity to 
a penicillin (14%) than to a nonantibiotic sulfonamide (9.9%). When interpreting 
the findings of this study, consideration should be given to study design (i.e., 
retrospective cohort) and the broad definition for drug allergy that included 
eczematous reactions. 


In a patient who is allergic to a specific sulfa drug (e.g., sulfamethoxazole) and 
requires treatment with another sulfa agent (e.g., a loop diuretic), the severity of the 
patient’s previous allergic reaction is an important factor. Sulfa drugs can cause 
serious mucocutaneous events such as SJS and TEN, and they can also cause 
relatively mild maculopapular rash or other isolated skin rash. The severity of the 
reaction should largely influence the decision as to whether the causative sulfa drug 
or other sulfa drugs should be administered in the future. Although the structures of 
the sulfa agents may influence reactivity, cases of suspected cross-reactions 
between sulfonamide antibiotics and nonantibiotics have been reported.74°*° If 
therapy with a sulfa drug is deemed necessary in a patient with history of sulfa 
allergy, administration of graded challenge doses should be considered. At least 
two cases have been published describing the successful administration of graded 
challenge doses of loop diuretics in patients with a history of sulfa allergy.?°!?>? 
Desensitization to hydrochlorothiazide has also been described, starting with 0.025 
mg followed by 10-fold incremental dosing every 15 minutes to a final dose of 25 
mg,253 


TETRACYCLINES 

The risk of cross-reactivity between the tetracyclines 1s unknown. Serum sickness- 
like reactions have been reported in association with tetracycline, doxycycline, and 
minocycline.*** Minocycline is considered to be the most antigenic agent in the 
tetracycline class, based on the number and severity of reported cases (1.e., lupus- 
like syndrome, serum sickness-like reaction).** The antigenicity of minocycline has 
been attributed to its unique amino acid side chain.*°* Until more is known about 
the antigenic properties of this drug class, it may be best to avoid the use of all 
tetracyclines in patients with a history of a severe reaction to any specific 
tetracycline. 


AROMATIC ANTICONVULSANTS 
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A high degree of cross-reactivity exists between the aromatic anticonvulsants (e.g., 
carbamazepine, phenobarbital, phenytoin).2°> In vitro lymphocyte testing has 
revealed cross-reactivity between all three of these anticonvulsants in 40 of 50 
patients (80%) with anticonvulsant hypersensitivity syndrome (AHS).!°? Thus, 
patients with AHS associated with one aromatic anticonvulsant should be advised 
to avoid the others. Moreover, family members of patients with AHS may be at 
increased risk of this syndrome.*°° In patients in whom AHS develops, underlying 
seizure disorders can be safely treated with benzodiazepines, gabapentin, or 
valproic acid. Oxcarbazepine, the 10-keto derivative of carbamazepine, has 
exhibited both in vitro and in vivo cross-reactivity with carbamazepine. Some 
patients with carbamazepine-induced AHS have been subsequently treated with 
oxcarbazepine without incident, while others have had severe cross- 
reactions.”>’°8 Lamotrigine, a structurally dissimilar anticonvulsant, has also been 
reported to cause an anticonvulsant hypersensitivity syndrome due to an unknown 
mechanism.!°? For information on prevention of DRESS and SJS due to 
anticonvulsants, see section Cutaneous Diseases in this chapter. 


BIOLOGICS 


The increasing overall prevalence of anaphylaxis is attributed, in part, to the 
increased use of biologics. This drug class consists of monoclonal antibodies, 
fusion proteins, and recombinant proteins derived from living sources such as 
yeast, bacteria, animal cells, or mammalian cells.2>? Examples of biologics include 
recombinant insulin, erythropoietin, interferon $, human growth hormone, 
cetuximab, infliximab, omalizumab, adalimumab, ustekinumab, secukinumab, and 
rituximab. These large proteins can serve as complete antigens. The 
immunogenicity of these agents is largely related to production methods (e.g., 
presence of contaminants or stabilizing agents, degree of protein glycosylation, 
presence of nonhuman protein sequences), and administration (e.g., route of 
administration, rate of infusion, frequency of use).2°? Some immune reactions to 
these agents result from the development of neutralizing antibodies that can blunt 
the biologic agent’s ability to exert its intended effect. Neutralizing antibodies 
occur in up to 60% of patients treated with infliximab, and they have also been 
shown to develop against natalizumab, interferon B-1b, and interferon B-1a.?°? 


Preventive strategies to limit immune-mediated reactions to biologics are 
highly variable and dependent on the culprit agent. With infliximab, the concomitant 
administration of prednisone or low-dose methotrexate has been shown to suppress 
the formation of anti-infliximab neutralizing antibodies.°?*°° Omalizumab, a 
humanized monoclonal antibody targeted against IgE, is associated with the 
development of delayed onset anaphylaxis.”°!® Patients treated with omalizumab 
are advised to carry an epinephrine auto-injector during and 24 hours after drug 
administration, and they should be observed for 2 hours after the first three 
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omalizumab injections and for 30 minutes after subsequent injections.*°!7 


Cetuximab, a human-murine IgG1 monoclonal antibody, causes anaphylaxis via an 
oligosaccharide on the Fab portion of the agent’s heavy chain.*°? This same 
oligosaccharide, galactose-a-1,3,-galactose is present in the Lone Star tick and the 
serum of nonprimate mammals (i.e., certain ingested meats).2° Up to 20% of 
cetuximab-treated patients in specific regions of the southern United States 
developed severe reactions to cetuximab on first exposure, potentially explained by 
cross-reactions involving pre-existing IgE antibodies against galactose-a-1,3,- 
galactose.*™ In addition to allergic reactions, biologics may also cause nonimmune 
DHRs. Depending on the agent, the preventive strategy may include decreasing the 
rate of drug infusion, pretreatment with antihistamines or corticosteroids, or 
concomitant administration of corticosteroids. Desensitization protocols have also 
been described for infliximab, cetuximab,and rituximab.2©? 


DRUG HYPERSENSITIVITY REACTIONS 


Unlike allergic reactions, the administration of pretreatment regimens can prevent 
many DHRs. Recommended pretreatment regimens for selected agents are provided 
in Table 6-9. In addition, some DHRs are best prevented by avoidance of the 
causative agent and other pharmacologically similar drugs in the future. 


ACE INHIBITORS 


Patients with ACE-inhibitor-induced angioedema should be educated to avoid all 
ACE inhibitors in the future. Re-exposure to the causative agent or to another ACE 
inhibitor may result in more severe reactions.*°’ In addition to women and African 
Americans, an additional risk factor for ACE-inhibitor-mediated angioedema 1s 
concomitant use of the neprilysin inhibitor sacubitril. Inhibition of neprilysin leads 
to accumulation of bradykinin. To avoid the risk of additive inhibitory effects on 
bradykinin metabolism, it is recommended that patients undergo a 36-hour washout 
when switching from ACE inhibitor therapy to combination therapy with sacubitril— 
valsartan. 


Although angiotensin-receptor blockers (ARBs) have no direct effects on the 
catabolism of bradykinin, angioedema associated with the use of an ARB has been 
described.” In a meta-analysis of 35,000 patients treated with an ARB, the 
weighted incidence of angioedema was 0.11%.*°? ARBs may cause angioedema by 
a mechanism independent from that of ACE inhibitors; thus, the term cross- 
reactivity may not directly apply to these events. ARBs are not contraindicated in 
patients with a history of ACE-inhibitor-induced angioedema, but they should be 
used with caution after careful weighing of the perceived benefits and risks of 
therapy. Gavras and Gavras*” described 10 patients with a history of ACE- 
inhibitor-induced angioedema who were subsequently treated with an ARB without 
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incident. In a more comprehensive systematic review of 71 patients with ACE- 
inhibitor angioedema, the risk of subsequent angioedema associated with an ARB 


was 9.4% for possible cases and 3.4% for confirmed cases.!4° None of the events 
was fatal. As a preventive strategy in this setting, consideration should be given to 
the severity of the event (1.e., diffuse versus localized angioedema) and to prior 
responsiveness to treatment before switching a patient from therapy with an ACE 
inhibitor to an ARB. 


Table 6-9 Approaches to Help Prevent Drug Hypersensitivity 


Reactions 





Hypersensitivity reactions (in general) 


¢ With high-risk drugs, monitor for signs and symptoms of allergy during the first 7-30 days of therapy 

* Be vigilant in monitoring patients who are frequently exposed to allergenic drugs (e.g., patients with cystic 
fibrosis, patients with frequent bouts of bronchitis, pneumonia, or otitis media) 

¢ Educate patients about high-risk drugs and the signs of an allergic reaction 

* Obtain detailed histories of allergies, with attention to the causative agent(s) and the severity of the 
reaction(s) 

¢ Educate patients with a documented allergy to avoid the causative drug in the future (depending on the 
severity of the reaction) 

* Educate patients to avoid drugs structurally similar to the causative agent (depending on the severity of the 
reaction) 

* Educate patients to read drug labels, particularly if the patient is reactive to excipients 


Immediate reactions to radiocontrast media (high- or low-osmolarity 

agent) 

¢ Pretreat using prednisone 50 mg orally, administered at 13 hours, 7 hours, and | hour before administration 
of the contrast agent; diphenhydramine 50 mg orally/IV/IM | hour before the procedure, and ephedrine 25 
mg orally | hour before the procedure (avoid ephedrine in patients with unstable angina, hypertension, 
arrhythmias) /® 

* Inan emergency situation, the following pretreatment regimen has been used: hydrocortisone 200 mg IV 


immediately upon determination of need for the radiocontrast study and every 4 hours until the procedure is 


completed; diphenhydramine 50 mg IV/IM 1 hour before the procedure2/® 


Immediate reaction to paclitaxel 


A number of different pretreatment regimens have been used with success: 


* Pretreat with dexamethasone 20 mg orally at 12 hours, 6 hours, and | hour before paclitaxel infusion; 
diphenhydramine 50 mg IV 30—60 minutes before the infusion; cimetidine 300 mg IV (or ranitidine 50 mg IV, 


famotidine 20 mg IV) before the paclitaxel infusion2°9 


¢ Diphenhydramine 50 mg IV, famotidine 20 mg IV and dexamethasone 20 mg IV, each given 30 minutes 


before the paclitaxel infusion2°! 


Vancomycin red man syndrome 


¢ Administer each 1-g vancomycin dose over at least 1 hour; each 1.5-g dose over at least 90 minutes; each 
2-g dose over 2 hours 
* Pretreat using diphenhydramine 25—50 mg IV, acetaminophen 650 mg orally, hydrocortisone 100 mg IV 
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IM = intramuscular, IV = intravenous. 


SALICYLATES 


Patients with a history of an allergic or allergic-like reaction to a salicylate present 
a clinical challenge to the caregiver. Aspirin and NSAIDs can cause both true 
allergic reactions (e.g., ibuprofen-induced anaphylaxis)and nonimmune DHRs (e.g., 
exacerbations of asthma, urticaria, angioedema).”/! In this setting, it is crucial to 
obtain an accurate allergy history. If a patient’s history suggests reactivity to a 
specific NSAID and lack of reactivity to NSAIDs of other chemically dissimilar 
classes, a true allergic reaction should be suspected.!° Such patients should be 
advised to avoid the specific NSAID and any structurally similar agent (e.g., all 
propionic acid derivatives) because of the risk of cross-reactivity. In patients with 
asthma who describe an exacerbation after the administration of aspirin or another 
COX-1 inhibitor, a nonimmune DHR should be suspected.! These patients are at 
risk of severe asthma exacerbations resulting from the pharmacologic effects of 
aspirin and other potent COX-1 inhibitors on prostaglandin and leukotriene 
synthesis.'*? Inhibition of COX-1 results in a shifting in the metabolism of 
arachidonic acids into leukotrienes that cause bronchoconstriction and increased 
mucus production. Overexpression of leukotrienes may also explain the 
development of aspirin-induced angioedema and urticaria. Patients with aspirin- or 
NSAID-induced asthma, urticaria, or angioedema should be advised to avoid all 
COX-1 inhibitors.!°'*? Studies of short duration involving small numbers of 
patients with aspirin-induced asthma have shown that the COX-2 inhibitors 
celecoxib and rofecoxib do not exacerbate asthma.?’”*2/4 In addition, 
acetaminophen at single doses <1 g, sodium salicylate, choline salicylamide, and 
magnesium trisalicylate have not been shown to exacerbate asthma because of their 
lack of effect on the COX-1 enzyme. In patients with aspirin-induced nonimmune 
DHRs who require aspirin for prevention of cardiovascular disease, both graded 
challenge and desensitization is recommended.”’> A two-dose challenge of 40.5 mg 
(one half of an 81-mg tablet) given 90 minutes apart has shown promising results in 
patients with a history of isolated dermatologic reactions to aspirin.?” If no 
reaction occurs after the second dose, cardioprotective therapy with 81 mg of 
aspirin may commence. In patients with aspirin-induced asthma, desensitization to 
aspirin has been achieved.*”> Rapid desensitization protocols for patients with 
cardiovascular disease requiring aspirin have also been described.*’>-?”/ 


RADIOCONTRAST MEDIA 


Nonimmune DHRs associated with radiocontrast agents may be prevented by the 
use of pretreatment regimens, as noted in Table 6-9. In addition, administration of a 
low-osmolarity agent in conjunction with pretreatment has been shown to reduce 
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the risk of reactivity to approximately 1%.*’* Most recently, there is a trend toward 
skin testing of patients with prior history of reactivity to a radiocontrast agent. Skin 
testing with a panel of different agents may aid in the identification of an agent of 


low reactive risk, thereby reducing the risk of reactivity on subsequent exposure.*”” 


MANAGEMENT 


Recommended treatment regimens for drug allergy vary based on the signs and 
symptoms of the reaction and the type of allergic syndrome. Reactions mediated by 
nonimmune mechanisms are treated in a manner similar to those of true allergic 
reactions, with the choice of therapy based on the patient’s signs and symptoms. 
Table 6-10 provides a summary of recommended treatments for a variety of 
allergic syndromes. 


In 2015, the Joint Task Force of the American Academy of Allergy, Asthma, and 
Immunology and the American College of Allergy, Asthma, and Allergy updated the 
Practice Parameter on the Diagnosis and Management of Anaphylaxis.'** On the 
basis of these guidelines, patients with stridor, respiratory distress, wheezing, 
hypotension, cardiac arrhythmias, shock, or loss of consciousness require 
immediate treatment. Life-threatening conditions may also develop in patients with 
nonlife-threatening symptoms on initial presentation (e.g., localized urticaria).!** 
Table 6-10 summarizes the Joint Task Force’s guidelines for treatment of 
anaphylaxis. The mainstays of therapy are epinephrine 1 mg/mL dilution 
administered intramuscularly, oxygen, and aggressive intravenous fluid 
replacement. In studies of adults and children not experiencing anaphylaxis, 
epinephrine has been shown to be most efficiently absorbed when administered 
intramuscularly, rather than subcutaneously.**? In adults, the preferred intramuscular 
site of injection is the anterolateral thigh, because of a higher rate of absorption.7* 
Consideration should also be given to the addition of a histamine H,-receptor 


blocker and histamine H,-receptor blocker; however, these agents are not rapid- 


acting and should never be used in place of epinephrine. Patients receiving long- 
term B-blocker therapy by either oral or topical routes usually require higher doses 
of epinephrine. '*4 In these patients, anaphylaxis is often severe and associated with 
profound hypotension or bradycardia that are unresponsive to epinephrine. 
Glucagon may be used in these patients for its inotropic and chronotropic effects 
that occur independently of o-receptor responsiveness. Corticosteroids have no 
role in the acute treatment of anaphylaxis, except for patients with a history of 
asthma or idiopathic angioedema; however, these drugs are used adjunctively to 
prevent the late-phase reaction. Patients treated long term with ACE inhibitors may 
also require aggressive treatment for hypotension associated with anaphylaxis. In 
these patients, the release of angiotensin II as a normal compensatory mechanism is 
blunted. Following treatment and resolution of anaphylaxis, the patient should 
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receive education on the self-administration of epinephrine auto-injectors. Patients 
at high risk for recurrence of anaphylaxis should be instructed to carry two auto- 
injectors at all times.!** Adults should receive the 0.3- or 0.5-mg dose (if 
available) and children should receive the auto-injector that provides 0.15 mg per 


dose.**+ The optimal dose for obese patients has not been determined. Concerns in 
the obese population are optimal weight-based dosing and adequate needle length 
for intramuscular delivery of epinephrine.**4 


Table 6-10 Management of Drug Allergy 


Anaphylaxis! 79»180,184 

¢ Discontinue the offending agent 

* Establish and maintain airway 

¢ Administer epinephrine 1 mg/mL (adults 0.3—0.5 mg; children 0.01 mg/kg) IM in the lateral aspect of the 
thigh 

* Place patient in a recumbent position 

* Oxygen 4-10 L/min through facemask or up to 100% oxygen as needed 

* Repeat IM epinephrine every 5—15 minutes for up to 3 injections if the patient is not responding 

¢ Establish IV line for venous access; keep line open with 0.9% saline solution; for hypotension or failure to 
respond to epinephrine, administer 1—2 L at a rate of 5—10 mL/kg in the first S—10 minutes; children should 
receive up to 30 mL/kg in the first hour 

* Consider nebulized albuterol 2.5—5 mg in 3 mL saline every 20 minutes for 3 doses; in children, 0.15 mg/kg 
via nebulizer every 20 minutes for 3 doses 

* In cases of refractory bronchospasm or hypotension not responding to epinephrine because a f-adrenergic 
blocker is complicating management, administer glucagon 1-5 mg (20-30 mcg/kg; maximum | mg in 
children) IV over 5 minutes 

* Give epinephrine by continuous IV infusion for patients with inadequate response to IM epinephrine and IV 
saline; add 1 mg (1 mL of | mg/mL) of epinephrine to 1,000 mL of 0.9% saline solution; start infusion at 2 
mcg/min and increase up to 10 mcg/min based on blood pressure, heart rate, and cardiac function 

* Consider intraosseous access if IV access is unsuccessful in either adults or children 

* Consider diphenhydramine 25-50 mg IM/slow IV infusion in adults, then 25—50 mg orally every 4-6 hours; 1 
mg/kg (up to 50 mg) in children 

* Consider ranitidine 50 mg (adults) or 12.5—50 mg (1 mg/kg) in children, diluted in DSW to a volume of 20 mL 
administered IV over 5 minutes; given every 6—8 hours 

* Consider methylprednisolone 1—2 mg/kg/dose up to 125 mg (or equivalent steroid) to reduce the risk of 
recurring or protracted anaphylaxis; dose can be repeated every 6 hours as required 


Angioedema!*4,235,286 


¢ Discontinue the causative agent 

¢ Establish and maintain airway 

* Treatment is based on the extent and severity of the clinical presentation; treatment may include the 
following: 
o Histamine Hj-receptor antagonist (see Urticaria) 

Epinephrine (see Anaphylaxis) 

Corticosteroids (see Anaphylaxis) 

Nebulized (B7-agonists (see Anaphylaxis) 


oo 0 
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Urticaria25>286 


¢ Discontinue the causative agent 

¢ Administer epinephrine if the diagnosis of anaphylaxis has not been excluded 

¢ First-line therapy (if tolerated): hydroxyzine hydrochloride 25—150 mg daily at bedtime or in divided doses, 
diphenhydramine 12.5—50 mg per dose every 4 to 6 hours as needed 

¢ Alternative first-line therapy: nonsedating antihistamines such as cetirizine 10—40 mg daily or in divided 
doses (adults); loratidine 10-40 mg daily in morning; fexofenadine 180 mg daily or 60 mg twice daily 

* Second-line therapy: doxepin 25—100 mg/day (adults); 25-50 mg/day initially up to a maximum of 100 
mg/day (adolescents); 1-3 mg/kg/day (children) 

* Combinations of antihistamines are also recommended 

¢ Short course of oral corticosteroids if symptoms are severe and not resolving with antihistamines 


Serum sickness-like disease®?»!®® 


¢ Short course of methylprednisolone 
* Corticosteroids (1-2 mg/kg prednisone or equivalent) once daily or administered in 2 divided doses for 5 
days (if severe systemic event) 


Vasculitis®®-88 


¢ Discontinue the offending agent 

* Histamine H1-receptor antagonist (diphenhydramine or hydroxyzine) for pruritus 

* Corticosteroids (1 mg/kg prednisone or equivalent) in divided doses for 7-14 days or bolus IV therapy with 
15 mg/kg/day for 3 days followed by 1 mg/kg/day orally 


Hypersensitivity syndrome!®® 


¢ Discontinue the offending agent 
¢ Systemic corticosteroids (>0.5 mg/kg/day prednisone or equivalent) 


D5W =5% dextrose in water, IM = intramuscular, [V = intravenous. 


Treatment of immune complex diseases is highly variable and dependent on the 
patient’s presentation. In many cases, discontinuation of therapy with the causative 
drug is the only treatment required. Supportive therapy may include a mild 
analgesic/antipyretic, such as acetaminophen, for flu-like symptoms. An oral 
antihistamine should be considered in patients with pruritus associated with an 
urticarial, maculopapular, or mixed skin rash. In some patients, a short course of a 
low-dose oral corticosteroid such as methylprednisolone may be used for treatment 
of a diffuse erythematous, maculopapular skin rash. High-dose corticosteroids (1.e., 
prednisone 40-60 mg/day) should be reserved for patients with systemic events 
involving the kidney or liver, patients with drug hypersensitivity syndromes, or 
patients with vasculitis. !*° The presence of mucosal involvement (i.e., SJS or TEN) 
often precludes the use of systemic corticosteroids because of the risk of infectious 


complications. !°8 


INFORMATION FOR PATIENTS 
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Patients in whom an allergic reaction to a drug develops should be educated as to 
the name of the specific drug, the terminology used to describe the reaction, and the 
likelihood of having a similar or more severe reaction upon re-exposure to the 
drug. If the reaction was severe (e.g., anaphylaxis, SJS), the patient should be 
advised to wear a medical alert tag or bracelet describing the reaction. In the case 
of a severe immediate reaction to a drug or chemical, the patient may be prescribed 
injectable epinephrine in an easily injectable form (e.g., EpiPen or EpiPen Jr.) for 
use in an emergency situation. Such patients should be advised to have at least two 
doses of epinephrine in their possession, particularly if they live in a rural area 
without direct access to emergency care. In addition, these patients must be 
counseled regarding the appropriate administration technique to ensure rapid 
absorption (1.e., intramuscularly into the anterolateral thigh). 


Patients with a history of allergy to a drug or multiple drugs should be 
encouraged to ask questions about newly prescribed medications. For example, a 
patient allergic to a sulfa drug should be advised to question whether any newly 
prescribed medication is considered a “sulfa medication.” Patients with aspirin- 
induced asthma or reactions to excipients should be encouraged to read the labels 
of nonprescription medications to identify ingredients of concern. In addition, 
patients should be educated regarding the avoidance of the causative drug and other 
cross-reactive drugs in the future. 


CUTANEOUS DISEASES 





The spectrum of adverse cutaneous reactions ranges from the commonly occurring, 
often self-limiting erythematous rash to the rare, life-threatening severe cutaneous 
adverse reactions (SCARs). Approximately 30 different drug-mediated cutaneous 
reaction patterns have been described.7®’ This section will address drug-induced 
acne, erythematous reactions, fixed drug eruptions, psoriasis, and the SCARs 
(DRESS, SJS, TEN, warfarin tissue necrosis). The previous section provides 
discussion of urticaria, angioedema, and skin reactions associated with immune 
complex diseases. Chapter 8 provides a review of drug-induced photosensitivity. 

Standard terms are used to describe the manifestations of skin lesions, including 
those that are drug-induced. A listing of these terms and their definitions 1s 
provided in Table 6-11.7°7 


CAUSATIVE AGENTS 


Identifying the most likely cause of a potential drug-induced cutaneous reaction is 
complicated by the fact that almost all drugs have been associated with rash as 
described in the product literature. To streamline the assessment of causality, it is 
important to consider that antimicrobial agents have been consistently identified as 
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the most frequent offenders in cutaneous eruptions, followed in frequency by the 
NSAIDs.78889 


Table 6-11 Glossary of Terms for Skin Lesions”87 





Bullae 


* Vesicle filled with serous fluid, >1 cm 


Comedone (open) 


* Blackhead; dilated hair follicle filled with sebum and bacteria with a blackened mass of skin debris at the 
surface 


Comedone (closed) 
¢ Whitehead; dilated hair follicle filled with sebum and bacteria with an obstructed opening to the skin 


Macule 


* Circumscribed, nonpalpable, red, flat lesion, <1 cm 


Nodule 


* Papule that is firm and with depth, 0.5—2 cm 


Papule 


¢ Solid, palpable, red, elevated lesion, <1 cm 


Patch 


* Group or cluster of macules 


Plaque 
* Solid, palpable, elevated solid lesion, 0.5 cm 


Pustule 


* Vesicle filled with purulent material 


Typical target or iris lesion 


* Lesion <3 cm in diameter, regular round shape, well-defined border with at least three different zones (two 
concentric rings around a central area); one ring consists of palpable edema, paler than the central area 


Target lesion (flat, atypical) 


* Round lesions with only two zones and/or a poorly defined border and nonpalpable, with the exception of a 
potential central blister 


Wheal 


* Central blister, irregular, pink in color, superficial area of skin edema 


Vesicle 
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¢ Circumscribed, elevated lesion filled with serous fluid, 0.5 cm 


Based largely on reports of single cases, more than 100 drugs have been 
implicated as causative of SJS or TEN.7®** In a large international case-control 
study, Roujeau et al.?°° attempted to quantify the association between the use of 
specific medications and the development of SJS and TEN. Cases (7 = 245) were 
patients admitted to the hospital with a diagnosis of SJS or TEN, and controls (n = 
1,147) were patients admitted to the same hospital for an elective procedure or 
treatment of an acute condition not deemed to be drug related. Of the drugs used for 
short periods, sulfonamides were the most strongly associated with TEN (crude RR 
172, 95% CI 75-396), with trimethoprim-—sulfamethoxazole accounting for 69% of 
these cases.7°* Thiazide diuretics and sulfonylureas were not associated with 
increased risk. In descending order of frequency, other major drug offenders were 
chlormezanone (crude RR 62, 95% CI 21—188), cephalosporins (RR 14, 95% CI 
3.2—59), quinolones (RR 10, 95% CI 2.6—38), tetracyclines (RR 8.1, 95% CI 1.5— 
43), and aminopenicillins (RR 6.7, 95% CI 2.5—18).78° Additionally, 
acetaminophen was associated with a significant risk (RR 9.3, 95% CI 3.9-22) in 
all countries other than France. Of the drugs administered for a duration of months 
to years, carbamazepine, phenobarbital, phenytoin, valproic acid, the oxicam 
NSAIDs, allopurinol, and corticosteroids were associated with significantly 
increased risks. The first 2 months of long-term drug administration was identified 
as the highest-risk period. 

In 2007, the results of the Euro-SCAR study offered an update on the risks of 
SJS/TEN with newly marketed medications.?” In this international, multicenter 
case-control study, 379 patients with SCAR and 1,505 controls were enrolled. The 
results of this study confirmed the high risks previously identified associated with 
the use of anti-infective sulfonamides, allopurinol, carbamazepine, phenobarbital, 
phenytoin, and the oxicam NSAIDs.” An increased risk of SJS/TEN was also 
identified with the use of nevirapine (RR >22) and lamotrigine (RR >14), with 
weaker associations identified with sertraline (RR 11, 95% CI 2.7-46), 
pantoprazole (RR 18, 95% CI 3.9-85), and tramadol (RR 20, 95% CI 4.4-93).?”° 
The majority of SCAR cases occurred within 8 weeks of initiation of therapy. 
Onset of the SCAR within 4—28 days after drug initiation was most suggestive of 
the drug as the cause. 

Medications most commonly associated with the development of skin eruptions 
are listed in Table 6-12. !8%.749.250.288.290-334 Th addition to prescription medications, 
it 1s important to consider that SCARs have been associated with the use of 
nonprescription drugs (e.g., acetaminophen, pseudoephedrine) and _ traditional 
Chinese herbal medicines.**° 
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Table 6-12 Agents Implicated in Drug-Induced Cutaneous 
Diseases 





Incidence _ | Level of Evidence® 





ACNE 


Androgenic steroids (methyltestosterone, 
testosterone, nandrolone)291 


Z 
Ww 
QD 


Z 
nw 


Z 
nw 
Q; a;a 


Azathioprine 
Corticosteroids292,293 


Z 
nw 


Cyclosporine 





Z 
nw 


Danazol C 


EPIDERMAL GROWTH FACTOR RECEPTOR INHIBITORS2 94,295 








Cini 390% SCO 
Erlotinib B 
Gefitinib 25-33% B 
Panitumumab B 
Granulocyte colony-stimulating factor296 NK C 
Infliximab297 NK C 
lodides298 C 
Lamotrigine299 NK C 
Lithium300 NK C 
Tacrolimus301 NK C 
FIXED DRUG ERUPTION 

Acetaminophen302 NK C 
Allopurino302 NK C 
Barbiturates298 NK C 
Carbamazepine298 C 
Celecoxib302 NK C 
Dipyrone302 NK C 
Erythromycin302 NK C 
Fluconazole NK C 
Griseofulvin302 NK C 
Ibuprofen302 NK C 
Metronidazole302 NK C 
PaclitaxeB02 NK C 
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Penicillins302 
Phenolphthalein302 
Propofol303 
Pseudoephedrine302 
Quinine304 

Rifampin302 
Sulfamethoxazole298,302 
Tetracyclines298 
Tranexamic acid305 


DRESS 
Allopurinoll 88 


Azithromycin306 
Captopril307 
Carbamazepine 188 
Dapsone 188 
Lamotrigine 188 
Minocycline 188 
NSAIDs 188 
Omeprazole308 
Phenytoin188 
Phenobarbital309 
Piperacillin3 10 
Raltegravir3 11 
Sulfonamides 188 
Teicoplanin312 
Vancomycin3 12 


PSORIASIS 
ACE inhibitors3 13,314 


B-blockers3 13,314 
Chloroquine3 13,314 
Etanercept315 


Granulocyte colony-stimulating factor 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 





Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 


Z 





Z 


Z 


Z 


Z 


Z 





Z 


w nw 
QO; a; BP aralrayryr~ayaryrpararayayoayryay;rasla QO; a7; a, aralralrayaya 


nw 
QO; a} ay BB] a 
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Growth hormone316 
Hydroxychloroquine3 13,314 
Imatinib3 13 

Infliximab317 

Interferon a and interferon y313,314 
Lithium3 13,314 

NSAIDs313,314 

Tetracyclines3 13,314 
Terbinafine3 13,314 


Valproate sodium318 


STEVENS-JOHNSON SYNDROME/TOXIC EPIDERMAL NECROLYSIS319 


Acetaminophen288,320,321 
AllopurinoB22 
Aminopenicillins 188 
Celecoxib249 
Cephalosporins 188 
Ciprofloxacin290 
Fluconazole323 
Hydralazine324 
Imatinib325 

Imidazole antifungal agents288,290 
Lamotrigine290 
Levofloxacin326,327 
Mesalamine328 
Modafinil329 
Moxifloxacin330 
Nevirapine290,331 
Ofloxacin332 
Pantoprazole290 
Phenobarbital 88 
Phenytoin188 


Piroxicam290 


Z 
nw 


Z| Z| Z| Z| Z| 2 
Al A Al A| A 


Z 
nw 





Z 
nw 


nw 
QO; Oo; a} BW} al}al ay BB] a 


Z 
nw 
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Z 
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Sertraline290 

Tramadol290 
Trimethoprim—sulfamethoxazole 188,288 
Valdecoxib250 

Valproic acid290 





QO; a; a} Bw! al] & 


Voriconazole333 


SKIN NECROSIS 
Warfarin 188,298,334 1 in 10,000b B 


Z| Z| Z| Z| Z|] Z 
TTT 


ACE = angiotensin-converting enzyme, DRESS = drug rash with eosinophilia and systemic symptoms, HH V-6 
= human herpesvirus 6, NK = not known, NSAID = nonsteroidal anti-inflammatory drug. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bPrevalence. 


EPIDEMIOLOGY 


Cutaneous and mucocutaneous events are the most commonly reported adverse 
reactions to medications. Based on the results of the Boston Collaborative Drug 
Surveillance program conducted in the 1970s and 1980s, it is estimated that a drug- 
related skin rash develops in 2—3% of all hospitalized patients.'°! In this 
prospective study of 37,000 hospitalized patients, the majority of the skin reactions 
were exanthematous (94%), with the remainder urticarial (5%). Approximately 2% 
of the reactions were fatal.!?! Epidemiologic studies conducted in the 1990s 
focused on estimating the incidence of SCARs. Compared to exanthematous 
reactions, SCARs appear to be relatively uncommon. In 1995, Roujeau et al.!*8 
estimated that serious cutaneous drug events including SJS and TEN occur in 1 of 
every 1,000 hospitalized patients. 


Estimates of the prevalence of drug-induced cutaneous events have been 
determined from prospective studies of hospitalized patients, outpatients, patients 
receiving systemic drug therapy, and those exposed to medications via any route of 
administration. !?!78°336 The estimates have varied based on the type of cutaneous 
event investigated, the definition used to describe the dermatologic condition, and 
the population studied. In a 6-month prospective study conducted in 2000-2001, 
practitioners identified and subsequently a dermatologist assessed all suspected 
allergic cutaneous reactions that led to hospitalization or occurred during 
hospitalization.*°? A group of dermatologists and pharmacologists retrospectively 
evaluated causality. A total of 48 cases were identified, resulting in an estimated 
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prevalence of 3.6 of 1,000 hospitalized patients.7®° The majority of the allergic 
reactions were exanthematous (56%), and the prevalence was significantly higher 
in medical (0.5%) versus surgical patients (0.01%).7°° Thirty-four percent of cases 
were deemed serious on the basis of leading to hospitalization (18%), increasing 
the duration of hospital stay (14%), or were life-threatening (2%).7°? Compared to 
other studies reporting an incidence of cutaneous drug reactions of 2% in 
hospitalized patients, the lower prevalence determined in this study can be 
attributed to the restricted focus on allergic-mediated skin reactions and on 


systemic drug exposures.7®” 


TEN is estimated to occur in 0.4—1.3 cases per million person-years, while SJS 
occurs in 1-6 cases per million person-years.*!? The variability in these estimates 
of incidence can be attributed to differences in the diagnostic criteria for SJS and 
TEN. The prevalence or incidence of other cutaneous skin disorders is less well 
described. The incidence of DRESS is highly variable, occurring in 1 of 1,000 to 1 
of 10,000 patients exposed to anticonvulsants and sulfonamides, and the mortality 
rate has been estimated to be approximately 10%.°°’ The wide variability in the 
reported incidence of DRESS can be attributed to the variable presentation of the 
condition. Fixed drug eruptions occur more frequently, with reported incidences of 
2.5-22%.>"* Tissue necrosis has been reported in 1 of 10,000 patients treated with 
warfarin and in 0.01—0.12% of patients treated with all oral anticoagulants 
including the coumarin products. !*874 


MECHANISMS 


Cutaneous reactions to drugs can result from both immune and nonimmune 
mechanisms (i.e., direct pharmacologic effects, nonimmune DHR, idiosyncrasy). 
Allergy is the underlying mechanism in 50% of the events, including most cases of 
urticaria, angioedema, serum sickness-like syndrome with maculopapular rash, 
fixed drug eruptions, vasculitis, and the SCARs, including DRESS, SJS, and TEN. 
The skin is a target for immunologically mediated reactions because it possesses 
APCs such as the cutaneous Langerhans cells. The presence of monooxygenases, 
cytochromes, and transport-associated proteins in the keratinocytes allow for 
transformation of low-molecular-weight drug haptens into reactive, immunogenic 
metabolites.**° 


T cells play a major role in the pathophysiology of drug-related cutaneous 
reactions. An extensive review of the role of the T lymphocyte in the mediation of a 


variety of drug-induced eruptions has been provided by Naisbett.*°? Based on 
immunohistologic studies, allergy-mediated maculopapular rashes have been 
shown to involve the recruitment of CD4 cells and copresentation of the drug 
hapten with the MHC class II molecule HLA-DR.**? Maculopapular rashes are also 
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associated with secretion of high levels of IL-5 and eotaxin, two cytokines 
involved in the recruitment and differentiation of eosinophils. Bullous reactions are 
more likely to be associated with the recruitment of CD8+ cells and copresentation 
of the haptenic drug or reactive metabolite with MHC class I molecules.**? Cell 
studies of blister fluid from patients who survived TEN also support a dominant 
role for T lymphocytes, particularly CD8-+ cells, in the pathogenesis of this SCAR. 
In patients with TEN, activation of cytotoxic T lymphocytes ultimately results in 
dermal-cell apoptosis, which is believed to be triggered via activation of the 
perforin—-granzyme or the Fas-Fas ligand pathways. Stimulation of these pathways 
triggers activation of caspases, intracellular proteases that cleave a key protein 
within the cell, leading to keratinocyte apoptosis. In addition to cytotoxic T 
lymphocytes, other mediators of TEN include monocytes, macrophages, and TNFa. 
Overexpression of TNFa, interferon o, IL-2, and IL-5 has been reported in skin 
lesions of patients with SJS and TEN.°377° 


Mechanisms by which many drugs cause skin eruptions are not known. 
Pharmacologic effects may be the underlying mechanism by which most drugs cause 
acneiform eruptions and provocation of psoriasis. Androgenic drugs (e.g., anabolic 
steroids, danazol, methyltestosterone) aggravate pre-existing acne or cause 
acneiform eruptions by activating sebaceous-gland hypertrophy and increasing 
sebum production. The high incidence of acneiform eruptions associated with the 
use of epidermal growth factor receptor (EGFR) inhibitors may also be explained 
in part by the known pharmacology of these agents. EGFRs are overexpressed in 
many solid tumors, explaining the effectiveness of EGFR inhibitors in the treatment 
of refractory colorectal and lung cancers. EGFRs are also expressed in the basal 
layer of the epidermis and in the hair follicle.2”*7> Although the mechanism by 
which EGFR inhibitors cause acne-like rashes is not entirely known, the dose- 
related incidence may be related to inhibition of EGFR signaling on epidermal 
epithelium leading to impaired cell growth and differentiation.7* Provocation of 
psoriasis by nonselective B-blockers such as propranolol may be explained in part 
by blockade of epidermal B,-receptors, resulting in a decrease in intraepidermal 


cyclic adenosine monophosphate and an increase in epidermal-cell turnover.*!* 


Cyclooxygenase inhibitors such as indomethacin may induce psoriasis by inhibiting 
prostaglandin synthesis, thereby shunting the metabolism of arachidonic acids to the 
lipoxygenase pathway. The resultant increase in leukotriene concentrations may 
contribute to the exacerbation of psoriasis in patients treated with COX 


inhibitors.*!+ Studies support that leukotriene concentrations are 7—11 times higher 
in psoriatic lesions as compared with normal skin.*!> 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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The discriminating features of specific drug eruptions are provided in Table 6-13 
and the conditions to consider in the differential diagnoses are provided in Table 6- 
14. 


The most common type of drug-induced skin eruption is the exanthematous or 
maculopapular rash, occurring in 1-5% of first-time users of implicated 
medications.*4* This red, inflamed cutaneous reaction usually appears as a mixture 
of discrete macules and papules on the trunk or dependent areas of the body (e.g., 
lower extremities of an ambulating patient, middle to lower back of a bedridden 
patient). The lesions typically spread outward in a bilateral, symmetrical pattern to 
involve the neck, upper and lower extremities, and potentially the face.2?8°4!3” 
The rash is often described as “dot-like” in appearance, or measles (morbilliform)- 
like, and may or may not be associated with fever and pruritis. The discrete lesions 
typically coalesce over days into patches with large areas of confluence. The rash 
usually occurs within 4-14 days after the initiation of therapy with the causative 
drug or within 1—2 days after drug discontinuation.**! This reaction is usually self- 
limited, with resolution in 1—2 weeks after drug discontinuation. Upon re-exposure 
to the drug, the rash may reappear within hours. In rare instances, a maculopapular 
rash may be the initial sign of a severe cutaneous event such as SJS. Therefore, all 
patients who initially present with a maculopapular rash should be assessed for 
hallmark signs of a more severe, progressive reaction. Lesions in the mucous 
membranes (e.g., conjunctiva, oral cavity, nares, genitalia) are evident in more than 
90% of serious cutaneous events, and extension of the rash to the palms and soles 
often portends a more protracted course. !*837 


A commonly encountered clinical challenge is differentiation of a 
maculopapular rash from an urticarial lesion. Unlike maculopapular lesions, 
urticarial lesions are typically asymmetrical, pink rather than red, and irregular in 
shape. These superficial wheals, largely confined to the epidermis, are often 
described as geographic in shape (1.e., similar in shape to the continent of Africa or 
Asia). Urticarial lesions are highly pruritic, vary in size from 1 mm to several 
centimeters in diameter, and typically develop on the chest, face, or neck within 
minutes to 48 hours after drug exposure.*”° Differentiation of a maculopapular rash 
from urticaria is important, because the latter often indicates IgE-mediated mast 
cell degranulation. In a patient with drug-related IgE-mediated urticaria, 
continuation of the causative drug may lead to a more severe reaction, including 
angioedema or anaphylaxis. Urticaria may also be caused by foods, insect 
bites/stings, and environmental factors such as sunlight, cold, and heat.2”° 


Fixed drug eruptions (FDEs) are the second most commonly occurring drug- 
related cutaneous reaction, occurring in 0.5—22% of patients exposed to certain 
medications.*“4 FDEs present as solitary lesions or multiple well-demarcated 
lesions occurring anywhere on the body, but favoring the face, lips, hands, feet, and 
genitalia. The lesions are round or oval in shape and range in size from 1—20 cm in 
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diameter.7°””8 The color of the lesions may vary from dusky red, to blue-gray or 


violaceous. Patients typically describe a burning sensation or itching, or both, 
associated with the development of lesions. In some patients, the center of the 
lesion may become bullous and result in denuding of skin. The diagnostic hallmark 
of FDE is recurrence of the lesion in the same anatomical location after drug 
rechallenge.*°* Both topical and oral provocation tests have been performed to 
confirm the diagnosis. However, oral challenge is more likely to lead to the 
development of generalized bullous lesions.*°* Following resolution of lesions, the 
affected tissue may remain hyperpigmented for an extended period. As the name 
implies, the sole cause of FDE is drugs. Therefore, a complete drug history with 
attention to prescription, nonprescription, and herbal remedies must be obtained to 
identify the causative agent. Drugs most commonly associated with FDE are listed 
in Table 6-12. 


Table 6-13 Signs and Symptoms Associated with Drug-Induced 





Cutaneous Diseases 


Acne*?8 


¢ Papules and pustules on face and upper trunk 
¢ Limited number of comedones to no comedones 


Erythematous rash>4 1,342 


¢ Symmetrical distribution of macules and papules starting on upper trunk or legs 
* Rash may progress to entire body including face 

* Pruritus (50%) 

* Redness without blistering 


DRES '§337,343 


* High fever (38-40°C) 

* Diffuse, symmetrical maculopapular rash with pruritus (90%) 

* Facial and periorbital edema 

¢ Enlarged lymph nodes at =2 sites (cervical and inguinal) in >50% cases 

* Involvement of at least one internal organ (hepatitis, pneumonitis, pancreatitis) 
* Conjunctivitis 

¢ Eosinophilia 

¢ Atypical lymphocytosis 


Fixed drug eruption”®1344 


¢ Initial burning “stinging” sensation or itching of skin 

* Round or oval dusky red to violaceous lesions, 1-20 cm in diameter, favoring the face, lips, hands, feet, 
perineal area, genitalia 

* Lesions recur in the same location(s) upon rechallenge 

* Blistering of lesions 

¢ Anorexia and malaise (infrequent) 

* High fever (infrequent) 
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* Hyperpigmentation in the area of the lesion following recovery 


Psoriasis 


¢ Red or salmon-pink plaques covered by silvery scales symmetrically distributed on elbows, knees, scalp, and 
lumbosacral region 


SIS/TEN188,319,337 


¢ Prodrome of nausea, vomiting, sore throat, cough, arthralgias, myalgias for 2-8 days before rash 
development 

¢ Widespread erythematous, purpuric rash with flat atypical target lesions 

¢ Burning and painful sensation of the skin 

* Fever (10-30% of cases of SJS, 100% of cases of TEN) 

* Facial edema 

* Mucosal lesions of the mouth, lips, nasal cavity, conjunctivae, genitalia (92-100% of cases of SJS; 85-95% 
of cases of TEN) 

¢ Epidermal detachment (<10% of body surface area with SJS; >30% of body surface area with TEN) 

* Positive Nikolsky sign (TEN) 

* Neutropenia (30% of cases of SJS and TEN) 

¢ Lymphopenia (90% of cases of TEN) 

* Thrombocytopenia (15% of cases of TEN) 

¢ Prerenal azotemia (TEN) 

¢ Elevated aspartate and alanine aminotransferases (50% of cases of SJS and TEN) 

* Hypopigmentation or hyperpigmentation (88% of cases of TEN) 

* Keratitis and corneal erosions 


Warfarin-induced skin necrosis 188,298,334 


* Poorly demarcated, painful red plaques with soft-tissue edema 

° Pain 

¢ Petechial hemorrhages that coalesce into large hemorrhagic bullae with areas of gangrenous tissue 
¢ Lesions usually distributed in areas of fatty tissue (buttocks, breasts, hips) 


DRESS = drug rash with eosinophilia and systemic symptoms, HH V-6 = human herpesvirus-6, SJS = Stevens— 
Johnson syndrome, TEN = toxic epidermal necrolysis. 


Acneiform eruptions are an infrequent drug-induced adverse event, accounting 
for only 1% of all drug-related cutaneous reactions.””° Unlike acne vulgaris, drug- 
related acneiform eruptions consist primarily of papules and pustules with limited 
to no comedones. Similar to those associated with acne vulgaris, these eruptions 
are typically confined to the face and upper trunk.?”° The classic drug offenders are 
corticosteroids, adrenocorticotropic hormone, anabolic steroids, combination oral 
contraceptives, danazol, bromides, iodides, isoniazid, lithium, and azathioprine. 
Corticosteroids administered orally, parenterally, topically, or by inhalation have 
been shown to provoke acneiform eruptions or exacerbate underlying conditions of 
acne.7”!7°2.293 Steroid-induced acne is common and usually appears within 14 days 
after initiation of systemic or topical therapy. An acne-like reaction has also been 
described in association with the use of the EGFR inhibitors (e.g., cetuximab, 
panitumumab, erlotinib, gefitinib) used in the treatment of colorectal and non-small- 
cell lung cancer. The acne-like rash is pruritic, with a predominance of pustules 
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and an absence of open or closed comedones.?”47?> The rash is typically mild to 
moderate in severity, occurs most frequently on the face and V-shaped areas of the 
chest, back, or both, and appears within 10-14 days after drug therapy initiation. 
The severity of the rash has been shown to correlate with both increasing drug dose 
and the antitumor activity of the agent.7”° Some data support a relationship between 
the occurrence of rash and the increased likelihood of patient survival.?”* In 
patients with severe rashes, particularly those involving more than 50% of the body 
surface area, dose modification or interruption of EGFR inhibitor therapy is 
recommended.*”*”” The rash is typically reversible following discontinuation of 
therapy. 


Table 6-14 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Cutaneous Disorders 





Erythematous rash??8,342 


¢ Viral exanthema (Epstem—Barr virus, human herpesvirus 6, parvovirus B19) 
* Acute graft-versus-host disease 

* Bacterial toxin eruption 

* Kawasaki disease 

* Still disease 


Fixed drug eruption®®"392544 


* Bullous pemphigoid 

* Contact dermatitis 

¢ Herpes (simplex) labialis 

* Discoid lupus erythematosus 
* Insect bite (if a single lesion) 
¢ Phytophotodermatitis 


DREsSS188 


* Cutaneous lymphoma 


* Psoriasis (aggravation of)? 13,314 
¢ Alcohol consumption 

° Physical trauma 

* Psychological stress 

¢ Streptococcal infection 

¢ Viral infection 


SJ §188,345 


* Postinfectious erythema multiforme (secondary to herpes simplex or mycoplasma infection) 
* Kawasaki disease 


TEN}88 


¢ Exfoliative dermatitis 
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Staphylococcal scalded-skin syndrome 
* Paraneoplastic pemphigus 
¢ Thermal burns 


Warfarin-induced skin necrosis>>4 

¢ Disseminated intravascular coagulation 

* Purple toe syndrome 

Pyoderma gangrenosum 

Microembolization 

Leukocytoclastic vasculitis 

Necrotizing fasciitis 

Purpura fulminans 

¢ Venous gangrene 

¢ Heparin-induced thrombocytopenia 
Septicemia 


DRESS = drug rash with eosinophilia and systemic symptoms, HH V-6 = human herpesvirus-6, SJS = Stevens— 
Johnson syndrome, TEN = toxic epidermal necrolysis. 


Psoriasis 1s a chronic, immunologically mediated skin disease that is 
characterized by red or salmon-pink plaques covered by silvery or white scales 
surrounded by normal skin.*!? The plaques are symmetrically distributed on the 
elbows, knees, scalp, and lumbosacral region. Several clinical phenotypes of 
psoriasis exist, including pustular, erythrodermic, and nail psoriasis. However, 
90% of cases present as plaque psoriasis (psoriasis vulgaris). This chronic 
condition involves the activation of T lymphocytes with overexpression of a 
number of cytokines, including TNFa, interferon a, IL-6, IL-2, and IL-8. Drugs can 
exacerbate pre-existing lesions (e.g., B-blockers, lithium, synthetic antimalarial 
drugs), provoke the development of new plaques on the normal skin of patients with 
psoriasis (e.g., B-blockers, lithium), and cause psoriasis in patients with no history 
or familial predisposition (e.g., growth hormone).*!*?!> Most cases of drug- 
induced psoriasis are clinically indistinguishable from psoriasis from nondrug- 
induced causes. In some cases, the offending drug can cause a lichenoid pattern of 
disease or a transformation to the pustular form of psoriasis.*!> The latency period 
from initiation of therapy with the offending drug to the exacerbation or appearance 
of psoriatic lesions varies widely. Mean latency periods of 3 weeks, 6 weeks, and 
33 weeks have been described for psoriasis induced by the synthetic antimalarial 
drugs, ACE inhibitors, and lithium, respectively.*!? B-blockers have been 
associated with a latency period ranging from days to weeks after initiation of 
therapy. Drugs used to treat psoriasis, including topically applied agents (e.g., coal 
tar) and systemically administered agents (e.g., etretinate, etanercept, infliximab), 
can also aggravate the condition. The TNFa-agents infliximab and etanercept have 
been reported to aggravate psoriasis in patients undergoing treatment for psoriatic 
arthritis and have provoked psoriasis in patients treated for Crohn disease, 
ankylosing spondylitis, rheumatoid arthritis, and ulcerative colitis.*!> In patients 
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treated with infliximab or etanercept, new psoriatic lesions developed as soon as 
after the second injection.*!> 


Serious cutaneous adverse reactions include DRESS, SJS, TEN, and warfarin 
tissue necrosis. DRESS is a distinct clinical syndrome previously described by the 
more general term, drug hypersensitivity syndrome.??'°3* DRESS is 
characterized by the triad of high fever, rash, and internal organ involvement. !*8> 
Compared with immune complex diseases such as SSLD, DRESS is associated 
with a more delayed onset of symptoms, ranging from 3 to 8 weeks after drug 
initiation, and a more consistent pattern of internal-organ involvement.””*** The 
initial manifestation of DRESS is diffuse, symmetrical maculopapular eruptions on 
the upper trunk and face. This rash can extend to include the lower extremities and 
is typically associated with facial and periorbital edema. The edema may lead to 
gross distortion of the patient’s features. Organs affected by this syndrome include 
the kidney, liver, pancreas, lungs, and hematologic system. A high degree of 
interpatient variability exists with regard to the targeted organ and the severity of 
organ involvement. To better define and classify the syndrome, the RegiSCAR 
scoring system was developed in 2007.*“° Application of this scoring system in 
172 cases of suspected DRESS led to the identification of the following features of 
a probable or definite case: skin rash, hypereosinophilia, lymphadenopathy, and 
liver involvement.**° 


Both the anticonvulsant hypersensitivity syndrome and the allopurinol 
hypersensitivity syndrome are classic examples of DRESS. Anticonvulsant 
hypersensitivity syndrome, associated with the aromatic anticonvulsants (e.g., 
phenytoin, phenobarbital, carbamazepine), is characterized by the triad of fever 
(38—40°C), rash (papular, pruritic, often associated with facial or periorbital 
edema), and lymphadenopathy occurring within 3 months after the initiation of 
therapy.2>>° Other diagnostic criteria include hematologic abnormalities 
(leukocytosis, eosinophilia), myalgias, pharyngitis, and hepatitis or other 
multisystem involvement (e.g. interstitial nephritis, | rhabdomyolysis, 
pneumonitis).2°°°° Allopurinol hypersensitivity syndrome is associated with a 
mean (+SD) onset of 474109 days!" and also presents with high fever, 
eosinophilia, and skin rash that may be severe (e.g., SJS or TEN). Kidney failure, 
hepatomegaly, and abnormalities in liver function tests are also frequently noted. 
This reaction, attributed to the active metabolite oxypurinol, has been described as 
a vasculitic immune complex disease. !0!-! 


SJS and TEN are related mucocutaneous disorders that are considered by many 
as drug-induced variants of erythema multiforme. Like erythema multiforme, both 
SJS and TEN are associated with the widespread development of multiple types of 
skin lesions, including macules, blisters, purpuric lesions, and the hallmark target 
iris lesions. The target lesion is discrete, round, <3 cm in diameter, and identified 
by its central zone of epidermal necrosis surrounded by two concentric rings of 
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edema and erythema.*#°? SJS and TEN are progressive bullous disorders that are 
considered dermatologic emergencies.*** Unlike erythema multiforme, which is 
usually self-limiting and related to recurrent herpes simplex viral infections, both 
SJS and TEN are usually drug-related and extend from diffuse erythematous 
reactions to include mucous membrane erosion and epidermal detachment. Drugs 
are the cause of SJS and TEN in 50% and 80% of cases, respectively.787>47 


Both SJS and TEN typically occur within the first 4 weeks of drug therapy. 
Before skin lesions become evident, both SJS and TEN are associated with a 
prodromal syndrome of nausea, vomiting, sore throat, diarrhea, myalgias, and 
arthralgias. In patients with TEN, high fevers and a burning sensation of the skin are 
also frequently reported prior to the eruption of skin lesions. Mucous membrane 
involvement, typically of the mouth and lips, nasal cavity, and conjunctivae, tends 
to precede the development of skin lesions by 1—3 days.78”*4* The initial lesions 
are erythematous and appear on the face and upper trunk, after which they rapidly 
evolve into blisters and target lesions on the face, trunk, and limbs.*4° Full- 
thickness epidermal detachment occurs within days after the onset of skin lesions. 
Rather than considered as two distinctly different syndromes, SJS and TEN are 
often described as a continuous spectrum of a disease, with TEN as the more 
severe form.**° The extent of epidermal detachment has been used to distinguish 
between SJS and TEN. SJS is described by the presence of mucosal erosions with 
widespread purpuric macules and epidermal detachment of <10% of body surface 
area, whereas TEN involves widespread purpuric macules and epidermal 
detachment of >30% of body surface area.**>*4? The term SJS-TEN overlap is used 
to describe cases in which evidence of epidermal detachment is present on 10% to 
30% of the body surface area.*4°“*? Although regrowth of the epidermis begins 
within days after the onset of epidermal loss, TEN is sometimes complicated by the 
development of acute kidney injury, respiratory failure, neutropenia, electrolyte 
abnormalities, and sepsis. Long-term sequelae of SJS and TEN may include 
temporary nail loss, permanent visual impairment, cutaneous scarring, and irregular 
pigmentation. A severity-of-illness scoring system for TEN, known as SCORTEN 
(SCORe of toxic epidermal necrolysis), has been described and evaluated as a 
prognostic indicator.*°° With the use of this system, seven independent risk factors, 
determined within 24 hours of patient presentation with TEN, are used as patient 
outcome indicators.*°? 


Warfarin-induced skin necrosis (WISN) is a severe cutaneous reaction that 
typically begins within 10 days after initiation of warfarin therapy, with a peak 
occurrence between days 3 and 6.?° WISN initially presents with red, poorly 
demarcated painful plaques usually in areas of high adipose tissue (e.g., breasts, 
hips, buttocks). The plaques can progress to hemorrhagic blisters and eventually 
become necrotic, requiring surgical debridement.!®*:7°° WISN occurs as a result of 
an imbalance between the concentrations of the endogenous vitamin K-dependent 
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anticoagulant protein C and the vitamin K-dependent clotting factors.!°8?°8 The 
half-life of protein C is much shorter (8 hours) compared with those of clotting 
factors II, IX, and X (24-48 hours). After warfarin initiation, a rapid decline in the 
concentration of protein C may lead to a hypercoagulable state, resulting in WISN. 
This theory is supported by the fact that WISN is more likely to occur in patients 
who receive excessive initial doses of warfarin and have an underlying protein C 
deficiency. Patients with a deficiency of protein S, the cofactor for protein C 
activity, may also be at greater risk of WISN. WISN can be fatal if not treated. 


RISK FACTORS 


Female sex, concomitant viral infection with HIV or EBV, and the presence of 
autoimmune disease have routinely been identified as risk factors for cutaneous 
drug eruptions.!?!:2°!23 In a prospective study of 48 patients with allergic- 
mediated skin reactions, identified risk factors were HIV (19% of patients), 
comnective-tissue disease (10%), and viral or autoimmune hepatitis (12%).7®? In 
another prospective cohort study of hospitalized patients with adverse cutaneous 
drug reactions, those with systemic lupus erythematosus had a relative risk of 4.68 
(95% CI 1.79-12.18) and patients with acquired immunodeficiency syndrome had a 
relative risk of 8.68 (95% CI 2.18—33.19).*°! Studies have also been performed to 
identify predictors of skin rash associated with specific drugs or drug classes. In 
the antiepileptic drug class, an increased risk of drug rash was identified in women 
of reproductive age and in those with history of a rash induced by another 
antiepileptic medication.*»>*>>? Other risk factors associated with specific drugs, 
drug eruptions, or both are provided in Table 6-15. 

The initial dose, rate of dose titration, and concomitant administration of 
interacting drugs can be risk factors for cutaneous drug eruptions. Both lamotrigine 
and nevirapine were identified as strongly associated with SJS/TEN in the 
EuroSCAR study.””° In addition to female sex, lack of adherence to the 14-day 
lead-in period of dosing of nevirapine may increase the risk of SCARs.””° Factors 
shown to increase the risk of rash with lamotrigine include age <13 years, history 
of rash caused by another anticonvulsant agent, exceeding the recommended initial 
dose or recommended rate of dose escalation, and coadministration with valproic 
acid.**4 In the EuroSCAR study, daily allopurinol doses >200 mg were associated 
with a higher risk of SJS/TEN (OR 36, 95% CI 17—76) compared with lower daily 
doses (OR 3.0, 95% CI 1.1-8.4).?” In other analyses, both kidney disease and the 
lack of dose adjustment in patients with impaired kidney function have been 
identified as risk factors for allopurinol-induced DRESS, SJS, or TEN.” 
Excessive starting doses of warfarin, female sex, and obesity have all been 
identified as risk factors for WISN. !*87%° 
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Table 6-15 Risk Factors for Drug-Induced Cutaneous Diseases 





Abacavir 
© HEV.6204,205 
© HLA-B*5701 193 


Allopurinol 
* Doses >200 mg per day>22 
* Kidney disease 102,103 


* HLA-B*5801°>> 


Amoxicillin and ampicillin 


- EBV20! 


Aromatic anticonvulsants (carbamazepine, phenobarbital, 
phenytoin) 

¢ Previous rash in response to an antiepileptic? 53 
* Women of reproductive age? 52 

¢ HLA-B*1502 (carbamazepine, phenytoin, fosphenytoin)° 55,356 
* HLA-A*3101 (carbamazepine)>>/ 


* CYP2C9*3 (phenytoin)*>® 


Lamotrigine 
° Age <13 years20 


¢ Exceeding the recommended initial dose??? 


* Coadministration with valproic acid220 


Nevirapine 
Female sex?” 
* Lack of adherence to recommendation for 14-day lead-in dosing~?0 


© HLA-B*3505°>2 


Penicillins 


© Hry223 


Sulfonamides 


© HIv293 


Warfarin 


¢ Female sex? 34 


* Hereditary protein C or S deficiency?>* 


* Large initial doses?34 
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° Obesity? 34 


EBV = Epstein-Barr virus, HIV = human immunodeficiency virus, HLA = human leukocyte antigen, HHV-6 = 
human herpesvirus 6. 


Genetic susceptibility has always been suspected as a risk factor for allergic- 
mediated cutaneous disorders, and evidence has become available to support this 
hypothesis. The HLA-B*1502 allele has been strongly linked to the risk of 
SJS/TEN associated with carbamazepine. In a study of Han Chinese patients, all of 
whom developed SJS/TEN during carbamazepine therapy, had the HLA-B*1502 
allele, whereas only 3% of the patients who tolerated carbamazepine had the 
allele.*°> This allele occurs almost exclusively in patients of Asian and South 
Asian Indian ancestry. In this same patient population, presence of HLA-B*1502 
has been shown to increase the risk of SJS and TEN associated with 
carbamazepine, phenytoin, and fosphenytoin.*°° In European and North Asian 
populations, HLA-A*3101 has been related to the development of nonblistering 
reactions such as DRESS induced by carbamazepine.**’ Most recently, a genetic 
variant in the CYP2C isozyme, CYP2C9*3, was found in association with 
phenytoin-induced SCARs.*°® Presence of the HLA-B*5701 allele has been shown 
to increase the risk of abacavir hypersensitivity,!°* and studies in Han Chinese 
suggest that the HLA-B*5801 allele may be a genetic marker for allopurinol- 
induced SJS and TEN.**° Preliminary evidence also suggests a higher frequency of 
FDEs in association with the HLA-B22 and HLA-C1 antigens.* 


MORBIDITY AND MORTALITY 


Using four national databases, Stern*° quantified hospitalizations and visits to 
office-based physicians and hospital clinics for a primary diagnosis of a skin 
condition. The U.S. Census estimates for 2000 were used to calculate the rates of 
hospitalization or office visits for a diagnosis of SJS/TEN, drug eruption, drug 
allergy, and urticaria/angioedema. Overall, 0.06% of hospital admissions were 
attributed to a skin condition related to drug use.*°° Approximately 5,000 
hospitalizations per year resulted from a diagnosis of erythema multiforme, SJS, or 
TEN, 35% of which were attributed to drug use.**° The rates of hospitalization for 
a primary diagnosis of SJS/TEN and drug eruptions were calculated as 16 and 21 
admissions per million person-years, respectively. During the 6 years of study 
(1995-2000), there were 650,000 office visits with a primary diagnosis of 
erythema multiforme, SJS, or TEN and 1 million visits with a primary diagnosis of 
drug eruption.**° Urticaria, angioedema, and anaphylaxis were the most frequent 
diagnoses associated with outpatient visits, accounting for 3 times as many visits as 
SJS/TEN, drug rash, and drug allergy combined.**° When the data were annualized, 
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more than 500,000 office visits per year were attributed to drug eruptions and drug 
allergies including a dermatologic component. 


Although rare in occurrence relative to other dermatologic conditions, SJS and 
TEN are associated with substantial morbidity, with the potential for lasting 
disabilities and complications (e.g., corneal ulcers, corneal neovascularization, 
skin grafts, coagulopathies, hepatitis, glomerulonephritis) in 30-45% of patients.*!° 
Moreover, estimates of mortality associated with SJS and TEN range from 1% to 
5% and 10% to 70%, respectively.*! In at least one study, the death rate associated 
with SJS and TEN was found to positively correlate with age and was 10 times 
higher in patients >65 years of age.**° In cases of SJS and TEN, the most common 
causes of death are sepsis, pulmonary embolism, gastrointestinal bleeding, and 
hypovolemia. 


PREVENTION 


Advances in genetic testing allow for prospective screening for the HLA-B*1502 
and the HLA-B*5701 alleles, biomarkers of an increased risk of severe 
hypersensitivity reactions to carbamazepine and abacavir, respectively. Screening 
for the presence of these and other biomarkers may ultimately lead to the prevention 
of allergy-mediated severe cutaneous reactions. Genetic tests for HLA-B*1502 and 
HLA-B*5701 are currently available. 


Other preventive measures include the avoidance of drugs with a propensity to 
cause cutaneous diseases in high-risk populations (Table 6-16), adherence to 
recommended dosing guidelines specifically for dosing titration, and avoidance of 
drug—drug interactions. Patients who have experienced a SCAR associated with a 
specific drug should be counseled to avoid the use of that drug and any structurally 
related drug for the rest of their lives. When initiating therapy with a medication 
known to present a high risk of a severe cutaneous reaction, counseling should be 
provided regarding the initial warning signs and symptoms (1.e., burning sensation 
of skin, mucous membrane involvement). 


Table 6-16 Approaches to Help Prevent Drug-Induced 


Cutaneous Diseases 





Drug Condition | Prevention 
Abacavir DRESS Test for HLA-B*5701194 
Allopurinol DRESS/SJS/TEN | Adjust dose in patients with kidney disease 102 

Avoid concomitant therapy with thiazide diuretics 103 
Aromatic anticonvulsants SJS, TEN Avoid use in patients with history of severe rash caused by 
(carbamazepine, phenytoin, another aromatic anticonvulsant 
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phenobarbital) 


Carbamazepine SJS, TEN Test for HLA-B*1502355 


Lamotrigine SJS/TEN Adhere to recommended dose and dose-escalation 
recommendations354 
Avoid concomitant therapy with valproic acid354 


Nevirapine SJS/TEN Adhere to 14-day lead-in dosing recommendation 


Warfarin WISN Avoid loading or large initial doses 
In patients with protein C or S deficiency or previous history 
of WISN, overlap therapy with heparin for at least 5 days 
and initiate warfarin at low doses334 


DRESS = drug rash with eosinophilia and systemic symptoms, SJS = Stevens—Johnson syndrome, TEN = toxic 
epidermal necrolysis, WISN = warfarin-induced skin necrosis. 


MANAGEMENT 


Table 6-17 provides recommended treatment methods for the drug eruptions 
presented in this section. Of note, maculopapular rashes are generally self-limited 
and usually do not require treatment. If associated with pruritus, oral antihistamines 
are advised. Topical corticosteroid creams such as 1% hydrocortisone may be used 
in patients with nondiffuse limited areas of involvement. In patients with a diffuse 
maculopapular rash and evidence of systemic symptoms (e.g., arthralgias, muscle 
pain or weakness), an oral, self-tapering, low-dose steroid regimen (e.g., 
methylprednisolone) may be appropriate. The recommended treatment of drug- 
induced urticaria and angioedema is provided in Table 6-10. 


Drug-induced psoriasis is usually resistant to treatment and requires 
discontinuation of the offending agent (e.g. f-blockers, lithium, synthetic 
antimalarial drug). However, in one case series, 50% of the patients in whom 
psoriasis associated with either infliximab or etanercept developed were able to 
continue therapy and their lesions responded favorably to treatment with topical 


corticosteroids.?!> 


Treatment of SJS and TEN is focused on supportive therapy (nutritional 
support, pain management, fluid replacement) and the prevention of complications 
such as acute kidney injury and sepsis. Depending on the extent of blistering and 
epidermal detachment, patients may require treatment in an intensive care or burn 
unit. Recommended treatment methods for SJS and TEN are provided in Table 6- 
17. In particular, the topical administration of silver sulfadiazine should be avoided 
because of the high risk of SJS and TEN associated with sulfonamides and the 
potential for cross-reactivity with sulfadiazine.2°’ The use of systemic 
corticosteroids remains controversial.°** To date, there are no large randomized, 
controlled studies to support the concept that systemic corticosteroids either reduce 
the time to recovery or prevent the development of complications. In a systematic 
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review, a significant impact on mortality (OR 0.4, 95% CI 0.2—0.9) was 
demonstrated with corticosteroid use in only 1 of 6 retrospective cohort studies.°*°! 
IVIG has emerged as a potential treatment of SJS and TEN in children and 
adults.*©7 IVIG is postulated to inhibit dermal-cell apoptosis triggered via the 
Fas-Fas ligand pathway.*** When administered early in the course of the disease, 
IVIG has shown promising effects on wound healing, progression of disease, and 
mortality.*°>° Both low dose (0.2-0.5 g/kg) and high dose (2-3 g/kg) IVIG 
regimens have been described. Most studies support the use of a mean total dose of 
not less than 2 g/kg.*°© Cyclosporine (3—5 mg/kg/day for 7 days) was shown to 
offer a greater mortality benefit compared to IVIG (1 g/kg for 3 days) in a single- 
center retrospective study of 64 patients.°°’ Similar to corticosteroids, the optimal 
doses of IVIG and cyclosporine, times of initiation, and durations of therapy are yet 
to be determined. 


Table 6-17 Management of Drug-Induced Cutaneous Diseases 


Disease Recommended Treatment 
Acne291-298 May or may not require discontinuation of the offending agent 
Topical benzoyl peroxide or retinoids 
Erythematous Discontinue offending agent 
reaction341,342 Histamine H -antagonist (diphenhydramine 25-50 mg orally every 6 hours as 


needed for itching) 


Methylprednisolone (6-day self-tapering oral regimen starting with 24 mg on day 1) 
(if diffuse rash) 


FDE344 Discontinue offending agent 
Sunscreen for 6 months to | year if areas of hyperpigmentation 


DRESS188,343,360 Discontinue the offending agent 
Topical corticosteroids may be of some benefit but most cases are resistant to 
standard therapies 


Psoriasis270 Discontinue offending agent 
Topical corticosteroids may be of some benefit but most cases are resistant to 
standard therapies 


SJS and IV fluid replacement (saline or lactated Ringer’s solution) 
TEN 188,345,347,349 Nutritional support (enteral or parenteral routes) 


Pain control (systemic opiate therapy) 
Eye care—antibiotic eye drops, lubricants 


Oral hygiene: hydrogen peroxide gargle; anesthetics (viscous lidocaine or 
benzocaine); antiseptic mouthwash 


Topical antiseptics (0.5% silver nitrate or 0.05% chlorhexidine) 


Wound care with biologic dressings (porcine xenografts), synthetic dressings, or 
silicone dressings 


Surgical debridement of blisters and necrotic tissue 
Consider [VIG (1—2 g/kg) or cyclosporine (3-5 mg/kg/day for 7 days) 
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Discontinue warfarin 
Vitamin K or fresh-frozen plasma to restore protein C or S 


WISN188,334 


Initiate heparin to prevent further thrombosis 
Protein C concentrate if patient has known protein C deficiency 
Skin grafting and/or surgical debridement 





FDE = fixed drug eruption, DRESS = drug rash with eosinophilia and systemic symptoms, IV = intravenous, 
IVIG = intravenous immunoglobulin, SJS = Stevens—Johnson syndrome, TEN = toxic epidermal necrolysis, 
WISN = warfarin-induced skin necrosis. 


INFORMATION FOR PATIENTS 


Patients in whom a drug-induced adverse cutaneous event develops should be 
educated as to the name of the specific offending drug, the terminology used to 
describe the rash, and the likelihood of the occurrence of a similar or more severe 
reaction following re-exposure to the drug. If the reaction was allergic-mediated, 
the patient should be instructed to question all newly prescribed medications 
regarding similarity to the offending agent in chemical structure or chemical class. 
If the cutaneous event was severe, the patient should be advised to wear a medical 
alert bracelet. Patients with underlying skin conditions such as acne or psoriasis 
should be instructed to question whether any newly prescribed medication may 
aggravate the condition. 
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CHAPTER 7 


Systemic Lupus Erythematosus-Like 
Syndrome 


Karen W. Lee and Matthew F: Ambury 


Idiopathic systemic lupus erythematosus (SLE) is an autoimmune disease of unclear 
etiology and pathogenesis. Clinical and laboratory findings characterizing SLE 
involve various organs of the body including the musculoskeletal system, skin, 
kidneys, and the central nervous system.'* Certain drugs have been reported to 
cause signs and symptoms that closely mimic the presentation of SLE, and this 
drug-induced syndrome is often referred to as drug-induced lupus, drug-related 
lupus, drug-induced lupus-like syndrome, drug-induced lupus erythematosus, lupus 
erythematosus medicamentosus, and drug/medication-induced SLE.!° For the 
purpose of this chapter, this syndrome will be referred to as drug-induced lupus. 


CAUSATIVE AGENTS 


Drugs that have been reported to cause drug-induced lupus are listed in Table 7-1.~ 
202 Since sulfadiazine was first reported to cause drug-induced lupus in 1945, over 
90 medications have been associated with the disease.!°?™ Although drug-induced 
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lupus has been reported as an adverse effect in clinical trials, most of the literature 
is in the form of case reports. 


EPIDEMIOLOGY 


Approximately 5—10% of cases of SLE are drug-induced.®?™ Using more recently 
published data on national prevalence of SLE, approximately 16,000—32,000 
people in the Unites States are afflicted by drug-induced lupus, with some estimates 
as high as 50,000.97" The estimated annual incidence of drug-induced lupus 
ranges from 3.2 to 9.4 cases per 100,000 persons, depending on patient-specific 
risk factors.7°*7°> The true incidence of drug-induced lupus may in fact be much 
higher, as some patients may experience mild symptoms that remain unrecognized 
and undiagnosed. 

The incidence of drug-induced lupus associated with specific agents is 
presented in Table 7-1.°?% Because the literature associating many medications 
with drug-induced lupus is primarily in the form of case reports, the incidence 
associated with specific medications is largely unknown or assumed to be less than 
1%.°> It is challenging to determine the incidence of drug-induced lupus associated 
with newer agents. However, drugs such as procainamide and hydralazine have 
been strongly associated with drug-induced lupus, and the incidence of drug- 
induced lupus associated with these agents is more easily estimated. Growing 
evidence supports a strong association between drug-induced lupus and other 
medications, such as chlorpromazine, isoniazid, methyldopa, quinidine, and 
minocycline.®32% 





Table 7-1 Agents Implicated in Drug-Induced Lupus 





Drug Incidence Level of Evidence* 


MOST COMMON 

Chlorpromazine6-20 C 
Hydralazine6,14-28 C 
Isoniazid6,16,18-20,29-32 C 
Methyldopa 16,33-35 C 
Minocycline 16,36-51 B 
Procainamide6, 14,20,52-62 C 
Quinidine 16,20,63-68 C 
ANTICONVULSANTS 


—~—<r rT 
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Carbamazepine 16,69-73 1% C 
Ethosuximide6,16,69,74-76 C 
Lamotrigine77-79 NK C 
Mephenytoin75 NK C 
Phenytoin16,18,69,75 NK C 
Primidone6,16,69 NK C 
Trimethadione 16,67,74,75 NK C 
Troxidone6 NK C 
Valproate80,8 1 NK C 
Zonisamide82 NK C 





ANTITHYROID DRUGS 
Methimazole6,83-85 


Methylthiouracil6,83 


Propythiouracil6, 16,35,83,86,87 











Thiamazole83 

CARDIOVASCULAR DRUGS 

Acebutolol6,16,88-90 NK C 
Amiodarone9 1,92 NK C 
Atenolol6,16,93 NK C 
Calctum-channel blockers (diltiazem, | NK C 
nifedipine, verapamil)94,95 

Captopril6,16,96,97 NK C 
Chlorthalidone 16,93 NK C 
Clonidine6,16,98 NK C 
Disopyramide 16,93 NK C 
Enalaprill 6,99 NK C 
Gemfibrozil100,101 NK C 
Guanoxan6 NK C 
HMG-CoA reductase inhibitors NK C 
(atorvastatin, fluvastatin, lovastatin, 

pravastatin, simvastatin)6,16,100- 

105 

Hydrochlorothiazide 16,106-108 C 


Labetalol6,16,109 


Z 
nw 
QD 
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Lisinopril99 
Metoprolol82 
Minoxidil6, 16,93 
Oxprenolol82 
Pindololl 6,110 
Practolol6,111 
Prazosin6,16,112 
Propafenone 16,93 
Propranololl13 
Reserpine 14 
Spironolactone 114 
Ticlopidine 115 


Triamterene 101 


Z 
nw 


Z 
| 


Z| Z 
| 


Z| 2 
| 


QO; a; arar;rarayayayar;ralrayaya 





Z 
nw 


ANTIBACTERIAL/ANTIFUNGAL AGENTS 


Cefepime82 

Cefuroxime 116 
Ciprofloxacin117 
Doxycycline38 
Griseofulvin6, 118,119 
Nafcillin120 
Nitrofurantoin6, 16,121,122 
Para-aminosalicylic acid6,83 
Penicilln6,123 
Rifabutin124 
Streptomycin125 
Sulfasalazine 16,35,126,127 
Sulfonamides 14,20,123,128 
Terbinafine 129-131 


Tetracycline38,132 


Trimethoprim—sulfamethoxazole 133 


Z 
| 


2; 2} Z| Z| Z| 4 





NK 


Z 
| 


CENTRAL NERVOUS SYSTEM AGENTS 


Chlorprothixene6,10,16,134 


N 


| 
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QO; ay, ara;rarayryr~ay;yayayrarayrayayayoaya 


oe) 


Clobazam135 
Clozapine 136,137 
Donepezill38 
Lithium6,16,139,140 
Perphenazine 114 
Phenelzine6,16,93 
Sertraline 141 


OTHER 
Adalimumab28, 142-145 


Allopurinoll4 
Aminoglutethimide6,93 
Anastrozole 146 
Bevacizumab147 
Bupropion148 
Capecitabine 147,149 
Certolizumab82 
Cimetidine 114 
Cyclophosphamide 149 
Dabigatran150 
Danazoll51 
Denosumab151 
Diclofenac82 
Docetaxell52 
Doxorubicin! 49,153 
D-Penicillamine6,18,35,154-160 
Estrogens 161 
Etanercept28,162-167 
Fluorouracill49 
Flutamide 168 
Gemcitabine 149 

Gold salts6,83 


Hepatitis B vaccine 169 


Z| Z 
| 





Z 
nw 
QO; a7, aqralrasyayoa 


Z| Z Z| Z 
| | 


Z 
| 





0.4-2% 


Z 
| 
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Hydrazine63,64 NK C 
Infliximab28, 162,163,166,171-176 C 
Interferon a6,16,177-179 NK C 
Interferon $180,181 NK C 
Interleukin-2182,183 C 
Leuprolide acetate 184 NK C 
Levodopa6, 16 NK C 
Mesalamine185 NK C 
Methysergide6 C 
Oral contraceptives6,14,186-194 NK C 
Phenylbutazone6,16,195,196 NK C 
Piroxicam146 NK C 
Promethazine 114 C 
Proton pump inhibitors NK C 
(esomeprazole, lansoprazole, 

omeprazole, pantoprazole) 196-198 

Ranitidine 146 NK C 
Sulfadiazine 199 NK C 
Tamoxifen|49 C 
Taxanes149,152,200,201 C 
Tiotropium146 NK C 
Tocainide 83,202 NK C 
Zafirlukast82 NK C 





HMG-CoA = 3-hydroxy-3-methylglutaryl-coenzyme A, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


MECHANISMS 
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Possible mechanisms of drug-induced lupus are summarized in Table 7- 
2 90°1,83,90207-217 Mechanisms of drug-induced lupus involve alterations in 
immunologic pathways or drug metabolism. Although precise mechanisms are 
unknown, several hypotheses have been proposed, including one or often a 
combination of the following mechanisms for a given lupus-inducing agent: 
molecular mimicry, nucleic acid alterations, immunoregulatory alterations, 
interference in the complement pathway, and predisposing genetic factors. 
Molecular mimicry involves the interaction between an implicated medication and 
a nucleic acid. Drugs or drug metabolites with structures that are similar to the 
structure of a particular nucleic acid may stimulate the production of autoantibodies 
to that nucleic acid, the drug, or its metabolite. This hypothesis has been supported 
by several studies showing structural similarities between hydralazine and the 
nucleic acid adenosine.!77!8 


The nucleic acid alteration hypothesis suggests that the offending drug or its 
metabolite may somehow alter the immune process, increasing the immunogenicity 
of nuclear antigens. Alternatively, the drug or metabolite may couple with an 
antigen to form a hapten, triggering the formation of autoantibodies. The drug or its 
metabolites may also damage deoxyribonucleic acid (DNA), which may also result 
in the formation of autoantibodies.!’*°7!? For drugs that undergo hepatic 
acetylation, acetylator phenotype may affect response to this damage. Fast 
acetylators require less DNA repair, suggesting that less damage to DNA occurs in 
patients with this phenotype. !7*?.7! 


Defective methylation of DNA in T cells has been suggested in the pathogenesis 
of idiopathic SLE and may also contribute to the development of drug-induced 
lupus. Hypomethylation of DNA in T cells alters T-cell gene expression and 
function.*! Both procainamide and hydralazine inhibit DNA methylation, which may 
be an important component of the development of drug-induced lupus associated 
with these drugs. 


The immunoregulatory alteration hypothesis suggests that drug or drug 
metabolites may alter the function of immunoregulatory cells via direct cytotoxicity. 
Studies examining this hypothesis have produced inconsistent results.?2° 
Procainamide alters the function of T lymphocytes in vitro, enhancing or 
suppressing the proliferative response in a concentration-dependent fashion; high 
concentrations of procainamide suppress lymphocyte response, whereas low 
concentrations enhance this response.*!> Macrophages and mononuclear cells may 
also be involved in immunoregulation. It is proposed that during drug metabolism, 
these cells may release a variety of oxygen free radicals, which may be directly 
cytotoxic to lymphocytes. This cytotoxicity may lead to the loss of T suppressor 
cells, stimulation of B cells, and increased antibody production.!’”*! Drugs or drug 
metabolites may bind to the major histocompatibility antigens on monocytes, 
rendering them immunogenic.!’?”* The drug or the metabolite may also bind to 
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histone antibodies, stimulating the production of antihistone antibodies.!’7!’ 
Antitumor necrosis factor a (anti-TNF a) may promote humoral autoimmunity by 
selectively downregulating the induction of cytotoxic T lymphocyte response, a 
mechanism normally involved in controlling B-cell hyperactivity, which may 
induce lupus in some patients. !°+!7 


Table 7-2 Mechanisms of Drug-Induced Lupus# 


Hypothesized Mechanism(s) 





MOST COMMON 

Chlorpromazine83 Direct cytotoxicity due to formation of reactive metabolite(s) 

Hydralazine 17,83,207-210 Interaction between hydralazine and nucleic acid adenosine leading to an 
increase in immunogenicity of nuclear antigens and/or formation of 
autoantibodies; inhibition of covalent binding reactions between C3 and C4 
leading to prohibited clearing of immune complexes; slow acetylation 
and/or presence of certain HLA alleles; inhibition of DNA methylation; 
direct cytotoxicity due to formation of reactive metabolite(s) 

Isoniazid83,207,209 Inhibition of covalent binding reactions between C3 and C4 leading to 
prohibited clearing of immune complexes; slow acetylation; direct 
cytotoxicity due to formation of reactive metabolite(s) 

Methyldopa NK 

Minocycline50,211 Genetic predisposition due to presence of certain HLA alleles; incomplete 


inhibition of apoptosis pathways resulting in autoimmunity 


Procainamide51,83,209,210,212-216| Alters function of immunoregulatory cells, including the interference of T- 
cell maturation, via direct cytotoxicity due to formation of the 
procainamide-hydroxylamine reactive metabolite; inhibition of covalent 
binding reactions between C3 and C4 leading to prohibited clearing of 
immune complexes; slow acetylation; inhibition of DNA methylation 


Quinidine83 Direct cytotoxicity due to formation of reactive metabolite(s) 

OTHERS 

Acebutolol90 Direct cytotoxicity due to formation of reactive metabolite(s) 

Etanercept217 Inhibition of cytotoxic T lymphocyte induction causing down regulation in 
control of B-cell hyperactivity 

Infliximab217 Inhibition of cytotoxic T lymphocyte induction causing down regulation in 
control of B-cell hyperactivity 

Propythiouracil83 Direct cytotoxicity due to formation of reactive metabolite(s) 

Sulfonamides2 10 Slow acetylation 


DNA = deoxyribonucleic acid, HLA = human leukocyte antigen, HMG = 3-hydroxy-3-methyl-glutaryl- 
coenzyme, NK = not known. 
aFor drugs listed in 7,,). 7.1 that are not listed in this table, the mechanism of drug-induced lupus is unknown. 
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Another immunoregulatory alteration hypothesis involves the interference of T- 
cell maturation in the thymus by a reactive metabolite of procainamide, 
procainamide-hydroxylamine. These immature T cells are then exported to the 
periphery and are reactive to chromatin. The T cells assist autoreactive B cells that 
are already in the periphery to stimulate an autoantibody response.7!27!4 


It is well established that hereditary deficiencies in complements 1, 2, and 4 
(Cl, C2, and C4) predispose patients to idiopathic lupus and other autoimmune 
diseases.'? One of the roles of the complement system is to scavenge immune 
complexes, promoting their clearance from the body.”*> Drug-induced lupus may 
occur as a result of interference in the complement pathway. Some drugs or drug 
metabolites may inhibit C3 activation, preventing complement from clearing 
immune complexes and possibly stimulating autoimmune processes. Isoniazid, 
hydralazine, and the hydroxylamine metabolite of procainamide have been shown to 
inhibit covalent binding reactions between C3 and C4.!79 


It has been proposed that genetic factors may play a role in the development of 
drug-induced lupus. The term /upus diathesis refers to a predisposition to 
idiopathic lupus. Patients with lupus diathesis are those with a personal or family 
history of arthritis, myalgia, drug reaction, pleuritic pain, epilepsy, or 
leukopenia.?°’?*4 In patients with lupus diathesis, certain drugs may cause the 
clinical expression of the disease; in contrast, medications known to cause drug- 
induced lupus may be used in patients with idiopathic SLE without exacerbating 
disease.*°’7*4 Other genetic factors may be important in the development of drug- 
induced lupus. The incidence of lupus induced by hydralazine and, to a lesser 
extent, procainamide is higher in slow acetylators.7!°7!> This is most likely due to 
metabolism of hydralazine or procainamide resulting in the formation of an active 
metabolite. Other genetic factors have also been associated with the development 
of drug-induced lupus, including the presence of certain human leukocyte antigen 
(HLA) alleles. HLA-DR4 is found in 73% of patients with hydralazine-induced 
lupus, which is higher than the rate in patients with SLE (25%).7°° The HLA-DR2 
and HLA-DQBI alleles have also been found in patients with minocycline-induced 
lupus.7!! The presence of null alleles for the fourth component of complement (C4) 
has been associated with drug-included lupus.°!~*> Another hypothesis suggests that 
minocycline-induced lupus may occur as a result of incomplete inhibition of 
apoptosis pathways, leading to autoimmunity.°° 


Table 7-3 Signs and Symptoms Associated with Drug-Induced 


Lupus 


¢ Anemia (serum hemoglobin <11.5 g/dL) 
¢ Anti-dsDNA 
¢ Antihistone antibodies 
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¢ Antinuclear antibodies 

¢ Anti-Sm antibodies 

« AntissDNA 

¢ Arthralgia 

* Arthritis 

* Drug-specific skin manifestations (e.g., butterfly rash, purpura, erythema nodosum, and erythematous 
papules) 

* Elevated erythrocyte sedimentation rate 

¢ Fever 

* Hepatosplenomegaly 

* Hypergammaglobulinemia 


* Leukopenia (white cell count <4,000/mm?) 
Lupus erythematosus cells 

¢ Malaise 

¢ Mild kidney involvement (e.g., glomerulonephritis) 
¢ Myalgia 

* Pericarditis 

¢ Pleural effusion 

¢ Pleuritis 

* Positive Coombs test 

¢ Pulmonary infiltrate 

* Weight loss 


DNA = deoxyribonucleic acid, dsDNA = double-stranded DNA, Sm = Smith nuclear antigen, ssDNA = single- 
stranded DNA. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms associated with drug-induced lupus are listed in Table 7-3. 
Signs and symptoms of drug-induced lupus typically present within 3 weeks to 2 
years after initiation of therapy with the suspected agent.>!?! Patients typically 
present with prodromal symptoms of arthralgia and arthritis before progression to a 
lupus-like syndrome, potentially affecting numerous organs.!? Arthralgia is present 
in up to 90% of patients with drug-induced lupus.?°°*”° Patients typically present 
with only one or two symptoms. Initial presentation usually involves articular 
symptoms characterized by polyarticular and symmetric joint involvement.?°77’ 
Constitutional symptoms associated with drug-induced lupus include fever, 
malaise, musculoskeletal symptoms (i.e., myalgia, arthralgia, arthritis), serositis 
(i.e., pleurisy, pericarditis, pleural effusion, pulmonary infiltrate), hepatomegaly, 
splenomegaly, and skin manifestations, including the signature “butterfly rash” 
associated with SLE.»-!7!9.20.3°227 Weight loss has also been reported in association 
with drug-induced lupus.7?7!°* Autoimmune hepatitis has been reported with an 
incidence of 32-54% in patients with minocycline-induced lupus.!*°4! Pulmonary 
involvement with pleuropericarditis and pulmonary infiltrates is most commonly 
reported with lupus induced by procainamide. !®!?°259.6.228 Cutaneous involvement 
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is generally less frequent in drug-induced lupus, although certain skin 
manifestations are actually more common as compared with idiopathic SLE, 
including purpura, erythema nodosum, and erythematous papules. Cutaneous 
manifestations occur in up to 39% of patients with quinidine- and hydralazine- 
induced lupus but are rarely associated with minocycline- or procainamide-induced 
lupus.!*?79 Certain drugs may induce characteristic skin manifestations unique to 
the medication.*7°? 

Serologic evidence in patients with drug-induced lupus typically includes a 
positive antinuclear antibody (ANA) test, lupus erythematosus cells, antihistone 
antibodies, and the absence of antibodies to DNA.!7!2622723! Tt is important to 
note that some drugs cause a positive ANA test without evidence of clinical 
disease.*>?!73? Likewise, patients taking either quinidine or minocycline and 
exhibiting rheumatologic symptoms of lupus may not present with a positive ANA 
test.'° Depending on the drug, antibody formation may be directed toward 
individual histones (1.e., Hl, H2A, H2B, H3, H4) and/or histone complexes (1.e., 
H2A-2B, H3-4).2°7°334 The antibodies present as either immunoglobulin G or 
immunoglobulin M.!”-!°?° Binding to single-stranded DNA has been reported in a 
few cases, but binding to double-stranded DNA has not been reported.!”7? 
Antiphospholipid antibodies have been reported predominantly in cases of lupus 
induced by chlorpromazine but also in association with lupus induced by other 
drugs, such as hydralazine, procainamide, quinidine, valproic acid, amoxicillin, 
propranolol, and streptomycin.2%.7°.23° Antibodies against Smith nuclear antigen 
(anti-Sm) are not commonly present in patients with drug-induced lupus.*!972.73!237 





Elevations in the erythrocyte sedimentation rate (ESR) are very common, 
indicative of an inflammatory process.!!®!7!9°!22723! Serum complement 
concentrations are generally normal; however, several reports of transient lowering 
of serum complement concentrations (1.e., C3 and C4) have been 
published. !°!7-19.29.227,231,238.239 Anemia, leukopenia, thrombocytopenia, and 
hypergammaglobulinemia are less common and are usually mild.!°!7-!90.227 A 
positive Coombs test has been reported in cases of lupus induced by methyldopa, 
procainamide, and hydralazine.!?7°°2.240-? Circulating lupus anticoagulants, due to 
binding of autoantibodies to phospholipids and proteins associated with the cell 
membrane, have been reported in patients taking chlorpromazine; however, the 
association of these lupus anticoagulants with the diagnosis and prognosis of drug- 
induced lupus is unclear.73!7+ 

Drug-induced lupus is less likely than idiopathic SLE to involve the central 
nervous system or the kidneys.*!72°.!73:!26231 Nonetheless, neuropathy has been 
reported in patients diagnosed with lupus induced by procainamide or hydralazine, 
and mild and reversible kidney involvement, particularly glomerulonephritis, has 
been noted in cases of drug-induced lupus caused by D-penicillamine, hydralazine, 
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griseofulvin, procainamide, propylthiouracil, quinidine, and 
anticonvulsants. >»!4:!7.19,20,126,227,231,246-253 The signs and symptoms of idiopathic 
SLE and drug-induced lupus are compared and contrasted in Table 7- 
4 1,2,17,19,51,52,93,206,227,230,232,247,254-259 Nig specific diagnostic criteria for drug- 
induced lupus exist.!:!’> However, several investigators have identified cases of 
drug-induced lupus based on four patient criteria: (1) adequate exposure (dose and 
duration) of a drug suspected of inducing lupus, (2) temporal association of clinical 
manifestation upon drug ingestion with no history of idiopathic SLE prior to drug 
administration, (3) positive ANA test with at least one clinical symptom of SLE, 
and (4) remission of clinical symptoms and gradual decline in serum ANA 
concentrations following drug discontinuation.>!4!°!7-!972.23! At least one clinical 
symptom of SLE must be present for diagnosis because many patients can convert 
from ANA-negative to ANA-positive with no clinical signs or symptoms of 
lupus.!’ Recurrence of lupus symptoms after a rechallenge with the implicated drug 
strengthens the probability that the syndrome is drug-induced, although rechallenge 
is seldom performed.!? 
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Table 7-4 Comparison of Signs and Symptoms Associated with Drug-Induced Lupus Versus 








Idiopathic SLE 
All Drug-Induced | Procainamide- | Hydralazine- 
Manifestations Idiopathic SLE | Lupus Induced Lupus | Induced Lupus 
“ a patients experiencing siisyerion 








Anemia (hemoglobin <11.5 g/dL) ee 30-35 
Anti-dsDNA a are 
Antihistone antibodies 90-95 90-95 


Antinuclear antibodies 100 


Anti-Sm antibodies 40-50 oe 10-20 10-20 
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vi 
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Anti-ssDNA 50-90 30-48 70-80 70-80 
Arthralgia 2- —— 74-95 84-95 
Arthritis 86-95 

CNS involvement 25-70 0 


Complement concentrations Reduced NK 
Discoid lesions Unusual 
Erythrocyte sedimentation rate Elevated Elevated Elevated 
Fever 75-85 45 14-50 
Hepatosplenomegaly 3-75 
Hypergammaglobulinemia a ES 
Leukopenia (white cell count <4,000/mm?’) 

Lupus erythematosus cells {pane [w [se 

Malaise ne el 

Myalgia Cc [a 2M 
Pericarditis 18-50 0-2 
Pleural effusion 16-33 NK 10 
Pleuritis 42-60 . 4-25 
Positive Coombs test 18-25 0-5 
Pulmonary infiltrate 0-10 INK sds 3-25 
Skin manifestations so-75 i (sté«é‘dT—“ <$estsi‘éd dC 2-39 
Thrombocytopenia a a a 


CNS = central nervous system, DNA = deoxyribonucleic acid, dsDNA = double-stranded DNA, NK = not known, SLE = systemic 
lupus erythematosus, $m = Smith nuclear antigen, ssDNA = single-stranded DNA. 
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To confirm a case of drug-induced lupus, one must recognize key differences 
between the clinical and laboratory findings characteristic of idiopathic SLE and 
those of drug-induced lupus. Although the presentation of SLE and drug-induced 
lupus appear similar on initial assessment, the underlying characteristics of each 
condition are not the same. The two conditions differ in terms of known risk 
factors, affected organs, serologic features, and severity. The diagnosis of SLE is 
based on the presence of four clinical or laboratory findings in a variety of organs 
according to guidelines compiled by the American College of Rheumatology. 
However, no specific diagnostic criteria have been adopted for drug-induced lupus. 
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Idiopathic SLE presents in a younger population, ranging from 15 to 40 years of 
age, with an average age at presentation of 29 years. Idiopathic SLE is reported 
more commonly in females.*-!77>° Unlike drug-induced lupus, idiopathic SLE often 
presents with antibodies to double-stranded DNA, and 1s less likely to be 
associated with antibodies to antihistones.! Antihistone antibodies are present in 
25% of SLE cases, whereas 90% of drug-induced lupus cases present with 
antihistone antibodies.°°??’ Anemia, leukopenia, and thrombocytopenia are more 
common and usually more severe in patients with idiopathic SLE as compared with 
drug-induced lupus.?*’ Other symptoms, such as butterfly rash, alopecia, discoid 
lesions, and mucosal ulcers are more common in idiopathic SLE.>?! 


Because drug-induced lupus-like syndrome is characterized by a multisystem 
presentation, a broad spectrum of illnesses must be ruled out during a differential 
diagnosis. Viral or bacterial conditions must be ruled out because of the common 
presentation of fever and malaise. Because patients with lupus induced by certain 
drugs (e.g., procainamide) may present with pleuropulmonary involvement, other 
pulmonary diseases (e.g., pneumonia, pulmonary embolus) must be ruled out.!” 
Refer to Table 7-5 for conditions to consider in the differential diagnosis of drug- 
induced lupus. 


Table 7-5 Conditions to Consider in the Differential Diagnosis of 





sey ania Lupus 


Antiphospholipid antibody syndrome 
* Connective-tissue diseases 
¢ Fibromyalgia 
* Idiopathic systemic lupus erythematosus 
¢ Pleuropulmonary conditions (pneumonia, pulmonary embolus) 
* Rheumatoid arthritis 
* Scleroderma 
¢ Systemic sclerosis 
¢ Vasculitis (Wegener granulomatosis) 
¢ ViraVbacteriologic conditions 


Other chemical agents and environmental toxins may contribute to lupus-like 
syndrome and must be ruled out. Such factors include exposure to hydrazines (e.g., 
mushrooms, tobacco, tobacco smoke), aromatic amines (e.g., hair-coloring 
solutions), eosin (ingredient in cosmetics), tartrazine (i.e., food colorant), 


insecticide, and heavy metals (e.g., mercury, cadmium).°:!”!*! 


Two other forms of drug-induced lupus include drug-induced subacute 
cutaneous lupus erythematosus (SCLE) and drug-induced chronic cutaneous lupus 
erythematosus (CCLE). Drugs including terbinafine, hydrochlorothiazide, 
acebutolol, bupropion, interferons o@ and £, immunosuppressive or cancer 
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chemotherapy agents, certain angiotensin-converting enzyme inhibitors, 3-hydroxy- 
3-methylglutaryl coenzyme A reductase inhibitors (statins), and calcium-channel 
blockers have been associated with drug-induced SCLE.8%!29!54260-263 This 
condition appears to be more common in females than in males, and anti-Sjogren 
syndrome A/B (also known as anti-Ro/La), antihistone, and ANA have been 
detected. Fluorouracil agents have been associated with drug-induced CCLE. 
Limited information regarding these types of drug-induced lupus exists.77° 


Investigation of the patient’s medication profile is an important step in 
diagnosing potential drug-induced lupus. Because the published literature 
documenting drug-induced lupus is limited to case reports and does not often 
include medications that have recently entered the market, an understanding of the 
characteristics that influence the likelihood of a drug to cause lupus is critical. The 
biochemical structure of a drug may influence the potential for drug-induced 
lupus.°?2°27 A common structural feature shared by many drugs associated with 
lupus is the presence of a nitrogen or sulfur heteroatom in a functional group such 
as the aromatic amine, hydrazine, sulfhydryl, or thiono-sulfur. Many of the drugs 
that have been implicated in drug-induced lupus produce chemically reactive 
metabolites; these drugs include aromatic amines (e.g., procainamide, dapsone, 
sulfadiazine, aminosalicylic acid, aminoglutethimide, sulfasalazine, practolol, 
acebutolol), hydrazines (e.g., hydralazine, isoniazid, phenelzine, hydrazine), or 
drugs containing a sulfhydryl or thiono group (e.g., propylthiouracil, methimazole, 
penicillamine, and captopril). Drugs characterized as hydantoin anticonvulsants 
(e.g., phenytoin, mephenytoin, ethosuximide, trimethadione) may also cause drug- 
induced lupus because of their similar reactive metabolites. The association 
between the production of reactive metabolites based on the biochemical structure 
of a drug and its potential to induce lupus is merely hypothesized. Lithium is 
associated with lupus but undergoes no metabolism at all. 


RISK FACTORS 


Risk factors for drug-induced lupus are listed in Table 7-6 and are often specific to 
the causative agent. Patient characteristics that influence drug metabolism have 
been associated with drug-induced lupus.!? In the past, investigators identified 
lupus diathesis as a risk factor for drug-induced lupus. However, this has not been 
proven. 

Many reported cases of drug-induced lupus are in older patients (mean age = 62 
years).>!’3°”27 This may be because patients who take these drugs, typically 
prescribed for cardiac and other diseases, tend to be older.!”77°.2°3 However, 


cases of anticonvulsant-induced lupus have been reported most commonly in 
children, 12.20.75.262,264 
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According to case reports published in the United States, white patients are six 
times more likely to be affected by drug-induced lupus as compared with black 
individuals.®2°7!3526> The ratio of occurrence of idiopathic SLE in blacks versus 
whites is 2.7:1. However, this ratio is 0.3:1 for procainamide-induced lupus and 
0.2:1 for hydralazine-induced lupus. !’ 


Table 7-6 Risk Factors for Drug-Induced Lupus 


* Certain HLA allele expression (HLA-DR2, HLA-DR4, HLA-DQB1) 
¢ Duration of drug use (3 weeks to 2 years) 

* Female sex 

¢ High single dose or high cumulative dose of drug 

* Older age (mean age, 62 years) 

¢ Presence of null alleles for fourth component of complement (C4) 

* Slow acetylator phenotype 

¢ White race 


HLA = human leukocyte antigen. 


Idiopathic SLE occurs more commonly in females, with a reported female-to- 
male ratio of 9:1.2° Conversely, drug-induced lupus tends to affect both sexes 
equally, although females may still be at a slightly increased risk; female-to-male 
ratios range from 1:1 to 1.6:1.11770.256-258262,266 An exception is patients with 
minocycline-induced lupus, with which women are 14 times more likely than men 
to be affected. It has been hypothesized that women may often have a higher risk of 
minocycline-induced lupus because of the estrogen-related increase of calcineurin 
activity causing enhanced T-cell activation.7°/ 

Many cases of drug-induced lupus occur after prolonged administration of the 
causative agent for 1 month or longer.*? Drugs such as_antiepileptics, 
antiarrhythmics (procainamide), and other medications (e.g., hydralazine, isoniazid, 
chlorpromazine) cause lupus in a dose-dependent manner.*!”!*> This dose 
relationship may correlate to the accumulation of unacetylated drug in the body.!”!? 
Hydralazine doses >200 mg/day or cumulative doses of more than 100 g have been 
associated with lupus-like syndrome.2276>26° 

Certain drugs undergo acetylation to be inactivated. Patients who are slow 
acetylators often are at a higher risk of adverse effects from these drugs because of 
the potential for accumulation of the active drug. For instance, sulfasalazine 1s 
metabolized into sulfapyridine and 5-aminosalicylic acid; the sulfapyridine 
component is typically acetylated in the liver by the enzyme N-acetyltransferase 2 
(NAT2). Individuals with a mutation on the NA72 gene have impaired enzyme 
function (“slow acetylators’) and present with higher concentrations of the active 
sulfapyridine component rather than its inactivated form.!7°*°? Slow acetylators of 
procainamide experience lupus-like symptoms four times more rapidly than fast 
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acetylators, and positive ANA tests develop at lower cumulative drug doses in 

slow acetylators than in fast acetylators.’7’*”° Other drugs that are acetylated in the 

liver through NAT2 include hydralazine, isoniazid, and sulfonamides.*>!720.210.227 
The severity of hydralazine-induced lupus is greatly influenced by acetylator 


phenotype. One study reported that 60% of slow acetylators taking <400 mg of 
hydralazine had a positive ANA test, whereas 0% of fast acetylators taking the 
same dose of hydralazine showed positive serum ANA titers.7° On the other hand, 
although the incidence of procainamide-induced lupus is higher in slow acetylators, 
the severity of procainamide-induced lupus is influenced minimally by acetylator 
type.2°”,2©? Because both fast and slow acetylators may experience procainamide- 
induced lupus, it has been hypothesized that a reactive, nonacetylated metabolite of 
procainamide may be responsible for the syndrome.?”? The influence of the 
acetylator phenotype is supported by the evidence that no cases of drug-induced 
lupus associated with the administration of the acetylated form of procainamide, N- 
acetylprocainamide, have been reported.!”!° Acetylator phenotype is not 
necessarily a risk factor for lupus induced by all drugs reported to induce this 
disease; this risk factor is exclusive to certain drugs (Table 7-2). It is also 
important to note that acetylator status does not influence idiopathic SLE.?”! 

Various HLA types, especially HLA-DR2 and DR4, are associated with SLE.° 
However, only HLA-DR4, which is associated with slow acetylation, has been 
shown to be strongly associated with hydralazine-induced lupus.° For example, in 
one study, 73% of patients with hydralazine-induced lupus had HLA-DR4.7°° The 
presence of a null allele for C4 is also a risk factor for drug-induced lupus.°!7° 


MORBIDITY AND MORTALITY 


Drug-induced lupus usually resolves within weeks to months after discontinuation 
of the offending drug, although the ANA test may remain positive for months to 
years.>”9 It is fatal only in extremely rare circumstances, usually as a result of 
kidney failure.° The psychosocial impact of a drug-induced lupus diagnosis is not 
as severe as that of idiopathic SLE due to the relatively shorter duration and better 
prognosis associated with drug-induced lupus. Healthcare utilization is short-term 
for drug-induced lupus but, with either condition, emotional support, symptomatic 
treatment, and intentional patient involvement to gather information for an accurate 
assessment are vital to a timely diagnosis and appropriate treatment.7”7 


PREVENTION 
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Monitoring parameters for prevention and detection of drug-induced lupus are 
presented in Table 7-7. Drug-induced lupus is an idiosyncratic drug reaction that 
may not be explained by the known pharmacologic actions of the specific drug. To 
prevent drug-induced lupus, drugs known to cause the lupus-like syndrome should 
be avoided. However, avoidance of certain drugs may not be an option in many 
medical circumstances. The lupus-inducing potential of only a select number of 
drugs has been substantiated with results from prospective studies. The potential 
for other drugs to cause lupus is supported only by spontaneous, and often single, 
case reports. As a routine screening process, baseline serum ANA titers should be 
determined when initiating a medication documented to induce lupus.*> Periodic 
ANA testing should be initiated based on clinical judgment, remembering that 
serum ANA titers alone are not diagnostic of drug-induced lupus. A common 
recommendation is to obtain a complete blood count, ANA titer, and ESR every 3 
months in a patient receiving a drug with the potential to cause lupus.” Periodic 
assessment of constitutional signs and symptoms associated with the syndrome 
helps guide the clinical decision to continue or discontinue therapy with the 
implicated drug. 


Table 7-7 Approaches to Help Prevent Drug-Induced Lupus 


Monitor the following at baseline and every 3 months during 
therapy: 


¢ Serum antinuclear antibody titers 

* Complete blood count 

¢ Erythrocyte sedimentation rate 

¢ Signs and symptoms of drug-induced lupus 


There are no data to support cross-sensitivity between medications implicated 
in drug-induced lupus; therefore, it 1s not possible to say with certainty that patients 
experiencing drug-induced lupus while taking one medication will develop the 
same reaction to another potential lupus-causing drug. However, careful clinical 
decision making is necessary when considering treatment with these medications. 
Patients should be followed carefully and appropriate baseline testing should be 
performed to ensure patient safety during the course of treatment. 


MANAGEMENT 


Strategies for managing drug-induced lupus are presented in Table 7-8. Symptoms 
of drug-induced lupus do not subside with continued administration of the offending 


agent, although they are reversible on discontinuation of therapy.!?7?”! Therefore, 
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discontinuation of the offending drug is required. Clinical and laboratory findings 
associated with drug-induced lupus typically disappear within weeks. Rarely, 
clinical and laboratory findings may take years to resolve after the termination of 
therapy with the lupus-inducing drug.*!?7°!7°7° Although symptoms often resolve 
quickly, serum ANA titers may fall gradually over several months to 2 years.?*>*! 
Clinical symptoms of lupus do not develop in most asymptomatic patients with 
positive ANA titers, and discontinuation of therapy is not required in these 


cases.°! 


Table 7-8 Management of Drug-Induced Lupus 


Sign/Symptom 
Positive antinuclear antibody only 
Any lupus-like symptoms 


Persistent constitutional symptoms and/or 
musculoskeletal symptoms 


Cardiovascular (e.g., pleurisy, pericarditis), kidney 
involvement (e.g., increasing protemuria/creatinine, 


Management 
Continue drug if asymptomatic 
Discontinue drug immediately 


Discontinue drug immediately; treat symptoms with 
aspirin or nonsteroidal anti-inflammatory drugs 


Discontinue drug immediately 
Initiate low-dose corticosteroids (e.g., prednisone 0.5— 


1.0 mg/kg daily) tapered over | week to several 
months; combine with another immunosuppressant 
(e.g., azathioprine, mycophenolate mofetil, 
cyclophosphamide, methotrexate) for refractory 
cases requiring long-term steroid use 

Initiate or change/escalate antihypertensive therapy if 
at least two blood pressure readings over 3 months 
include systolic blood pressure readings >130 mm 
Hg or diastolic blood pressure readings >80 mm Hg 


active urinary sediment), neuropsychiatric symptoms 


Initiate hydroxychloroquine at 200 mg twice daily and 
continue indefinitely 


Skin and joint manifestations, and constitutional 
symptoms including fever, malaise, and fatigue 


Patients often improve dramatically without treatment. Patients experiencing 
musculoskeletal and mild constitutional symptoms (e.g., pyrexia, arthralgia, 
myalgia) may be treated with anti-inflammatory agents such as aspirin and 
nonsteroidal anti-inflammatory drugs if there are no contraindications to their 
use. !719.20227,231273 However, patients presenting with more severe symptoms (e.g., 
pleurisy, pericarditis, kidney involvement, neuropsychiatric) require treatment with 
empirical, short-term low-dose systemic corticosteroids (e.g., prednisone 0.5—1.0 
mg/kg/day) tapered over 1 week to several months, which may require an 
additional immunosuppressant and/antihypertensive therapy, if 
refractory,°-10!7.19.20.227,256,257,262,273-275 Patients presenting with drug-induced lupus- 
associated skin manifestations have been treated with antimalarial agents (1.e., 
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chloroquine—hydroxychloroquine).*.7>!:7”°775 Several case reports describe 
rechallenge of the offending agent; lupus symptoms promptly reappeared on 
reinitiation of the drug.*??7/ 


INFORMATION FOR PATIENTS 


When patients are initiated on a drug that is strongly associated with drug-induced 
lupus, the healthcare professional should counsel the patient regarding the fact that 
symptoms of arthralgia or arthritis may occur at any time during the therapy—up to 
and including 2 years after the first dose. Regardless of whether or not the patient 
has an arthritis-related medical condition before the initiation of the drug, 
symptoms of fever, malaise, and skin manifestations of unknown origin should be 
reported promptly. The patient should also be counseled regarding other specific 
symptoms associated with the implicated drugs (e.g., pulmonary symptoms with 
procainamide, symptoms of hepatotoxicity with minocycline) and educated on sun 
avoidance. The healthcare professional must educate the patient regarding the 
importance of reporting symptoms because of (1) the progression of the syndrome if 
ignored, and (2) the reversibility of the syndrome on cessation of therapy with 
implicated drug. 


REFERENCES 


t Schlienger RG, Bircher AJ, Meier CR. Minocycline-induced lupus. 
Dermatology. 2000;200:223-31. 


2. American College of Rheumatology; Ad Hoc Committee on Systemic 
Lupus Erythematosus Guidelines. Guidelines for referral and management 
of systemic lupus erythematosus in adults. Arthritis Rheum. 1999; 
42:1785-96. 

a Resman-Targoff BH. Systemic lupus erythematosus. In: DiPiro JT, Talbert 
RL, Yee GC et al., eds. Pharmacotherapy: a pathophysiologic approach. 
9th ed. New York: McGraw-Hill; 2014. 

4. Hahn B. Systemic lupus erythematosus. In: Kasper D, Fauci A, Hauser S et 
al., eds. Harrisons principles of internal medicine. 19th ed. New York: 
McGraw-Hill; 2015. 

2. Pramatarov KD. Drug-induced lupus erythematosus. Clin Dermatol. 1998; 
16:367-77. 

6. Yung RL, Richardson BC. Drug-induced lupus. Rheum Dis Clin North Am. 
1994; 20:61-86. 

7. Alarcon-Segovia D, Fishbein E, Cetina JA et al. Antigenic specificity of 
chlorpromazine induced antinuclear antibodies. Clin Exp Immunol. 1973; 


266 


10. 


It, 


es 


i. 


14. 


LS. 


16. 


Ny, 
18. 


19. 


20. 
yale 


a. 


22. 


24. 


it 


15:543. 

Dubois EL, Tallman E, Wonka RA. Chlorpromazine-induced systemic 
lupus erythematosus. JAMA. 1972; 221:595-6. 

Berglund S, Gottfries CG, Gottfries I et al. Chlorpromazine-induced 
antinuclear factors. Ada Med Scand. 1970; 187:67-74. 

Fabius AJM, Faulhofer WK. Systemic lupus erythematosus induced by 
psychotropic drugs. Ada Rheum Scand. 1971; 17:137-47. 

Goldman LS, Hudson JI, Weddington WW. Lupus-like illness associated 
with chlorpromazine. Am J Psychiatry. 1980; 137:1613-4. 


Pavlidakey GP, Hashimoto K, Heller GL et al. Chlorpromazine-induced 
lupus-like disease: case report and review of the literature. Am J Acad 
Dermatol. 1985; 13:109-15. 


Steen VD, Ramse-Goldman R. Phenothiazine-induced systemic lupus 
erythematosus with superior vena cava syndrome: case report and review 
of the literature. Arthritis Rheum. 1988; 31:923-6. 


Lee SL, Chase PH. Drug-induced systemic lupus erythematosus—a critical 
review. Semin Arthritis Rheum. 1975; 5:83-103. 


Benton JW, Tynes B, Register HB. Systemic lupus erythematosus occurring 
during anticonvulsant drug therapy. JAMA. 1962; 180:115. 


Rubin RL. Etiology and mechanisms of drug-induced lupus. Curr Opin 
Rheumatol. 1999; 11:357-63. 


Hess EV, Mongey AB. Drug-related lupus. Bull Rheum Dis. 1991; 40:1-8. 


Harpey JP. Lupus-like syndromes induced by drugs. Ann Allergy. 1974; 
33:256-61. 


Weinstein A. Drug-induced systemic lupus erythematosus. Prog Clin 
Immunol. 1980;4 :1-21. 


Price EJ, Venables PJ. Drug-induced lupus. Drug Saf. 1995; 12:283-90. 
Cameron HA, Ramsay LE. The lupus syndrome induced by hydralazine—a 
common complication with low dose treatment. BMJ. 1984;289:410-2. 
Sturman SG, Kumararatne D, Beevers DG. Fatal hydralazine induced 
systemic lupus erythematosus. Lancet. 1988; 2:1304. 

Dustan HP, Taylor RD, Corcoran AC et al. Rheumatic and febrile 
syndrome during prolonged hydralazine therapy. JAMA. 1954; 154:23-9. 
Perry HM Jr, Schroeder HA. Syndrome simulating collagen disease 
caused by hydralazine (Apresoline). JAMA. 1954; 154:670-3. 


Condemi JJ, Moore-Jones D, Vaughan JH et al. Antinuclear antibodies 
following hydralazine toxicity. N Engl J Med. 1967; 276:486-91. 


267 


20. 


7 A 


28. 


29. 


aU), 


Sl 


De: 


ao. 


34. 


eh 


36. 


re 


38. 


a9. 


40. 


41. 


42. 


Carey RM, Coleman M, Feder A. Pericardial tamponade: a major 
presenting manifestation of hydralazine-induced lupus syndrome. Am J 
Med. 1973; 54:84-7. 

Finks SW, Finks AL, Self TH. Hydralazine-induced lupus: maintaining 
vigilance with increased use in patients with heart failure. South Med J. 
2006; 99:18-22. 

Quaresma MV, Brando de Oliveira F, Dias MFRG et al. Anti- TNF-alpha 
and hydralazine drug-induced lupus. An Bras Dermatol. 2015; 90:S125-9. 
Cannat A, Seligmann M. Possible induction of antinuclear antibodies by 
isoniazid. Lancet. 1966; 1:185. 

Rothfield NF, Bierer WG, Garfield JW. Isoniazid induction of antinuclear 
antibodies: a prospective study. Ann Intern Med. 1978; 88:650-2. 

Masel MA. A lupus-like reaction to anti-tuberculosis drugs. Med J Aust. 
1967; 2:738-40. 

Hothersall TE, Mowat AG, Duthie JJR et al. Drug-induced lupus 
syndrome: a case report implicating isoniazid. Scott Med J. 1968; 13:245- 
i 

Harrington TM, Davis DE. Systemic lupus-like syndrome induced by 
methyldopa therapy. Chest. 1981; 79:696-7. 

Dupont A, Six R. Lupus-like syndrome induced by methyldopa. BMJ. 
1982; 285:693-4. 

Skaer TL. Medication-induced systemic lupus erythematosus. Clin Ther. 
1992; 14:496-506. 

Quilty B, McHugh N. Lupus-like syndrome associated with the use of 
minocycline. Br J Rheumatol. 1995; 33:1197-8. 

Farver DK. Minocycline-induced lupus. Ann Pharmacother. 1997; 
31:1160-3. 

Shapiro LE, Knowles SR, Shear NH. Comparative safety of tetracycline, 
minocycline, and doxycycline. Arch Dermatol. 1997; 133:1224-30. 
Lawson TM, Amos N, Bulgen D et al. Minocycline-induced lupus: clinical 
features and response to rechallenge. Br Soc Rheumatol. 2001; 40:329-35. 
Gough A, Chapman S, Wagstaff K et al. Minocycline induced autoimmune 
hepatitis and systemic lupus-erythematosus-like syndrome. BMJ. 1996; 
312:169-73. 

Knights SE, Leandro MJ, Khamashta MA et al. Minocycline-related lupus 
arthritis. Clin Exp Rheumatol. 1998; 16:587-90. 

Matsuura T, Shimizu Y, Fijimoto H et al. Minocycline-related lupus. 
Lancet. 1992; 340:1553. 


268 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


oils 


52. 


ao) 


54. 


ee 


56. 


ne 


58. 


a 


Allston LL. Lupus-like syndrome from minocycline. Schoch Lett. 1984; 
34:29. 


Byrne PA, Williams BD, Pritchard MH. Minocycline-related lupus. Br J 
Rheumatol. 1994;33:674-6. 


Unoue CN, Konda Y, Suwabe N et al. Minocycline-related lupus in 
childhood. Eur J Pediatr. 1994; 153:540. 


Gordon PM, White MI, Herriot R et al. Minocycline-associated lupus 
erythematosus. Br J Dermatol. 1955; 132:120-1. 


Goldstein Ph, Deviere J, Cremer M. Acute hepatitis and drug-related lupus 
by minocycline treatment. Am J Gastroenterol. 1997; 92:143-6. 


Benjamin RW, Calkoglu AS. Hyperthyroidism and lupuslike syndrome in 
an adolescent treated with minocycline for acne vulgaris. Pediatr 
Dermatol. 2007; 24:246-9. 


Geddes R. Minocycline-induced lupus in adolescents: clinical 
implications for physical therapists. J Orthop Sports Phys Ther. 2007; 
37:65-71. 

Van Steensel MAM. Why minocycline can cause systemic lupus—a 
hypothesis and suggestions for therapeutic interventions based on it. Med 
Hypotheses. 2004; 63:3 1-4. 

Borchers AT, Keen CL, Gershwin ME. Drug-induced lupus. Ann NY Acad 
Sci. 2007; 1108:166-82. 

Blomgren SE, Condemi JJ, Vaughan JH. Procainamide-induced lupus 
erythematosus-clinical laboratory observations. Am J Med. 1972; 52:338- 
A8. 

Muna W, Osterman FA, Stevens MB et al. Procainamide-induced lupus. 
Johns Hopkins Med J. 1976 ;138:289-95. 


Ladd AT. Procainamide-induced lupus erythematosus. N Engl J Med. 
1962; 267:1357-8. 


Ghose MK. Pericardial tamponade: a presenting manifestation of 
procainamide induced lupus erythematosus. Am J Med. 1975; 58:581-5. 


Hope PR, Bates LA. The frequency of procainamide-induced systemic 
lupus erythematosus. Med J Aust. 1972; 2:298-303. 


Jackson C, Phillips PE. Procainamide-induced lupus with vasculitis. Clin 
Exp Rheumatol. 1986; 4:290-2. 


Fakhro AM, Ritchie RF, Lown B. Lupus-like syndrome induced by 
procainamide. Am J Cardiol. 1967; 20:367-73. 


Byrd RB, Schanzer B. Pulmonary sequelae in procainamide induced 
lupus-like syndrome. Dis Chest. 1969; 55:170-2. 


269 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


G7. 


68. 


69. 


70. 


fall 


fe 


aa: 


74. 


75. 


70: 


Anderson RJ, Genton E. Procainamide-induced pericardial effusion. Am 
Heart J. 1972; 83;798-800. 


Dubois EL. Procainamide induction of a systemic lupus erythematosus-like 
syndrome. Medicine (Baltimore). 1969; 48:217-28. 


Anastassiades TP, Milliken JA. Lupus-like syndrome, with persistent 
immunological abnormalities related to procainamide therapy. Can Med 
Assoc J. 1972; 107:312-5. 


West SG, McMahon M, Portanora JP Quinidine-induced lupus 
erythematosus. Ann Intern Med. 1984; 100:840-2. 


Kendall MJ, Hawkins CF. Quinidine-induced systemic lupus 
erythematosus. Postgrad Med J. 1970; 46:729-31. 


Anderson FP, Wanerfa GR. Drug-induced systemic lupus erythematosus 
due to quinidine. Conn Med. 1972; 36:84-5. 


Yudis M, Meehan JJ. Quinidine-induced lupus nephritis. JAMA. 1976; 
253:2000. 


McCormack GD, Barth WF. Quinidine-induced lupus syndrome. Semin 
Arthritis Rheum. 1985; 15:73-9. 


Cohen MG, Kevat S, Prowse MV, Ahern MI. Two distinct quinidine- 
induced rheumatic syndromes. Ann Intern Med. 1988; 108:369-71. 


Drory VE, Korczyn AD. Hypersensitivity vasculitis and systemic lupus 
erythematosus induced by anticonvulsants. Clin Neuropharmacol. 1993; 
16:19-29. 

Schmidt S, Welcker M, Schattenkirchner M. Carbamazepine-induced 
systemic lupus erythematosus. Br J Psychiatry. 1991; 161:560-1. 

Kanno T, Miyata M, Kazuta Y et al. Carbamazepine-induced systemic 
lupus erythematosus-like disease. Intern Med. 1992; 31:1303-5. 

Amerio P, Inocente C, Feliciani C et al. Drug-induced cutaneous lupus 
erythematosus after 5 years of treatment with carbamazepine. Eur J 
Dermatol. 2006; 16:281-3. 

Molina-Ruiz AM, Lasanta B, Barcia A et al. Drug induced systemic lupus 
erythematosus in a child after 3 years of treatment with carbamazepine. 
Austalas J Dermatol. 2017; 58:e20-2. 

Singsen BH, Fishman L, Hanson V. Antinuclear antibodies and lupus-like 
syndromes in children receiving anticonvulsants. Pediatrics. 1976; 
57:529-34. 

Beernink DH, Miller JJ II. Anticonvulsant induced antinuclear antibodies 
in lupus-like disease in children. J Pediatrics. 1973; 82:113-7. 

Ansell BM. Drug-induced systemic lupus erythematosus in a 9 year old 
boy. Lupus. 1993; 2:193-4. 


270 


fee 


78. 


ic? 


80. 


Si. 


82. 


83. 


84. 


oe 


86. 


87. 


88. 


89. 


90. 


v1, 


o2. 


oF: 
94. 


Sarzi-Puttin. P, Panni B, Cazzola M et al. Lamotrigine-induced lupus. 
Lupus. 2000; 9:555-7. 

Chang RS, Cole AJ. Lamotrigine-induced lupus-like syndrome: a case 
report and literature review. Am J Ther. 2014; 21:e85-7. 

Cabanillas M, Suarez-Amor O, Ramirez-Santos A et al Lamotrigine 
induced subacute cutaneous lupus erythematosus. Dermatol Online J. 
2012; 18:12. 

Bleck TP, Smith MC. Possible induction of systemic lupus erythematosus 
by valproate. Epilepsia. 1990; 31:343-5. 

Park-Matsumoto YC, Tazawa T. Valproate induced lupuslike syndrome. J 
Neurol Sci. 1996; 143:185-6. 

Araujo-Fernandez S, Ahijon-Lana M, Isenberg DA. Drug-induced lupus: 
Including anti-tumour necrosis factor and interferon induced. Lupus. 2014; 
23:545-53. 

Sarzi-Puttin P, Atzent F, Capsom F et al. Drug-induced lupus 
erythematosus. Autoimmunity. 2005; 38:507-18. 

Mei X, Li Y, Qui P et al. Anti-thyroid drug-induced lupus. A case report 
and review of the literature. Arch Endocrinol Metab. 2015; 60:290-3. 

Seo JY, Byun HJ, Cho KH et al. Methimazole-induced bullous systemic 
lupus erythematosus: a case report. J Korean Med Sci. 2012; 27:818-21. 
Aloush V, Litinsky I, Caspi D et al. Propylthiouracil-induced autoimmune 
syndromes: two distinct clinical presentations with different course and 
management. Semin Arthritis Rheum. 2006; 36:4-9. 

Tetikkurt C, Yuruyen M, Tetikkurt S et al. Propylthiouracil-induced lupus- 
like or vaculitis syndrome. Multidiscip Respir Med. 2012; 7:14. 

Record NB. Acebutolol-induced pleuropulmonary lupus syndrome. Ann 
Intern Med. 1981; 95:326-7. 

Fenniche S, Dhaoui A, Ammar FB et al. Acebutolol-induced subacute 
cutaneous lupus erythematosus. Skin Pharmacol Physiol. 2005; 18:230-3. 
Muta K, Kukami T, Nakajima M. A proposed mechanism for the effects of 
acebutolol: CES2 and CYP2C19-mediated metabolism and antinuclear 
antibody production. Biochem Pharmacol. 2015; 98:659-70. 

Sheikhzadeh A, Schafer U, Schnabet A. Drug-induced lupus erythematosus 
by amiodarone. Arch Intern Med. 2002; 162:834-6. 

Yachoui R, Saad W. Amiodarone-induced lupus-like syndrome. Am J Ther. 
2015; 22:e20-1. 


Rubin RL. Drug-induced lupus. Toxicology. 2005; 209:135-47. 


Crawson AN, Magro CM. Subacute cutaneous lupus erythematous arising 
in the setting of calcium-channel blockers therapy. Hum Pathol. 1997; 


271 


95. 


96. 


ee 


98. 


99. 


100. 


101. 


102. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


28:67-71. 


Kwong HL, Teo RY. An uncommon cutaneous reaction for a common drug. 
Diagnosis: drug-induced subacute lupus erythematosus (DI-SCLE). Ann 
Acad Med Singapore. 2014; 43:433-4. 

Sieber C, Grimm E, Follath F. Captopril and systemic lupus erythematosus 
syndrome. Br Med J. 1990; 301:669. 

Pelayo M, Vargas V, Gonzales A et al. Drug-induced lupus-like reaction 
with captopril. Ann Pharmacother. 1993; 27:1541-2. 

Heilmann G, Hien P. Clonidine therapy as cause of lupus erythematosus. 
Dtsh Med Wochenschr. 1994; 119:858-9. 

Leak D. Absence of cross-reaction between lisinopril and enalapril in 
drug-induced lupus. Ann Pharmacother. 1997; 31:1406-7. 

Goldman JA, Fishman AM, Lee JE, Johnson RJ. The role of cholesterol 
lowering agents in drug-induced rhabdomyolysis and polymyositis. 
Arthritis Rheum. 1989; 32:358-9. 

Fusella J, Strosberg JM. Polymyositis exacerbated by gemfibrozil. J 
Rheumatol. 1990; 17:572-3. 

Ahmed S. Lovastatin induced lupus erythematosus. Arch Intern Med. 
1991; 151:1667-8. 

Sridhar MK, Abdulla A. Fatal lupus-like syndrome and ARDS induced by 
fluvastatin. Lancet. 1998; 352:114. 

Moulis G, Bene J, Sommet A et al. Statin-induced lupus: a case/non-case 
study in a nationawide pharmacovigilance database. Lupus. 2012; 21:885- 
9. 

De Jong HJ, Tervaert JW, Saldi SR et al. Association between statin use 
and lupus-like syndrome using spontaneous reports. Semin Arthritis 
Rheum. 2011; 41:373-81. 

Darken M, McBurney E. Subacute cutaneous-like drug eruption due to 
combination diuretic hydrochlorothiazide and triamterene. J Am Acad 
Dennatol. 1988; 18:38-42. 

Goodrich A, Kohn S. Hydrochlorothiazide-induced lupus erythematosus: a 
new variant? J Am Acad Dermatol. 1993; 28:1001-2. 

Brown CW, Deng JS. Thiazide diuretics induce lupus-like adverse 
reaction. J Clin Toxicol. 1995; 33:729-33. 

Brown RC, Cooke J, Losowsky MS. SLE syndrome, probably induced by 
labetalol. Postgrad Med J. 1981; 57:189-90. 

Bensaid J, Aldigier JC, Gaulde N. SLE syndrome induced by pindolol. Br 
Med J. 1979; 1:1603-4. 


212 


ee 


1 


Lis. 


114. 


LS. 


116. 


1d es 


118. 


IT. 


120. 


I21, 


22, 


123, 


124. 


hd. 


126. 


|e 


Raferty EB, Denman AM. Systemic lupus erythematosus induced by 
practolol. Br Med J. 1973; 2:452. 


Marshall AJ, McGraw ME, Barritt DW. Positive antinuclear factor tests 
with prazosin. Br Med J. 1979; 1:165-6. 


Harrison T, Siscats J, Wood WH. Propranolol-induced lupus syndrome. 
Postgrad Med J. 1976;58:241-4. 


Chang C, Gershwin ME. Drug-induced lupus erythematosus: incidence, 
management and prevention. Drug Saf. 2011; 34:357-74. 


Speira RF, Berman RS, Werner AJ et al. Ticlopidine-induced lupus. Arch 
Intern Med. 2002; 162:2240-3. 


Uz E, Bavbek N, Turgut FH et al. Cefuroxime-induced lupus. J Natl Med 
Assoc. 2007; 99:1066-7. 


Mysler E, Paget SA, Kimberly R. Ciprofloxacin reactions mimicking lupus 
flares. Arthritis Rheum. 1994; 37:1112-3. 


Alexander S. Lupus erythematosus in two patients after griseofulvin 
treatment of Trichophyton rubrum infection. Br J Dermatol. 1962; 74:72- 
4. 


Bonilla-Felix M, Verani R, Vanasse LG et al. Nephrotic syndrome related 
to systemic lupus erythematosus after griseofulvin therapy. Pediatr 
Nephrol. 1995; 9:478-9. 


Blazes DL, Martin GJ. Drug-induced lupus erythematosus secondary to 
nafcillin: the first reported case. Rheumatol Int. 2004; 24:242-3. 


Black O, Lundgren R, Wiman L. Nitrofurantoin-induced pulmonary 
fibrosis and lupus syndrome. Lancet. 1974; 1:930. 


Selroos O, Edgren J. Lupus-like syndrome associated with pulmonary 
reaction to nitrofurantoin: report of three cases. Ada Med Scand. 1975; 
197:125-9, 

Gold S. Role of sulphonamides and penicillin in the pathogenesis of 
systemic lupus erythematosus. Lancet. 1951; 1:268-72. 

Anyimadu H, Saadia N, Mannheimer S. Drug-induced lupus associated 
with rifabutin: a literature review. J Int Assoc Provid AIDS Care. 2013; 
12:166-8. 

Popkhristov P, Kapnilov S. Streptomycin producing and aggravating lupus 
erythematosus. Vestn Dermatol Venereol. 1960; 34:10-5. 

Gunnarsson I, Kanerud L, Pettersson E et al. Predisposing factors in 
sulphasalazine-induced systemic lupus erythematosus. Br J Rheumatol. 
1997; 36:1089-94. 


Rafferty P, Yound A, Haeney M. Sulfasalazine-induced cerebral lupus 
erythematosus. Postgrad Med J. 1982; 58:98-9. 


273 


128. 


129, 


130. 


iS t. 


ie, 


133. 


134. 


135; 


136. 


IS. 


138. 


139, 


140. 


141. 


142. 


143. 


144. 


Cohen P, Gardner BH. Sulfonamide reactions in systemic lupus 
erythematosus. JAMA. 1966; 197:163-5. 

Callen JP, Hughes AP, Kulp-Shorten C. Subacute cutaneous lupus 
erythematosus induced or exacerbated by terbinaflne: a report of 5 cases. 
Arch Dermatol. 2001; 137:1196-8. 

Mancano MA. Patient with terbinafine-induced subactute cutaneous lupus 
erythematosus. Hosp Pharm. 2015; 50:13-7. 

Farhi D, Viguier M, Cosnes A et al. Terbinafine-induced subacute 
cutaneous lupus erythematosus. Dermatology. 2006; 212:59-65. 

Domz CA, McNamara DH, Holzapfel HF. Tetracycline provocation in LE. 
Ann Intern Med. 1959; 50:1217-726. 

Jose A, Cramer AK, Davar K, Guiterrez G. A case of drug-induced lupus 
erythematosus secondary to trimethoprim/sulfamethoxazole presenting 
with pleural effusions and pericardial tamponade. Lupus. 2017; 26:316-9. 
Hald A. Case of lupus erythematosus caused by chlorprothixene (Truxal). 
Ugeskr Laeger. 1964; 126:1112-4. 

Caramaschi P, Biasi D, Carletto A et al. Clobazam-induced lupus 
erythematosus. Clin Rheumatol. 1995; 14:116. 

Wickert WA, Campbell NR, Martin L. Acute severe adverse clozapine 
reaction resembling systemic lupus erythematosus. Postgrad Med J. 1994; 
70:940-1. 

Rami AF, Barkan D, Mevorach D et al. Clozapine-induced systemic lupus 
erythematosus. Ann Pharmacother. 2006; 40:983-5. 

Manzo C, Putignano S. Drug-induced lupus erythematosus associated with 
donepezil: a case report. Age Ageing. 2015; 44:1062-3. 

Presley AP, Kahn A, Williamson N. Antinuclear antibodies in patients on 
lithium carbonate. Br Med J. 1976; 2:280-1. 

Johnstone EC, Whaley K. Antinuclear antibodies in psychiatric illness: 
their relationship to diagnosis and treatment. Br Med J. 1975; 2:724-5. 
Hussain HM, Zakaria M. Drug-induced lupus secondary to sertraline. Aust 
NZJ Psychiatry. 2008; 42:1074-5. 

Spillane AP. Drug-induced lupus erythematosus in a patient treated with 
adalumimab. J Am Acad Dermatol. 2007; 56:S114-6. 

Amarante CF, Acedo LM, Rabay FM et al. Drug-induced lupus with 
leukocytoclastic vasculitis: a rare expression associated with adalimumab. 
An Bras Dermatol. 2015; 90:121-4. 

West ES, Nanda K, Ofodile O et al. Adalimumab-induced cutaneous lupus 


erythematosus in a 16-year-old girl with juvenile idiopathic arthritis. 
Pediatr Dermatol. 2015; 32:e140-4. 


274 


145. 


146. 


147. 


148. 
149. 


150. 


isi, 


i. 


153. 


154. 


| hice 


156. 


LST. 


158. 


[S9, 


Kelly D, O’Connell O, Henry M. Adalimumab-induced lupus serositis. 
BMJ Case Rep. 2015 Mar 4; 2015. 


Lowe GC, Henderson CL, Grau RH et al. A systematic review of drug- 
induced subacute cutaneous lupus erythematosus. Br J Dermatol. 2011; 
164:465-72. 


Ozaslan E, Eroglu E, Gok K et al. Drug induced lupus erythematous due to 
capecitabine and bevacizumab treatment presenting with prolonged 
thrombocytopenia. Rom J Intern Med. 2015; 53:282-5. 


Vasoo S. Drug-induced lupus: an update. Lupus. 2006; 15:757-61. 


Wiznia LE, Subtil A, Choi JN. Subacute cutaneous lupus erythematosus 
induced by chemotherapy: Gemcitabine as a causative agent. JAMA 
Dermatol. 2013; 149:1071-5. 


Stollberger C, Krutisch G, Finsterer J et al. Dabigatran-induced lupus 
temporaily preventing blood group determination. Blood Coagul 
Fibrinolysis. 2014; 25:625-7. 


Michalopoulos G, Vrakas S, Makris K et al. Systemic lupus erythematosus 
in Crohn’s disease: drug-induced or idiopathic? Ann Gastroenterol: 
Hellenic Society of Gastroenterology. 2015; 28:408-9. 


Wong NY, Parsons LM, Trotter MJ et al. Drug-induced subacute cutaneous 
lupus erythematosus associated with docetaxel chemotherapy: a case 
report. BMC Res Notes. 2014; 7:785. 


Chen JK, Chen TS, Lim P et al. Drug-induced subacute cutaneous lupus 
erythematosus associated with doxorubicin. J Am Acad Dermatol. 2012; 
67:e273-5. 

Chalmers A, Thompson D, Stein HE et al. Systemic lupus erythematosus 
during penicillamine therapy for rheumatoid arthritis. Ann Intern Med. 
1982; 97:659-63. 

Tsankov N, Lazarova A, Vasileva S et al. Lupus erythematosus-like 
eruption due to D-penicillamine in progressive systemic sclerosis. Jnt J 
Dermatol. 1990; 29:571-4. 

Walshe J. Penicillamine and the SLE syndrome. J Rheumatol. 1981; 
8:155-60. 

Enzenauer RJ, West SG, Rubin RL. D-Penicillamine-induced lupus 
erythematosus. Arthritis Rheum. 1990; 33;13S2-3. 

Chin GL, Kong NCT, Lee BC, Rose IM. Penicillamine induced lupus-like 
syndrome in a patient with classical rheumatoid arthritis. J Rheumatol. 
1991; 18:947-8. 

Oliver I, Liberman UA, DeVries A. Lupus-like syndrome induced by 
penicillamine in cystinuria. JAMA. 1972; 22:588. 


275 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


L67. 


168. 
169. 


1yu, 


iva 2 


ie 


173. 


174. 


less 


Harkcom TM, Conn DL, Holley KE. D-Penicillamine and _ lupus 
erythematosus-like syndrome. Ann Intern Med. 1978; 89:1012. 


Carroll DG, Cavanagh LE. Drug-induced lupus associated with synthetic 
conjugated estrogens. Ann Pharmacother. 2002; 41:702-6. 


Cairns AP, Duncan MKJ, Hinder AE et al. New onset of systemic lupus 
erythematosus in a patient receiving etanercept for rheumatoid arthritis. 
Ann Rheum Dis. 2002; 61:1031-2. 


Debandt M, Vittecogq O, Descamps V et al. Anti- TNF alpha systemic lupus 
syndrome. Clin Rheumatol. 2003; 22:56-61. 


DeBandt MD, Sibilia J, Le Loet X et al. Systemic lupus erythematosus 
induced by anti-tumour necrosis factor alpha therapy: a French national 
survey. Arthritis Res Ther. 2005; 7:R545-51. 


Haraoui B, Keystone E. Musculoskeletal manifestations and autoimmune 
diseases related to new biologic agents. Curr Opin Rheumatol. 2006; 
18:96-100. 


Cush JJ. Unusual toxicities with TNF inhibition: heart failure and drug- 
induced lupus. Clin Exp Rheumatol. 2004; 22:S141-7. 


Feldman M, Maini RN. Anti-TNF therapy of rheumatoid arthritis: what 
have we learned? Annu Rev Immunol. 2001; 19:163-96. 


Reid MB, Glode LM. Flutamide induced lupus. J Urol. 1998; 159:2098. 


Agmon-Levin N, Zafrir Y, Paz Z et al. Ten cases of systemic lupus 
erythematosus related to hepatitis B vaccine. Lupus. 2009; 18:1192-7. 


Layton AM, Cotterill JA, Tomlisson LW. Hydroxyurea-induced lupus 
erythematosus. Br J Dermatol. 1994; 130:687-8. 


Favalli EG, Sinigaglia L, Vaenna M, Arnoldi C. Drug-induced lupus 
following treatment with infliximab in rheumatoid arthritis. Lupus. 2002; 
11:753-5. 


Benucci M, Li Gobbi F, Fossi F et al. Drug-induced lupus alter treatment 
with infliximab in rheumatoid arthritis. J Clin Rheumatol. 2005; 11:47-9. 


Moulis G, Sommet A, Lapeyre-Mestre M et al. Is the risk of tumour 
necrosis factor inhibitor-induced lupus or lupus-like syndrome the same 
with monoclonal antibodies and soluble receptor? A case/non-case study 
in a nationwide pharmacovigilance database. Rheumatology (Oxford). 
2014; 53:1864-71. 


Thiebault H, Boyard-Lasselin P, Guignant C et al. Paradoxical articular 
manifestations in patients with inflammatory bowel diseases treated with 
infliximab. Eur J Gastrenterol Hepatol. 2016; 28:876-81. 

Lupu A, Tieranu C, Constantineescu CL et al. TNF-alpha inhibitor induced 
lupus-like symdrome (TAILS) in a patient with IBD. Curr Health Sci J. 


276 


176. 


lige 


178. 


179. 


180. 


181. 


182. 


183. 


184. 


185. 


186. 
187. 


188. 


189. 


190. 


2014; 40:285-8. 


Dang LJ, Lubel JS, Gunatheesan S et al. Drug-induced lupus and 
autoimmune hepatitis secondary to infliximab for psoriasis. Australas J 
Dermatol. 2014; 55:75-9. 


Ronnblom LE, Aim GV, Oberg KE. Possible induction of systemic lupus 
erythematosus by interferon-alpha in a patient with a malignant carcinoid 
tumour. J Intern Med. 1990; 227:207-10. 


Wand! UB, Nagel-Hiemke M, May D et al. Lupus-like autoimmune disease 
induced by interferon therapy for myeloproliferative disorders. Clin 
Immunol Immunopathol. 1992; 65:70-4. 


Reyes HA, Cativo EH, Sy AM. Drug-induced subacute cutaneous lupus 
erythematosus in a patient receiving therapy for chronic hepatitis. C Am J 
Ther. 2016; 23:e1965-7. 

Sladkova V, Mares J, Lubenova B et al. Drug-induced systemic lupus 
erythematosus in interferon beta-1b therapy. Neuro Endocrinol Lett. 2011; 
32:4-6. 

Buchanan S, Rosemergy I, Healy P. Drug-induced subacute cutaneous 
lupus erythematosus due to treatment with interferon beta-la. N Z Med J. 
2013; 126:98-101. 

Gonzalo JA, Cuende E, Alés-Martinez JE et al. Interleukin-2: a possible 
trigger ol autoimmunity. [nt Arch Allergy Immunol. 1992; 97:251-7. 
Kroemer G, Andreu JL, Gonzalo JA et al. Interleukin-2, autotolerance, and 
autoimmunity. Adv Immunol. 1991; 150:147-235. 


Crayton H, Bohlmann T, Suflt R et al. Drug-induced polymyositis 
secondary to leuprolide acetate (Lupron) therapy for prostate carcinoma. 
Clin Exp Rheumatol. 1991; 9:525-8. 

Dent MT, Ganapathy S, Holdsworth CD et al. Mesalamine induced-lupus 
like syndrome. Br Med J. 1992; 305:159. 


Schleicher E. LE cells after oral contraceptives. Lancet. 1968; 1:821-2. 


Bole GG, Friedlander MM, Smith CK. Rheumatic symptoms and 
serological abnormalities induced by oral contraceptives. Lancet. 1969; 
1:323-6. 

Spiera H, Plotz CM. Rheumatic symptoms and oral contraceptives. 
Lancet. 1969; 1:571-2. 

Elias PM. Erythema nodosum and_ serological systemic lupus 
erythematosus: simultaneous occurrence in a patient using oral 
contraceptives. Arch Dermatol. 1973; 108:716-8. 

Chapel TA, Burns RE. Oral contraceptives and exacerbation of lupus 
erythematosus. Am J Obstet Gynecol. 1971; 110:366-9. 


Zit 


leg B 


1¥2, 


193. 


194. 


135. 


196. 


iy, 


198. 


199. 


200. 


201. 


202. 


203. 


204. 


249, 


206. 


Travers RL, Hughes GRV. Oral contraceptive therapy and systemic lupus 
erythematosus. J Rheumatol. 1978; 5:448-51. 


Pimstone B. Systemic lupus erythematosus exacerbated by oral 
contraceptives. S' Afr J Obstet Gynecol. 1966; 4:62-3. 


Dubois EL, Strain L, Ehn M et al. LE cells after oral contraceptives. 
Lancet. 1968; 2:679. 


Garovich M, Agudelo C, Pisko E. Oral contraceptives and systemic lupus 
erythematosus. Arthritis Rheum. 1980; 23:1396-8. 


Farid N, Anderson J. SLE-like reaction to phenylbutazone therapy. Lancet. 
1971; 1:1022-3. 


Grayson MF, Martin VM, Markham RL. Antinative DNA antibodies as a 
reaction to pyrazole drugs. Ann Rheum Dis. 1975; 34:373-5. 


Sandholdt LH, Laurinaviciene R, Bygum A. Proton pump inhibitor-induced 
subacute cutaneous lupus erythematosus. Br J Dermatol. 2014; 170:342- 
oie 


Aggarwal N. Drug-induced subacute lupus erythematosus associated with 
proton pump inhibitors. Drugs—Real World Outcomes. 2016; 3:145-54. 


Hoffman BJ. Sensitivity to sulfadiazine resembling acute disseminated 
lupus erythematosus. Arch Dermatol Syphilol. 1945; 51:190-2. 


Marchetti MA, Noland MM, Dillon PM et al. Taxane associated subacute 
cutaneous lupus erythematosus. Dermatol Online J. 2013; 19:19259. 


Lamond NW, Younis T, Purdy K et al. Drug-induced subacute cutaneous 
lupus erythematosus associated with nab-paclitaxel therapy. Curr Oncol. 
2013; 20:e484-7. 


Gelfand MS, Yunus F, White FL. Bone marrow granulomas, fever, 
pancytopenia and lupus-like syndrome due to tocainide. South Med J. 
1994; 87:839-41. 

Araujo-Fernandez S, Ahijon-Lana M, Isenberg DA. Drug-induced lupus: 
Including anti-tumor necrosis factor and interferon induced. Lupus. 2014; 
23:545-53. 

Kauffman CL, Amin CO, Fredeking AE. Drug-induced lupus 
erythematosus—epidemiology. Elston DM, ed. Medscape. 
https://emedicine.medscape.con/article/1065086-overview#a6 (accessed 
2018 Jan 2). 

Helmick CG, Felson DT, Lawrence RC et al. Estimates of the prevalence 
of arthritis and other rheumatic conditions in the United States: Part I. 
Arthritis Rheum. 2008; 58:15-25. 

Atzent F, Marrazza MG, Sarzi-Puttin' P et al. Drug-induced lupus 
erythematosus. Reumatismo. 2003; 55:147-54. 


278 


207. 


208. 


209. 


210. 


FAUT 


ales 


213; 


214. 


valle 
216, 


al), 


eal. 


eA 


220. 


221, 


fae: 


Uetrecht JP, Woosley RL. Acetylators phenotype and SLE. Clin 
Pharmacokinet. 1981; 6:118-34. 

Batchelor JR, Welsh KI, Tinoco RM et al. Hydralazine-induced systemic 
lupus erythematosus: Influence of HLA-DR and sex on susceptibility. 
Lancet. 1980; 24:1107-9. 

Sim E, Gill EW. Drugs that induce systemic lupus erythematosus inhibit 
complement component C4. Lancet. 1984; 2:422-4. 

Uetrecht JP. Mechanism of drug-induced lupus. Chem Res Toxicol. 1988; 
1:133-43. 

Dunphy J, Oliver M, Rands AL et al. Antineutrophil cytoplasmic 
antibodies and HLA class II alleles in minocycline-induced lupus-like 
syndrome. Br J Dermatol. 2000; 142:461-7. 

Kretz-Rommel A, Rubin RL. Early cellular events in systemic 
autoimmunity driven by chromatin-reactive cells. Cell Immunol. 2001; 
208:125-36. 

Bluestein HG, Redelman D, Zvaifler NJ. Procainamide lymphocyte 
reactions: a possible explanation for drug-induced autoimmunity. Arthritis 
Rheum. 1981; 24:1019-23. 

Kretz-Rommel A, Rubin RL. Disruption of positive selection of 
thymocytes causes autoimmunity. Nat Med. 2000; 6:298-305. 


Datta SK. Positive selection for autoimmunity. Nat Med. 2000; 6:259-61. 
Kretz-Rommel A, Rubin RL. Persistence of autoreactive T cell drive is 


required to elicit anti-chromatin antibodies in a murine model of drug- 
induced lupus. J Immunol. 1999; 162:813-20. 


Via CS, Shustov A, Rus V et al. In vivo neutralization of TNF-alpha 
promotes humoral autoimmunity by preventing the induction of CTL. J 
Immunol. 2001; 167:6821-6. 

Cameron DJ, Erlanger BF. Nucleic acid-reactive antibodies of restricted 
heterogenicity. Jmmun Chem. 1976; 13:265-9. 

Eldredge NT, Robertson WVB, Miller JJ Il. The interaction of lupus- 
inducing drugs with deoxyribonucleic acid. Clin Immunol Immunopathol. 
1974; 3:263-71. 

Hughes GRV, Pynes RI, Gharavi A et al. The heterogenicity of serologic 
findings and predisposing host factors in drug-induced lupus 
erythematosus. Arthritis Rheum. 1987; 25:1070-3. 

Allan IM, Lunec J, Salmon M et al. Selective lymphocyte killing by lack of 
reactive oxygen species (ROS). Agents Actions. 1986; 19:351-2. 

Holers VM, Kotzin BL. Human peripheral blood monocytes display 
surface antigens recognized by monoclonal antinuclear antibodies. J Clin 


279 


224, 


224. 


ie, 


220, 


da). 


Jae. 


Zo, 


Zoi}, 


251, 


dies 


ree 


234. 


oD. 


236. 


a3). 


Invest. 1985; 76:991-8. 


Walport MJ. Complement: second of two parts. N Engl J Med. 2001; 
344:1140-4. 


Alarcon-Segovia D, Worthington JW, Ward JW et al. Lupus diathesis and 
the hydralazine syndrome. N Engl J Med. 1965; 272:462-6. 


Speirs C, Chapel H, Fielder AL et al. Complement system protein C4 and 
susceptibility to hydralazine-induced systemic lupus erythematosus. 
Lancet. 1989; 1:922-4. 


Antanov D, Kazandjieva J, Etugov D et al. Drug-induced lupus 
erythematosus. Clin Dermatol. 2004;22:157-166. 


McDonald E, Marino C. Procainamide-induced lupus in elderly. Hosp 
Pract (Off Ed). 1993; 28:95-8. 


Auerbach RC, Snyder NE, Bragg DG. The chest roentgenographic 
manifestations of pronestyl-induced lupus erythematosus. Radiology. 
1973; 109:287-90. 


Alloway JA, Salata MP. Quinidine-induced rheumatic syndromes. Semin 
Arthritis Rheum. 1995; 24:315-22. 


Peterson LL. MHydralazine-induced systemic lupus erythematosus 
presenting as pyoderma gangrenosum-like ulcers. J Am Acad Dermatol. 
1984; 10:379-84. 


Solinger AM. Drug related lupus-clinical and etiologic considerations. 
Rheum Dis Clin North Am. 1988; 14:187-202. 


Uetrecht J. Drug metabolism by leukocytes and its role in drug-induced 
lupus and other idiosyncratic drug reactions. Crit Rev Toxicol. 1990; 
3:137-66. 

Burlingame RW, Rubin RL. Drug-induced anti-histone antibodies display 
two patterns of reactivity with substructures of chromatin. J Clin Invest. 
1991; 88:680-90. 

Portanova JP, Arndt RE, Tan EM et al. Anti-histone antibodies in 
idiopathic and drug-induced lupus recognize distinct intrahistone regions. 
J Immunol. 1987; 138:446-51. 

McNeil HP, Chesterman CN, Krilis SA. Immunology and clinical 
importance of antiphospholipid antibodies. Adv Immunol. 1991; 49:193- 
280. 

Derksen RHWM, Kater L. Lupus anticoagulant: revival of an old 
phenomenon. Clin Exp Rheumatol. 1985; 3:349-57. 

Rubin RL. Complement-fixing properties of antinuclear antibodies 


distinguish drug-induced lupus from systemic lupus erythematosus. Lupus. 
2004; 13:249-56. 


280 


258. 


259; 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


249. 


Zoi), 


Weinstein A, Bordwell B, Rothfield N. Antinative DNA antibodies and 
serum C3 levels-candidates for the ARA preliminary criteria for the 
classification of systemic lupus erythematosus. Arthritis Rheum. 1978; 
21:602. 


Utsinger PD, Zvaifler NJ, Bluestein RM. Hypocomplementemia in 
procainamide-associated systemic lupus erythematosus. Ann Intern Med. 
1976; 84:293. 


Sherman JD, Love DE, Harrington JF. Anemia, positive lupus and 
rheumatoid factors with methyldopa. a report of 3 cases. Arch Intern Med. 
1967; 120:321-6. 


Breckenridge A, Dollery CT, Worlledge SM et al. Positive direct Coombs 
tests and antinuclear factor in patients treated with methyldopa. Lancet. 
1967; 2:1265-7. 


Perry HM Jr. Chaplin H Jr, Carmody S et al. Immunological findings in 
patients receiving methyldopa—a prospective study. J Lab Clin Med. 
1971; 78:905-17. 


Hahn BH, Charpe GC, Irvin WS et al. Immune responses to hydralazine 
and nuclear antigens in hydralazine-induced lupus erythematosus. Ann 
Intern Med. 1972; 76:365-74. 


Weinstein J. Hypocomplementemia in hydralazine-associated lupus 
erythematosus. Clin Res. 1976; 24:306A. 


Zarrabi MH, Zucker S, Miller F et al. Immunologic and coagulation 
disorders in chlorpromazine-treated patients. Ann Intern Med. 91; 
1979:194-9. 


Alarcon-Segovia D, Wakim KG, Worthington JW et al. Clinical and 
experimental studies on the hydralazine syndrome and its relationship to 
systemic lupus erythematosus. Medicine (Baltimore). 1967; 46:1-33. 


Shaenk Z, Mendel JR, Rossio JL et al. Polyradiculoneuropathy 
accompanying procainamide-induced lupus erythematosus and evidence 
for drug-induced enhanced sensitization to peripheral nerve myelin. Ann 
Neurol. 1977; 1:378-84. 

Dammin GJ, Nora JR, Reardan JB. Hydralazine reaction: case with LE 
cells antemortem and postmortem, and pulmonary, renal, splenic, and 
muscular lesions of disseminated lupus erythematosus. J Lab Clin Med. 
1955; 46:806. 

Bendersky G, Ramirez C. Hydralazine positioning. JAMA. 1960; 
173:1789-94. 

Whittingham S, Mackay IR. Systemic lupus erythematosus induced by 
procainamide. Aust Ann Med. 1970; 19:358-61. 


281 


Z|. 


pes 


Loe; 


254. 


fies 


250: 


tae 


258. 


2a 


260. 


261. 


262. 


202 


264. 


265. 


266. 


207. 


Whittle TS, Ainsworth SK. Procainamide-induced systemic lupus 
erythematosus-renal involvement with deposition of immune complexes. 
Arch Pathol Lab Med. 1976; 100:469-74. 

Rallison ML, Carlisle JW, Lee RE Jr et al. Lupus erythematosus and the 
Stevens-Johnson syndrome: occurrence as reactions to anticonvulsant 
medication. Am J Dis Child. 1961; 101:725-38. 

Stokes MB Foster K, Markowitz GS et al. Development of 
glomerulonephritis during anti-TNF alpha therapy for rheumatoid arthritis. 
Nephrol Dial Transplant. 2005; 20:1400-6. 

Hess EV. Introduction to drug-induced lupus. Arthritis Rheum. 1981; 24:6- 
9. 

Harmon CE, Portanova JP. Drug-induced lupus-clinical and serological 
studies. Clin Rheum Dis. 1982; 8:121-35. 

Hess EV, Mongrey AB. Drug-induced lupus: the same or different from 
idiopathic disease? In: Lahita RG, ed. Systemic Lupus Erythematosus. 
New York: Churchill-Livingstone; 1992: 893-904. 

Rich MW. Drug-induced lupus. Postgrad Med. 1996; 100:299-308. 


Stratton MA. Drug-induced systemic lupus erythematosus. Clin Pharm. 
1985; 4:657-63. 

Kale SA. Drug-induced lupus erythematosus-differentiating it from the real 
thing. Postgrad Med. 1985; 77:231-5. 

Noel B. Lupus erythematosus and other autoimmune diseases related to 
statin therapy: a systematic review. J Eur Acad Dennatol Venereol. 2007; 
21:17-24. 

Srivastava M, Rencic A, Diglio G et al. Drug-induced, Ro/SSA-positive 
cutaneous lupus erythematosus. Arch Dermatol. 2003; 139:45-9. 

Ansell BM. Drug-induced systemic lupus erythematosus in childhood. 
Lupus. 1993; 2:139-40. 

Callen JP. Drug-induced subacute cutaneous lupus erythematosus. Lupus. 
2010; 19:1107-11. 

Jacobs JC. Drug-induced lupus. In: Pediatric Rheumatology for the 
Practitioner. New York: Springer-Verlag; 1982:365-7. 

Mansilla-Tinoco R, Harland SJ, Ran PJ. Hydralazine, antinuclear 
antibodies and the lupus syndrome. Br Med J. 1982; 284:936-9. 

Krohn K, Bennett R. Drug-induced autoimmune disorders. /mmunol 
Allergy Clin North Am. 1998; 18:897-911. 

Rider V, Abdou NI. Gender differences 1n autoimmunity: molecular basis 


for estrogen effects in systemic lupus’ erythematosus. Jnt 
Immunopharmacol. 2001; 1:1009-24. 


282 


268. 


207, 


270. 


21 1. 


Zid, 


213: 


274. 


Zio; 


Hildreth EA, Biro CE, McCreary TA. Persistence of the “hydralazine 
syndrome”’—a follow-up study of eleven cases. JAMA. 1960; 173:657-60. 


Perry HM Jr, Tan EM, Carmody S et al. Relationship of acetyl transferase 
activity to antinuclear antibodies and toxic symptoms in hypertensive 
patients treated with hydralazine. J Lab Clin Med. 1970; 76:114-25. 


Woosley RL, Drayer DE, Reidenberg MM et al. Effect of acetylator 
phenotype on the rate at which procainamide induces antinuclear 
antibodies and the lupus syndrome. N Engl J Med. 1978; 298:1157-9. 


Morris RJ, Freed CR, Kohler PF. Drug acetylation phenotype unrelated to 
development of spontaneous systemic lupus erythematosus. Arthritis 
Rheum. 1978; 21;192-5. 


National Institutes of Health (NIH); National Institute of Arthritis and 
Musculoskeletal and Skin Diseases. Lupus: A patient care guide for 
nurses and other health professionals. 3rd ed. Bethesda, MD: NIH; 2006. 


Bertsias G, Ioannidis JP, Boletis J et al. EULAR recommendations for the 
management of systemic lupus erythematosus. Report of a Task Force of 
the EULAR Standing Committee for International Clinical Studies 
Including Therapeutics. Ann Rheum Dis. 2008; 67:195-205. 

Mosca M, Tani C, Aringer M et al. European League Against Rheumatism 
recommendations for monitoring patients with systemic lupus 
erythematosus in clinical practice and in observational studies. Ann 
Rheum Dis. 2010; 69:1269-74. 

Yazdany J, Panopalis P, Gillis JZ et al. A quality indicator set for systemic 
lupus erythematosus. Arthritis Rheum. 2009; 61:370-7. 


283 





\ 






CHAPTER 8 


Photosensitivity 


Julie M. Koehler 


Drug-induced photosensitivity 1s a term used to describe an undesirable 
pharmacologic reaction to ultraviolet radiation (UVR), which is categorized as 
either ultraviolet A (UVA) or ultraviolet B (UVB).!? Although UVB radiation 
causes erythema, UVA radiation is largely responsible for tanning, photoaging, and 
drug-induced photosensitivity.t Drug-induced photosensitivity reactions are quite 
common today as a result of an increased number of photosensitizing chemicals 
found in many drug products.! Drug-induced photosensitivity reactions are typically 
classified as either phototoxic or photoallergic. 


CAUSATIVE AGENTS 


Several drugs and drug classes, including both systemic drugs and topically applied 
compounds, have been implicated in causing clinically significant photosensitivity 
reactions (Table 8-1).>-°°8 Drug classes that have been reported to cause phototoxic 
reactions include, but are not limited to, nonsteroidal anti-inflammatory drugs 
(NSAIDs), tetracyclines, sulfonamides, fluoroquinolones, phenothiazines, and 
diuretics.7>/! Drug classes that may cause photoallergic reactions include, but are 
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not limited to, tetracyclines, sulfonamides, diuretics, phenothiazines, and 
antihistamines.*©?7! Furthermore, many of the drugs within these classes have been 
linked to the development of both types of photosensitivity (1.e., phototoxic and 
photoallergic) reactions. 


EPIDEMIOLOGY 


Although there are many case reports describing drug-induced photosensitivity 
reactions, it is challenging to estimate the true incidence of such reactions, given the 
difficulty in distinguishing between sunburn and a mild drug-induced 
photosensitivity reaction and the resultant potential for bias or inaccuracy in 
reporting. This is further confounded by patients’ ability to control the occurrence 
of photosensitivity reactions by taking protective action against sunlight 
exposure.°”” Although the exact incidence of drug-induced photosensitivity in the 
general population has not been defined, results from a retrospective review froma 
skin-treatment referral center in Singapore indicated that 11.3% of all cases of 
photodermatoses were the result of drug-induced photosensitivity.*’” A more recent 
review by Dawe et al. reports an incidence of drug-induced photosensitivity 
ranging between 2% and 15% in patients who were referred to tertiary 
photodermatology centers.*”* In general, drug-induced phototoxic reactions occur 
more commonly than photoallergic reactions, and phototoxic reactions may occur in 
almost any person who receives a sufficiently high dose of the offending agent 
coupled with enough exposure to UVR.*4°> The occurrence of drug-induced 
phototoxicity reactions are, therefore, dependent on the concentration (or amount) 
of the sensitizing agent (drug) and the amount of light exposure. The recorded 
incidence, where known, of photosensitivity associated with the administration of 
specific drugs is included in Table 8-1.*-3°8 


Table 8-1 Agents Implicated in Drug-Induced Photosensitivity>” 
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Level of 
Drug Incidence Evidence* 
Acetazolamide6 C 
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Chlorthalidone57 
Chrysanthemum58-63 
Ciprofloxacin3,64-67 
Clioquinol68 
Clofazimine69 
Clomipramine70 
Clopidogrel71 
Clozapine72 

Coal tar73-75 
Cobimetinib76 
Crizotinib77 
Cyclobenzaprine78 
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Dichlorphenamide90 
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Epirubicin112 
Estrogen—progestin 113-116 
Ethionamide 117 
Felodipine 118 
Fenofibrate 119,120 
Flucytosine 121 
Fluorouracill22,123 
Fluoxetine 124 
Fluphenazine 125 
Flutamide 126-131 
Fluvastatin132 
Fosinopril3 
Furosemide 132-135 
Ganciclovir 136 
Gemifloxacin137 
Glimepiride3 

Glipizide 138 
Glyburide 139,140 
Gotu kola141 
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Haloperidoll 46 
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Hydroxyurea 155 
Ibuprofen156,157 
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Itraconazole 167 
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Ketoconazole 168 
Ketoprofen3,169-177 
Leflunomide 178 
Lemon 01132 
Levofloxacin179 

Lime 01134 

Lisinopril3 
Lomefloxacin1 80-182 
Loratadine 183 
Losartan184 
Lovastatin3 
Maprotiline3,185 
MequinoL tretinoin 1 86,187 
Methazolamide3 
Methotrexate 188-197 
Methoxsalen198 
Methyclothiazide 199 
Methyldopa200 
Methylene blue201,202 
Minocycline3,105,203,204 
Mirtazapine205 
Mitomycin C206 


Moexipril207 





Moxifloxacin208,209 
Nabumetone3,210 
Nalidixic acid211-221 
Naproxen222-226 
Nifedipine3,227,228 


Norfloxacin229 





Nortriptyline230 
Ofloxacin3,231,232 
Olanzapine3,233 
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Oxaprozin234 
Paclitaxel235,236 
Panitumumab237 
Pantoprazole238,239 
Paroxetine3,240 
Peginterferon a-2b241 
Pentostatin3 242 
Pirfenidone243 
Phenelzine244 
Piroxicam3,245-250 
Porfimer3,251-258 
Promethazine2 19,259 
Protriptyline260 
Pyrazinamide3,119,261-262 
Pyridoxine 15,263-267 
Pyrimethamine268 
Quinethazone51 
Quinidine269-276 
Quinine277-282 
Ramuipril283 
Ranitidine284,285 
Risperidone286 
Ritonavir287 
Saquinavir288,289 
Selegiline290 
Sertraline3,291 
Simeprevir292 
Shitake mushroom293 
Simvastatin294,295 
Sotalol296 
Sparfloxacin297-302 


Spironolactone303 
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St. John’s wort304-316 
Sulfadiazine3 17 
Sulfamethoxazole—trimethoprim3 18 
Sulfisoxazole3 19,320 
Sulindac3 
Tacrolimus3,32 1,322 
Tazarotene323 
Terbinafine324 
Tetracycline325-328 
Thioridazine3,329,330 
Tigecycline331 
Tolazamide332 
Tolbutamide333 
Torsemide334 
Trandolapril335 
Trazodone336 
Triamterene337,338 
Trimethoprim339 
Trimipramine340 
Tretinoin341 ,342 
Valacyclovir343 
Valproic acid344 
Valsartan345 
Vandetanib346,347 
Vemurafenib348-351 
Venlafaxine3 352 
Verteporfin3,353-356 
Vinblastine357 
Voriconazole358-367 
Zaleplon368 
Zolpidem3 


NK = not known. 
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aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence reported is for topical gel only. 


cIncidence varies according to type of cancer being treated. 


dIncidence reported is for topical foam only. 


MECHANISMS 


Photosensitivity reactions can be classified according to the underlying mechanism 
or pathogenesis of the reaction. Specifically, photosensitivity reactions are the 
result of either phototoxicity or photoallergy. Phototoxic reactions represent the 
most common form, and photoallergic reactions are generally uncommon. 


Phototoxic reactions are a type of nonimmunologic reaction. During phototoxic 
reactions, the drug, after ingestion or topical application, is believed to potentiate 
solar energy by acting as a chromophore (1.e., a chemical group that absorbs light at 
a specific frequency and imparts color to a molecule), causing absorption of 
ultraviolet (UV) light and yielding damage to skin tissues, including molecular and 
cellular damage as well as potential generation of reactive oxygen species.! In 
contrast to photoallergic reactions, drug-induced phototoxic reactions typically 
occur on first exposure to the drug and are often dose-related.!*7”> Figure 8-1 
illustrates the underlying mechanism of drug-induced _ phototoxic 


reactions 420937 1:374 
Ultraviolet 
Radiation 
Phototoxin Reactive 
(Drug/Chromophore) ———> Excited State ———-> Oxygen ————~» Tissue Damage 
Energy Energy Intermediates 
Absorption Transfer 


FIGURE 8-1 Mechanism of Drug-Induced Phototoxicity>”! 


Unlike phototoxic reactions, drug-induced photoallergic reactions are the result 
of an immunologic response. The proposed mechanism of photoallergic reactions 1s 
that of a type IV cell-mediated hypersensitivity response (1.e., a delayed reaction, 
mediated by T cells rather than by antibodies, as opposed to a type I reaction, 
which involves IgE-mediated histamine release from mast cells and basophils; a 
type II reaction, which involves IgG or IgM antibodies bound to cell surface 
antigens; or a type III reaction, which involves deposition of circulating antigen- 
antibody immune complexes).!%>”4 Specifically, it is postulated that when UV 
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light reacts with either the drug or the drug’s metabolites in the skin, a structural 
change in the drug occurs such that it behaves as a hapten (i.e., a small, separable 
part of an antigen that reacts with an antibody and is only capable of antibody 
production when combined with a carrier protein), which then combines with 
proteins in the skin (a tissue antigen) to form a hapten-protein complex (complete 
antigen).!>’4 On subsequent exposure to the drug, a hypersensitivity (photoallergic) 
response is elicited. Once the patient is “sensitized” to the drug, subsequently only 
minimal amounts of drug exposure are required to produce a photoallergic 
reaction.! In general, photoallergic reactions occurring in sensitized patients are not 
dose-dependent.” Because photoallergic reactions involve the immune system, there 
is typically a delay between the time of drug exposure and the onset of the skin 
eruption.! Figure 8-2 illustrates the underlying mechanisms of drug-induced 


photoallergic reactions.°’!7”4 
Subsequent 
Ultraviolet Protein Drug 
Radiation (tissue antigen) Exposure 
. Hapten-Protein 

Photoallergen Excited Complex | Hypersensitivity 
(drug or drug's Photoallergen (complete Response 
metabolites) (hapten) , ™ 


antigen) 


FIGURE 8-2 Mechanism of Drug-Induced Photoallergy*’! 


Although the general underlying mechanisms of drug-induced photoallergy and 
phototoxicity are well-described in the literature, information regarding the exact 
mechanisms of photosensitivity associated with specific drug classes and 
individual agents are not as well understood. Table 8-2 summarizes possible 
underlying mechanisms of drug-induced photosensitivity reactions for selected 
agents. 


Table 8-2 Mechanisms of Drug-Induced Photosensitivity 


Drug Classes Mechanism(s) 
Diuretics Dissociation of chlorine substituent on ultraviolet light exposure, 
causing free radical formation? /? 
Nonsteroidal anti-inflammatory drugs Decarboxylation reaction on ultraviolet light exposure, causing 
free radical formation? /0371,375 
Phenothiazines Dissociation of chlorine substituent on ultraviolet light exposure, 
370 


causing free radical formation 


Complement, proteases and histamine may also play a role /1 
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Photosensitizing agents Free radical formation on ultraviolet light exposure 


Psoralens Possible alteration of DNA synthesis and direct inflammatory 
effect, leading to increased melanin production and an 
erythemogenic effect?! 

Tetracyclines Oxidative reaction on ultraviolet light exposure, causing free 


radical formation 


Polymorphonuclear cells and complement may also serve as 


inflammatory me diators?/! 





DNA = deoxyribonucleic acid. 


DIURETICS AND PHENOTHIAZINES 


Diuretics such as hydrochlorothiazide, chlorthalidone, and furosemide and 
phenothiazines such as chlorpromazine and promethazine contain chlorine 
substituents within their chemical structures. It has been postulated that UV light 
exposure causes dissociation of the chlorine substituents, which is believed to lead 


to free radical formation, producing a photosensitivity reaction.*’? Complement, 
proteases, and histamine may also play a role in phenothiazine-induced 


phototoxicity, however, suggesting a nonoxidative mechanism.*7! 


NSAIDs 


Many NSAIDs have been reported to cause photosensitivity reactions. Within the 
NSAID class, drugs such as ketoprofen, naproxen, and nabumetone, which contain a 


2-aryl propionic acid group, are thought to be the most photoactive.*”?”!?” It is 
believed that a decarboxylation reaction occurs on exposure to UV light, resulting 
in free radical formation and a subsequent photosensitivity reaction. NSAIDs 
lacking the 2-aryl propionic acid group, such as ibuprofen, have also been reported 


to cause photosensitivity, however, via a less well-understood mechanism.>”?>7> 


ANTIBACTERIALS 


Many antibacterial agents are known to elicit a high degree of photosensitivity. 
Tetracyclines, fluoroquinolones, and sulfonamides are among the classes that are 


most commonly implicated.*”*”” Within the tetracycline class in particular, 


oxidative reactions involving free radical formation are believed to play a role.?”! 
Polymorphonuclear cells and complement have also been identified as potential 
inflammatory mediators involved in the mechanism of tetracycline-induced 


photosensitivity.>”! 


PSORALENS 
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Psoralen derivatives, such as methoxsalen, represent a unique class of drugs in that 
their inherent photosensitizing mechanism is used therapeutically in combination 
with controlled UV light exposure to produce a melanogenic effect for the treatment 
of disorders such as idiopathic vitiligo.*”! Thus, the photosensitizing potential of 
such agents is a known and, for the most part, intended effect. Methoxsalen, when 
activated by UVA light, becomes highly erythemogenic and melanogenic. Although 
the precise mechanism by which these agents induce phototoxic reactions is not 
completely known, it is believed that psoralen-induced phototoxicity involves 
nonoxygen-dependent pathways and may be linked most closely to the alteration of 
deoxyribonucleic acid (DNA) synthesis and direct induction of an inflammatory 
skin reaction to enhance melanin formation.*”! 


PHOTOSENSITIZING AGENTS 


Porfimer (indicated for palliative treatment in esophageal cancer, for 
endobronchial non-small cell lung cancer, and for high-grade Barrett esophageal 
dysplasia) and verteporfin (used for neovascularization associated with age-related 
macular degeneration, pathologic myopia, or presumed ocular histoplasmosis) 
represent drugs that are used therapeutically because of their known 
photosensitizing properties. Both of these agents are used in photodynamic therapy 
for which UV light exposure is required for pharmacologic activation. On exposure 
to UV light, these photosensitizers become activated in the presence of oxygen, and 
free radicals are generated, enhancing the potential for phototoxicity.*”! 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Classic signs and symptoms associated with drug-induced photosensitivity are 
listed in Table 8-3.°°° Symptoms of drug-induced photosensitivity reactions are 
very similar to those of a sunburn. Typical photosensitivity reactions may result in 
the development of erythema, edema, and papules, and in severe cases, may also 
progress to the development of plaque-like urticarial lesions and possible vesicle 
formation.!*©? When differentiating between photosensitivity and other types of 
skin eruptions, clinicians should note that photosensitivity eruptions classically 
manifest on areas of the skin that are most routinely exposed to sunlight (e.g., nose, 
cheeks, tops of the ears, neck, forearms, backs of the hands), !6? In general, sharp 
lines of demarcation between sunlight-exposed and uninvolved skin are noted.>” In 
some cases, however, skin eruptions can appear on areas of the skin that receive 
little to no sun exposure and may be generalized over the entire body. In general, 
while differentiation between drug-induced photosensitivity and other adverse skin 
reactions to sunlight may be somewhat challenging (Table 8-4), differentiation 
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between cases of drug-induced phototoxicity and photoallergy can also be difficult, 
given that many drugs have been implicated in causing both types of reactions.7>7! 
Differences between the characteristics of phototoxic and photoallergic reactions 
are highlighted in Table 8-5.2°”! Examples of the clinical appearance of drug- 
induced phototoxic and photoallergic reactions are presented in Figure 8-3. 


Table 8-3 Signs and Symptoms Associated with Drug-Induced 





Photosensitivity> ©? 
* Edema 
¢ Erythema 


¢ Erythroderma 
* Hyperpigmentation 
« Pain 

* Papules 

* Petechiae 

* Pruritus 

* Scaly patches 
* Scarring 

* Swelling 

* Vesicles 

¢ Wheals 


Table 8-4 Conditions to Consider in the Differential Diagnosis of 
Drug-Induced Photosensitivity> ©? 


* Actinic prurigo 

* Allergic contact dermatitis 

* Epidermolysis bullosa 

* Epidermolysis bullosa acquisita 

* Erythropoietic protoporphyria 

¢ Hydroa vacciniforme 

¢ Irritant contact dermatitis 

¢ Lichen planus 

¢ Plant-induced photosensitivity reaction (phytophotodermatitis) 
* Polymorphic light eruption 

¢ Solar urticaria 

¢ Sunburn 

¢ Systemic lupus erythematosus (subacute cutaneous lupus erythematosus) 





Cases of drug-induced phototoxic reactions are associated with a much more 
rapid onset (e.g., within 30 minutes to several hours after exposure to UV light) 
than those of drug-induced photoallergy.” In general, phototoxic reactions are less 
severe than photoallergic reactions and resemble an exaggerated sunburn.’ 
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Phototoxic reactions are associated with erythema and pain, and occasionally may 
progress to blistering and vesicle formation.*© Within several days of the onset of 
the reaction, the damaged skin may begin to desquamate (i.e., peel off in scales).°© 


Table 8-5 Differentiating Characteristics of Phototoxicity and 

















Photoallergy~»>/! 

Characteristic Phototoxicity Photoallergy 
Frequency of occurrence Uncommon 
Mesias Noninmne-msdated——_[inmune-nedte 


Onset after exposure to drug and 
sunlight 


Distribution 
Potential for pigmentary changes 
Dose-dependency 


Potential for cross reactivity 


Potential for persistent light reaction 
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FIGURE 8-3 Drug-Induced Phototoxicity and Photoallergy 


The photo on the left depicts a case of drug-induced phototoxicity secondary to demethylchlortetracycline use 
for treatment of acne. The woman was wearing a hat that protected her face and neck from sunlight exposure, 
but her hands were exposed to sunlight while holding a railing at a sporting event. The photo on the right depicts 
a case of drug-induced photoallergy secondary to trimethoprim—sulfamethoxazole use for Pneumocystis jiroveci 
pneumonia prophylaxis. Eczema and hyperpigmentation of the sun-exposed areas are noted. Photos reprinted 
with permission from Wolff K, Johnson RA, Suurmond D. Fitzpatrick s Color Atlas and Synopsis of Clinical 
Dermatology: Common and Serious Diseases. Sth ed. New York, NY: McGraw-Hill; 2005:226-69. (See color 
section. ) 
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In some cases, epidermal thickening, elastosis, telangiectasia, and pigmentary 
changes (hyperpigmentation or hypopigmentation) may occur in association with 
phototoxic reactions.! Pigmentary changes occur commonly (4-9%) as a 
manifestation of photosensitivity in patients receiving long-term, high-dose 
amiodarone therapy.*/!3/°8! Specifically, a blue-gray discoloration commonly 
develops on areas of the skin that are subjected to unprotected light exposure 


because of the deposition of amiodarone and its metabolites within the 
dermis 27127470281 


The skin damage that occurs in phototoxic reactions is typically confined to 
areas of exposed skin only. However, occasionally the nails may also be affected. 
This phototoxic effect is a well-known phenomenon known as photo-onycholysis 
(i.e., separation of the nail from the distal nailbed in conjunction with sun exposure 
and simultaneous drug use).7*°°? Histologically, dermal edema (swelling of the 
skin), dyskeratosis (aberrant development of the epidermis with abnormal 
keratinization), and keratinocytic necrosis (injury to keratinocytes, the predominant 
cell in the epidermis) may be observed.*? 


Cases of drug-induced photoallergic reactions are typically associated with an 
onset ranging from 24 to 48 hours to up to 14 days after initial exposure to the sun. 
The initial eruption is usually described as a papulovesicular, intensely pruritic, 
eczematous dermatitis.°© In some cases, the rash may involve lichenoid, urticarial, 
bullous, or purpuric lesions. Histopathologic findings in cases of drug-induced 
photoallergy are typically similar to those found in cases of contact dermatitis.! In 
general, photoallergic reactions involve only areas directly exposed to the sun, but 
in severe cases, these reactions may also affect areas that are normally protected 
from UV light. It is important to note that after discontinuation of therapy with the 
offending agent, the clinical effects of drug-induced photoallergy may persist for 
some time. Over time, the eruptions may even become hyperpigmented or 
hypopigmented.*7! 

If the diagnosis of a drug-induced photoreaction remains uncertain after 
obtaining a thorough history and conducting a full skin exam, photopatch testing may 
be useful and may further aid in the identification of the offending agent. During 
photopatch testing, template test sites are exposed to increasing doses of UVA while 
the patient is taking the suspected drug.**’ In patients with a phototoxicity or 
photoallergy secondary to a drug, the UVA minimal erythema dose (MED, or the 
minimum UVA dose that produces a clearly marginated erythema in the irradiated 
site 24 hours after a single exposure) is significantly lower than the MED for a 
normal individual of the same skin type. Once the drug is excreted and eliminated 
from the skin, repeat UVA photopatch testing yields an increase in the MED 
result.>°2 
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RISK FACTORS 

Several risk factors may increase a person’s susceptibility to drug-induced 
photosensitivity reactions (Table 8-6).2°°??7!3/4 For any patient who is taking a 
known photosensitizing agent, use of sunscreens and protective clothing 1s 
warranted to minimize the risk of a photosensitivity reaction. It should be noted, 
however, that occasionally sunscreens themselves can act as photosensitizing 
agents. Sunscreens containing para-aminobenzoic acid (PABA) contain a sulfa 
moiety, which may aggravate photodermatitis in sensitized individuals. Although 
PABA-based sunscreens became widely available in the 1970s, the use of PABA as 
an ingredient in sunscreens today is much less common, and the majority of 
commercially available products are promoted as “PABA-free.” Padimate O (also 
known as octyl dimethyl-PABA) is a PABA ester that is chemically similar to 
PABA but is not as irritating and today can be found in some sunscreen products, 
including lip balms. In general, sunscreens containing PABA or PABA esters should 
be avoided in susceptible individuals.*©??/!3”> 


Table 8-6 Risk Factors for Drug-Induced Photosensitivity 


Reactions2:299»3 71,374 


* Drug—drug interactions 

* High drug dose (phototoxic reactions only) 

* Immunocompromised state 

* Lack of protection against sunlight exposure 

¢ Light skin (types I and II)/fair complexion 

* Use of sunscreen products containng PABA or PABA esters (e.g., padimate O) 





PABA = para-aminobenzoic acid. 


In cases of phototoxicity, the dose of the photosensitizing agent itself may be a 
risk factor. For example, dose-related increases in the incidence of light eruptions 
have been reported in association with doxycycline.>*? Reduction of the dose of the 
offending agent during phototoxic reactions has been shown to yield symptom and 
reaction resolution in some cases, supporting the theory that dose can be an 
important risk factor.°843%> 


In cases of photoallergy, the patient’s immune status may be an important risk 
factor. For example, human immunodeficiency virus (HIV) photodermatitis is 
estimated to occur in approximately 5% of HIV-positive patients with CD4 T 
lymphocyte counts of 50 cells/uL or lower, with the risk for development 
increasing as CD4 T lymphocyte counts decline.278*3°° 


Drug—drug interactions involving photosensitizing agents may play a role in 
photosensitivity. Concomitant administration of photosensitizing agents such as 
porfimer, verteporfin, or psoralens (e.g., methoxsalen) and other agents reported to 
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cause photosensitivity reactions (Table 8-1), such as tetracyclines, phenothiazines, 
diuretics, sulfonamides, NSAIDs, and others may produce additive photosensitizing 
effects, thereby increasing the potential for a photosensitivity reaction. In cases of 
amiodarone-induced photosensitivity, coadministration of pyridoxine has been 
demonstrated to worsen the photosensitivity reaction, possibly because of a 
metabolic effect resulting in damage to the skin’s structural integrity.!>°°! More 
specifically, amiodarone is believed to induce phototoxic damage when, following 
the absorption of a photon, an excited (triplet) state is created, and the excited 
molecules then interact with a biological target to form a radical species. This 
species is then susceptible to interaction with molecular oxygen, leading to 
peroxidation." Although the mechanism is not fully understood, pyridoxine 
enhancement of amiodarone phototoxicity has been demonstrated in vitro through 
induction of photosensitizing enzyme processes by pyridoxal phosphate, a 
catalytically active form of vitamin B6.7°? Evidence of this has also been 
suggested in one small randomized, double-blind, placebo-controlled trial.!° Thami 
et al. reported a reactivation of photodermatitis caused by the concomitant 
administration of haloperidol and methotrexate in a patient with psoriasis.°”! 
Although both drugs have been reported to cause photosensitivity reactions, a 
possible drug interaction, in which haloperidol likely interfered with tryptophan 
metabolism, was suggested to play a role in the development of the adverse 
reaction.*?! With respect to phototoxicity, for which the dose of the drug may be an 
important factor, any drug interaction that may cause a significant increase in the 
plasma concentration of the photosensitizing drug may contribute to the 
development of photosensitivity reactions. 


MORBIDITY AND MORTALITY 


In general, drug-induced photosensitivity reactions rarely involve significant 
morbidity or mortality (although voriconazole-induced photosensitivity has been 
linked to squamous cell carcinoma).*°”?”>” Most reactions are reversible after 
discontinuation of the offending agent.” In some cases, complete resolution of a 
drug-induced photosensitivity reaction may require weeks to months. In 5-10% of 
patients who experience photoallergy, however, a chronic condition known as 
persistent light reaction (PLR) may develop; this is also occasionally described as 
chronic actinic dermatitis.*”’ In such patients, the photosensitivity reaction persists 
after drug discontinuation, and relapse of the reaction occurs on minimal exposure 
to UV light in the absence of the offending agent. Although PLR may occur in 
patients sensitized to systemic photosensitizing agents, it is believed to occur more 


commonly in patients sensitized to topical photosensitizers.7 
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Table 8-7 Approaches to Help Prevent Drug-Induced 
369,400 





Photosensitivity 


¢ Avoid sunlight 
* Use broad-spectrum sunscreens that block both ultraviolet A and B sunlight (minimum sun protection factor 


of 30°) 
¢ Avoid sunscreens containing PABA 
¢ Use protective clothing (e.g., wide-brimmed hats, sunglasses, and long-sleeved shirts) 


* Use dietary supplements containing antioxidants? 


PABA = para-aminobenzoic acid. 
aAlthough the U.S. Food and Drug Administration recommends a minimum sun protection factor of 15, the 


American Academy of Dermatology currently recommends a minimum of 30. 
bFurther study is needed to confirm the efficacy of this method. 


PREVENTION 

Some methods for preventing drug-induced photosensitivity reactions are listed in 
Table 8-7.°°°?”> In the case of both photoallergic and phototoxic reactions, the best 
means of prevention includes both the avoidance of sunlight and the use of broad- 
spectrum sunscreens that block both UVA and UVB sunlight.°?”7°840 Because of 
their potential to cause or aggravate photodermatitis, sunscreen products containing 
PABA or PABA esters should specifically be avoided. For patients who are 
receiving photodynamic therapy with agents such as porfimer and verteporfin, it 1s 
important to note that opaque sunscreens such as zinc oxide should be used, as 
nonopaque sunscreens are ineffective for prevention of the photosensitivity induced 
by these agents.*°°**4 Further, it should be noted that sunscreen protection may not 
always be sufficient to prevent drug-induced photosensitivity reactions. Therefore, 
the use of protective clothing may also be necessary to prevent adverse reactions to 
light exposure. 








Based on the underlying mechanism of photosensitivity reactions, it has also 
been suggested that dietary supplementation with antioxidants may help prevent 
adverse cutaneous photoreactions.*””7°* However, further study is needed to 
validate this method of prevention. 


MANAGEMENT 


The appropriate treatment of drug-induced photosensitivity reactions depends to 
some degree on the type of reaction (1.e., photoallergic or phototoxic). Treatment of 
patients with phototoxic reactions is similar to that of patients with routine sunburn. 
Discontinuation of the offending drug often accelerates resolution. In some cases of 
phototoxicity, reducing the dose of the offending agent (rather than drug 
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discontinuation) may result in resolution of the reaction. ?7!3”98 In cases of 


amiodarone-induced photosensitivity in which blue-gray discoloration of the skin 
has occurred, dose reduction has resulted in gradual disappearance of the 
pigmentary changes.*°? Systemic corticosteroids are not effective for the 
management of drug-induced phototoxicity.'*°°? Similarly, topical antihistamines 
have also been shown to be ineffective. ! 


For patients experiencing a photoallergic reaction, both antihistamines and 
corticosteroids may be prescribed to assist with symptom relief. Oral prednisone in 
doses of 1 mg/kg/day administered as a short burst (e.g., 3-10 days) or tapered 
over the course of 3 weeks has been shown to be highly effective in symptomatic 
patients suffering from  photoallergy.'°°’ Topical corticosteroids (e.g., 
betamethasone valerate 0.1% cream) or NSAIDs (e.g., indomethacin 25 mg three 
times daily or ibuprofen 400 mg four times daily) may help to reduce pain and 
inflammation.*°? The use of NSAIDs or corticosteroids should be avoided, 
however, in cases where such medications have been identified as the potential 
causative agent of the photoreaction (refer to Table 8-1 for specific NSAIDs and 
corticosteroids that have been reported to cause photosensitivity). In photoallergic 
reactions, discontinuation of the offending drug is almost always necessary.*>/!37> 
For both types of photosensitivity reactions, the use of ice packs or cold water 
compresses may occasionally provide symptomatic relief.*©? Treatment options that 
may be employed in the management of photosensitivity reactions are listed in 
Table 8-8.!23693% 


Table 8-8 Treatment Options for Drug-Induced 
1,2,369,371,398-400 


Photosensitivity 





¢ Discontinuation of the offending drug 


* Reduction in dose of the offending drug® 
* Nonsteroidal anti-inflammatory drugs 


° Topical corticosteroids? 


° Antihistamines 


Systemic corticosteroids? 
* Ice packs or cold water compresses 


aMay be effective only in certain cases of phototoxicity. Photoallergy reactions require discontinuation of the 


offending agent. 
bOnly shown to be effective in cases of photoallergy. 


INFORMATION FOR PATIENTS 


302 


Patients for whom medications that have been reported to cause photosensitivity 
reactions are prescribed should be informed of the potential for this adverse effect 
prior to the initiation of therapy. During the course of therapy with the potentially 
photosensitizing agent, patients should be encouraged to avoid excessive exposure 
to sunlight, particularly from the hours of 10:00 a.m. to 4:00 p.m. and especially in 
the absence of protection against UV light. The patient should wear protective 
clothing (e.g., wide-brimmed hats, sunglasses, long-sleeved shirts) and use broad- 
spectrum sunscreens with a minimum sun protection factor of 30 (especially for 
patients with light, fair, pale, or albino skin tones; for patients with olive, brown, or 
black skin tones, a minimum sun protection factor of 15 may be sufficient) 
throughout the duration of therapy.°©4° Zinc oxide and titanium dioxide provide a 
physical barrier that reflects and scatters the full spectrum of UVR; therefore, 
sunscreens containing these agents may provide the best protection against sunlight 
exposure. Although the majority of commercially available sunscreens today are 
marketed as “PABA-free,” consumers should be aware of sunscreens containing 
PABA or PABA esters, such as padimate O, and such products should generally be 
avoided in sensitized patients because of the potential to aggravate or worsen 
photodermatitis.27!3 
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CHAPTER 9 


Alopecia, Hirsutism, and 
Hypertrichosis 


Kristine E. Keplar 
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Alopecia is hair loss due to a disturbance of the hair growth cycle and may be 
manifested as complete or partial hair loss. Although the scalp is most often 
involved, the disorder can affect all hair-bearing areas of the body.'? Most cases 
are caused by androgenetic alopecia, also known as male pattern baldness, 
secondary to hormonal and genetic factors. A relatively small percentage of 
alopecia cases are drug-induced.* Although drug-induced alopecia is not an 
extremely common event, it is quite distressing to the patient and, therefore, 
important to recognize.> 


The three phases of hair growth are anagen, catagen, and telogen (Figure 9-1).~ 
8 The anagen, or growth, phase is the most active phase of the growth cycle and 
lasts from several months to years. During this phase, the hair follicle produces hair 
continuously. Intense mitotic activity occurs, and follicles are highly susceptible to 
noxious events.° The catagen cycle, or transition period, lasts only 1-2 weeks. 
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During this phase, the inferior portion of the hair follicle significantly thins. The 
third and final phase of hair growth is the telogen, or resting, phase. This phase 
usually lasts 2-4 months, after which the follicle re-enters the anagen phase. At any 
given time, 80—90% of the follicles of the typical scalp are in the anagen phase, and 
10-15% of follicles are in the telogen phase. Hair is shed during the telogen phase; 
telogen follicles usually shed between 30 and 100 hairs daily.°* Follicles in the 
telogen and catagen phases, unlike those in the anagen phase, typically are not 
sensitive to noxious agents, such as cancer chemotherapy drugs, because of their 
inconsistent mitotic and metabolic activity.° 
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FIGURE 9-1 Diagram of the Hair Growth Cycle 
During the normal har cycle, the active growth phase (anagen) can last from 2 to 6 years. This is followed by a 
short transition phase (catagen), which lasts 1-2 weeks, and then by a resting phase (telogen), lasting 2—4 


months. The hair is then shed, the anagen phase begins again, and a new harr is developed.®-? 


Androgenetic alopecia, or male pattern baldness, 1s hair thinning that occurs in 
an M-shaped pattern, during which hair loss occurs on the crown and temple areas 
of the head but spares the back and sides of the head. It is termed androgenetic 
alopecia because it generally follows the distribution of androgen-sensitive hair 
follicles. Androgenetic hair loss is often familial and is thought to involve a 
physiologic process incited in genetically predisposed hair follicles under the 
influences of androgens. Drugs with androgenic activity can also induce this type of 
hair loss.!13 


Alopecia areata, an autoimmune inflammatory disease, is another type of 
alopecia that includes patchy hair loss, complete loss of scalp hair, or complete 
loss of scalp and body hair. Alopecia areata has been postulated to have an 
autoimmune pathogenesis involving inflammatory cytokines, including tumor 
necrosis factor alpha (TNFa). Alopecia areata is very rare, and only a few drugs 
have been associated with it. At this time, the precise pathogenesis of drug-induced 
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alopecia areata has not been elucidated, but it is thought to involve the person’s 
own immune system, which attacks healthy hair follicles by mistake. !3-!” 


CAUSATIVE AGENTS 


The primary medications that may induce alopecia are anticoagulants, androgenetic 
agents, hormone therapy, psychotropic drugs, thyroid medications, antiretroviral 
drugs, and cancer chemotherapy agents.*°-!!-!8 Drugs known to induce alopecia are 
listed in Table 9-1.!%"!© 


ANTICOAGULANTS 


Heparin and heparinoid drugs primarily affect scalp hairs. Hair loss usually occurs 
approximately 3 months after the initiation of treatment. In one report, the onset of 
hair loss varied from 1 week to 3 months after the last dose of heparin.'”? Although 
unfractionated heparin has been the primary anticoagulant linked to drug-induced 
alopecia, low-molecular-weight heparins, warfarin, and direct-acting oral 
anticoagulants have also been implicated as causative agents.*!9!178!71-173 
Warfarin typically induces mild, diffuse alopecia with an onset between 3 and 20 
weeks after the initiation of therapy. Most cases of hair loss secondary to warfarin 
or heparinoid drugs go unnoticed by the patient. Only 20% of those who experience 
hair loss associated with these drugs exhibit clinically evident alopecia. Scalp hair 
is the primary target, but eyebrows, axillary, and pubic hair also may be affected. 


Total alopecia is extremely rare.!?78 


RETINOL/RETINOIDS 


Vitamin A, or retinol, is often prescribed for the treatment of hair disorders. 
However, alopecia of the telogen effluvium type can occur in association with 
ingestion of vitamin A in doses >50,000 international units daily (whether dietary, 
such as cod liver oil, or pharmaceutical) over a period of several months.'* Other 
retinoids such as acitretin, etretinate, and isotretinoin also cause hair loss.7° 
Alopecia associated with these agents usually occurs after 3-8 weeks of therapy. 
Alopecia may occur after exposure to lower doses, but the onset is longer than 8 
weeks. Alopecia is diffuse and involves not only the scalp but also eyelashes, 


eyebrows, pubic and axillary hair.!? Lightening of hair color and hair kinking can 
also occur in association with retinoids. !® 


18-169 





Table 9-1 Agents Implicated in Drug-Induced Alopecia 
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Drug Incidence Level of Evidence* 


AMPHETAMINES/CNS STIMULANTS 
Amphetamine aspartate 18-20,b <1% 


Benzphetamine 18-20,b NK 


Dextroamphetamine | 8-20,b N 


A 


Z 
nw 
QO; ay, arar;ralrayaya 


Dexmethylphenidate 18-20,b 
Diethylpropion 18-21,b NK 
Lisdexamfetamine 1 8-20,b NK 


Methamphetamine 18-20,b NK 





Methylphenidate 18-21,b NK 


ANABOLIC STEROIDS/ANDROGENS 
Fluoxymesterone6,13,20,22,23 VKe 


Z 


.| Z 
nw 
Q 

OQ) Oo 


oe) 


Danazol6,13,20,22,23 


Dihydroepiandrosterone NKce 

(DHEA)6,13,20,22,23 

Methyltestosterone6, 13,20,22,23 C 
Nandrolone6,13,20,22,23 eG 
Oxandrolone6,13,20,22,23 C 
Oxymetholone6,13,20,22,23 NKc C 
Progesterone6,13,20,22-24 NKc A 
Stanozolol6,13,20,22,23 c 
Testolactone6, 13,20,22,23,25 Up to 66% A 
Testosterone6, 13,20,22,23 NKc C 





ANGIOTENSIN-CONVERTING ENZYME INHIBITORS 





Enalopril26 NK C 
Lisinopril26 NK C 
Quinapril26 NK C 
Ramiprill 1 NK C 
ANTIARRHYTHMICS 

Amiodarone27 C 
ANTICOAGULANTS 
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Apixaban28 
Dabigatran28 
Dalteparin28 
Enoxaparin28 
Heparin23,28 
Nadroparin16 
Rivaroxaban28 
Warfarin11,28-31 


ANTICONVULSANTS 
Carbamazepmne9,32,33 


Ezogabine21 
Felbamate26 
Gabapentin26,34 
Lamotrigine 10 
Levetiracetam35 
Oxcarbazepine21 
Phenobarbito}33 
Pregabalin36 
Primidone33 
Tiagabine26 
Topiramate21,37,38,e 
Valproic acid9,26,32,39-42,f 


ANTIFUNGALS 


Fluconazole43,¢ 
Isavuconazonium? |,g 
Voriconazole43,g 


ANTIVIRALS 
Acyclovir11,26 


Atazanavir26,44 
Didanosine26,45 
Indinavir26,h 


Lamivudine2 1,26 


VKd 





VKd 


0-50% 


Z 
nw 


Z, Z, Z| Z| Z| Zz 


Srl alar; Fs; alTal;rayay ay e&}ay aya 


QO; ay, arar;ralrayaya 


>5% 


0.01-6% 


<2% 


0.1-1% 
1-5% 


Z 
re 


1-10% 
1.2% 
0.1-1% 
1.5% 
>1% 
1-5% 


2.6-13% 
24-28% with higher doses 10,42 


K 





1-5% 


A 


Z 
nw 


Ww 
QO; a; arala 


<1% 
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Saquinavir26 
Valacyclovir26,46 
Zalcitabine26 
Zidovudine26 


B-BLOCKERS 
Acebutolol26 


Atenolol26 
Betaxolol26 
Carvedilol26,47 
Metoprolol26 
Nadolol26 
Propranolol26,48 


Timolol11,26 


A 


A 





Z, 
x 


Z 
nw 


<2% 


<1% 


Z, 
x 


Z 
nw nw 
QO; a; aT al} wm} ayaya 


>5% 


CALCIUM-CHANNEL BLOCKERS 


Nifedipine 11 


Verapamill1 





CANCER CHEMOTHERAPY AGENTS 


Ado-trastuzumab emtansine49 


A fatinib49 
Alemtuzumab49 
Altretamine50,51 
Amsacrine 18,21 
Anastrozole21 
Axitinib2 1,49 
Bevacizumab49 
Bleomycin11,52,h 
Bortezomib49 
Brentuximab21,49 
Busulfan11,18,53 
Cabazitaxel2 1,54 
Cabozantinib21,49,i 


Carboplatin11,21 


1-13% 
9-15% 
1-30% 
<1% 
>10% 
1-13% 
4-13% 
3-27% 
50% 
1-11% 
10-19% 
>10% 
10% 
12-22% 


3-17% 


rl Ww) a; a] Bw] WB] a] Bw] BD) Oa] OO] Fe] BD] WB] 


(oS) 
W 
— 


Cetuximab48,54 
Cisplatin 11,55-57 
Cyclophosphamide 11,55-57 
Dabrafenib21,49 
Dactinomycin58,i 
Dasatinib49,59 
Daunorubicin11,60 
Docetaxel60-63,k 
Doxifluridine64 
Doxorubicin 11,21,55-57,60,65,66,i 
Edatrexate67 
Efaproxiral68 
Epirubicin18,69 
Eribulin70 

Erlotinib49,7 1,72 
Estramustine73 
Etoposide52,55-57,74,75,i 
Everolimus2 1,49 
Exemestanel6,76,77 
Fluorouracil 1 
Gefitinib78,79 
Gemcitabine80-83 
Idarubicin84 

Ifosfamide2 1,74 
Imatinib2 1,49 


Tpilimumab49 


Irinotecan (conventional) 18,21,85,86 


Irinotecan (liposomal)21 
Ixabepilone21,87,88 
Lapatinib2 1,89 
Lenalidomide21 


Lenvatinib2 1 


2-30% 
>10% 
40-60% 
11-32% 
>30% 
1<19% 
>10% 
38% 
9-10% 
16-100% 
Up to 35% 
28% 
25—100% 
33% 
5-14% 
1% 

44% 
1-13% 
2-15% 
>10% 
10-11% 
10-61% 
1-10% 
75—100% 
1-11% 
1-18% 
46-72% 
14% 
43-92% 
13% 


=1% 


Q} ay ay ©} a} a] BD} DB} al] OF FS] &] OF] ey] DB] BY] ey] wD] wD} ay a; ay &] ao] e] a} SY] oO] DB] a] Ye] © 


12% 


Go 
Go 
N 


Letrozole21,90 
Lobaplatin9 1 
Methotrexate8,18,21,74,92-95,] 
Mitomycin21,96 
Mitoxantrone 18,97 
Nilotinib2 1,49,98 
Omacetaxine21 
Oxaliplatin2 | 
Paclitaxell 8,21,65,99-101,m 
Palbociclib21 
Panitumumab54 
Pazopanib2 1,49, 
Pemetrexed102 
Pertuzumab21 
Pirarubicin103-105 
Regorafenib2 1,49 
Sonidegib2 1 
Sorafenib21,106-109 
Sunitinib109-111,j 
Tacrolimus21 
Tamoxifen2 1,112,113 
Temozolomide 114,115 
Temsirolimus49 
Teniposide2 1,74,116 
Thiotepa 18,72 
Tipiracil21 
Topotecan18,65,117-122 
Trametinib49 
Trastuzumab123 
Trifluridine2 1 


Vandetanib2 1 


3-5% 
26-33% 
>10% 
4% 
0.4-11% 
12—20% 
15% 

3% 
87-92% 
22% 
4-9% 
8-17% 
6-11% 
52-65% 
12-94% 
8-47% 
53% 
14-38% 
5-14% 
<15% 
<1-5% 
9% 
1—26% 
9% 


7% 


w 
an 
Sl} al;ay ©] Ba] ey] a] Fe] Fe] Of] BP a} ao] el] BF a} OF] Se] Oo] OF}; BY] Ww] wy) Sey} aya 


49-77% 
10% (oral) 


6—-26% 


7% 


QO; OO; a] & 


8% 


A 
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Vemurafenib2 1,47 9-48% 


Vinblastine 11,18 



















Vincristine 11,18,52 
Vindesine 18,124,125 
Vinorelbine 18,82,124-128 


Vismode gib2 1,49 


Atorvastatin 129 
Cholestyramine 129 
Clofibrate 129 
Lovastatin11 


Pravastatin 11 


All agents with high progesterone 
content which include products 
containing a first- and second- 
generation progestin 11,15,127-132 


CORTICOSTEROIDS 
Budesonide2 1 


Dexamethasone? 1 
Hydrocortisone? 1 


Methylprednisolone21 





Triamcinolone2 1 


DOPAMINE AGONISTS 
Bromocriptine 18,133 


Cabergoline 18,133 
Dopamine 18,133 
Levodopa 18,133 
Pergolide 18,133 


Ropinirole 18,133 


GONADOTROPIN-RELEASING HORMONE-RELEASING AGONISTS 


Gosereln18,21 1-10% C 


GOUT MEDICATIONS 
Allopurinoll8,19,21 


Colchicine 19,21,133,134 


Febuxostat2 1 





HISTAMINE)-RECEPTOR ANTAGONISTS 


Cimetidine26,135 NK C 
HEAVY METALS/TOXINS 
Arsenic, bismuth, lead, mercury, NK C 


thalltum136-138,n 


IMMUNOSUPPRESSANTS 

Azathioprine 11 <1% 
Belatacept21 <10% 
Cyclosporine 11 1-5% 
Gold11,138 1-5% 
Leflunomide 18,139 9-17% 


Methotrexate8,18,2 1,74,92,94,140 0.5-10% 
Mycophenolate21 3-20% 


Sulfasalazine21,26,141 6% 


OQ] &] QA] &} SF} ay ay aya 


Tacrolimus 18,142 28% 


INTERFERONS6,26,143 


Interferon alfa-N36,26,143 2-30% 

Interferon alfacon-16,26,143 2-30% 

Interferon alfa-2a, 2-30% 

recombinant6,26, 143 

Interferon alfa-2b6,26,143 2-30% 

Peginterferon alfa-2a and alfa- 14-44% A 
2b6,26,143 


>} Pl Sl & 


MULTIPLE SCLEROSIS AGENTS 
Alemtuzumab21 3% 


Fingolimod2 1 1-10% 


Teriflunomide2 1 10-13% 





NSAIDs 


J 
39 


Diclofenac21 
Etodolac21 
Ibuprofen21 
Indomethacin21 
Ketoprofen21 
Ketorolac21 
Meloxicam?21 
Nabumetone21 
Naproxen11 
Oxaprozin21 
Piroxicam21 
Sulindac21 


OPIOIDS 
Fentanyl21 


<1% 
<1% 
<1% 
<1% 
<1% 
<1% 
<2% 
<1% 
<1% 
<1% 
<1% 


<1% 


1-10% 


PSYCHOTROPIC DRUGS9,11,32 


Amitriptyline9,11,21,32 
Amoxapine9,11,21,32 
Aripiprazole9,11,21,32,144 
Bupropion9,11,32,145 
Buspirone9,10,11,32 
Citalopam9,11,32,146 
Clomipramine6,9,2 1,32 
Clonazepam9 
Desipramine9, | 1,21,32 
Doxepin9, 11,21,32 
Escitalopam9,11,21,32,147 
Fluoxetine9, 11,21,32 
Fluvoxamine9,11,21,32,148 
Haloperidol9,10,11,21,32,133 
Imipramine9,11,21,32,149 
Lithium3,9,11,18,33,133,150-152,0 


Nortriptyline9, 11,21,32 


Z 
nw 


Z 
nw 


<1% 
<0.1% 
1-5% 


<1% 


VKd 





<1% 


Z 
nw 


<1% 
<1% 
0.01% 
12-20% 


Z 
nw 


Z| 24| 41 2 


336 


QO; ayararaylyayayoayayrayraya 


O 


Q;} ©} a; a} DB} a}, ayalray ay af By} aT} ay et] aya 


Olanzapine9, 11,21,32,153 
Paroxetine9,11,21,32,154 
Protriptyline21 
Quetiapine9,155 
Risperidone9,2 132,149 
Sertraline9,11,21,32,156 


St John’s Wort (Hypericum 
perforatum)9,11,21,32,157 


Tranyleypromine32,158 
Trazodone9,11,21,32 
Trimipramine9,11,21,32 
Venlafaxine9,11,32, 159 
Ziprasidone9,11,32,160 


RETINOIDS 
Acitretin6,18,19,161 


Etretinate6,18,19,161 
Isotretinoin6,18,19,161 


Retinoic acid6,18,19,161 


THYROID MEDICATIONS 


Carbimazole 11,162,163 
Levothyroxine 11,21,162,163 
Liothyronine 11,21,162,163 
Methimazole 11,21,162,163 


Propylthiouracill 1,21,162,163 
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TUMOR NECROSIS FACTOR INHIBITORS 


Adalimumab9, 11,21,32,164 
Certolizumab pegol9,11,21,32 
Etanercept165 
Golimumab 166 


Infliximab164,167 


MISCELLANEOUS DRUGS 


Aminoglutethimide24 


Boceprevir121 
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Cetirizine 11 1-5% C 
Ethionamide? C 
Exenatide21 C 
Gentamicin168 C 
Nitrofurantomn21 C 
Naltrexone21 C 
Onabotulinumtoxin A21 C 
Pasireotide2 1 2-18% C 
Vasopressin11,14 C 
Vitamin A18,21 C 


CNS = central nervous system, NK = not known; NSAIDs= nonsteroidal anti-inflammatory drugs. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bWeight loss may play a role in amphetamine-induced hair loss. 


cAlthough the incidence is not known, it is believed to occur commonly. 

dAlthough the incidence is not known, it is believed to occur rarely. 

eAbnormal hair texture has been observed in association with topiramate. 

fPerming” effects may be observed in association with valproic acid.39 

gIncidence only reported when antifungal agents were administered for months at high doses. 
hCombinations of indinavir plus ritonavir may be associated with severe hair loss.18 Thoracic, axillary, pubic, 


thigh, and leg hair loss are also frequently adverse effects of indinavir. 
iBleomycin, dactnomycin, doxorubicin, and etoposide may cause delayed alopecia. 11,21,52,55-58 


jHair color changes have been reported such as depigmentation2 1,49; incidence of hair color changes 
associated with cabozantinib was reported as 34%49; (incidence of hair discoloration from pazopanib was noted 
to be 23—39%21-49; incidence of hair discoloration from sunitinib was noted to be 20-29%). 109 

kHair loss associated with docetaxel, is sudden in onset (usually during the third week after the first 1-hour 
infusion) and complete in many patients, including loss of axillary and pubic hair, eyelashes, and eyebrows.60,61 
IMethotrexate causes dose-related alopecia.8,21,74,92-94 

mPaclitaxel has been reported to cause loss of all body hair. 14,99-101 

nDegree and incidence of alopecia depends on dose and time of exposure. 136,137 

oChanges in hair texture, such as loss of curl or wave, often may occur at high hair lithium concentrations. 150 


pAll thyroid replacement agents implicated, since hyperthyroidism and hypothyroidism are associated with hair 
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loss. 11,21,162,163 


IMMUNOSUPPRESSANTS 


Medications used for rheumatoid arthritis, notably disease-modifying antirheumatic 
drugs (DMARDs), have been associated with mild, reversible alopecia.!!7°!°° 
Gold therapy may cause exfoliative dermatitis leading to alopecia. There is a case 
report of scarring alopecia following gold therapy.!°* Methotrexate-induced 
alopecia is thought to be dose-dependent.’*?* Other DMARDs that may cause 
alopecia include leflunomide and sulfasalazine. Cyclosporine, tacrolimus, and 
mycophenolate, which are often used following organ transplantation, have also 
been associated with hair loss.!*!42 


DOPAMINE AGONISTS 


Dopamine agonists implicated in alopecia include bromocriptine, levodopa, 
pergolide, pramipexole, and ropinirole. Alopecia caused by these agents 1s 
considered to be a rare adverse effect. !*-!/4 


INTERFERONS 


No correlation has been established between interferon dose and the onset or 
severity of hair loss. In some patients, alopecia resolves despite continued 


treatment.° Transient localized alopecia has been noted at the injection site in 
patients treated with interferon alfa. There are also reports of hair shape and hair 


color changes associated with interferon use.!® 


THYROID MEDICATIONS 


Antithyroid medications, including iodine, propylthiouracil, carbimazole, and 
methimazole can cause iatrogenic hypothyroidism leading to alopecia. 
Papadopoulos and Harden reported that carbimazole, an agent similar in structure 
to methimazole, induced alopecia in a small percentage of patients. !° 
hair regrowth occurred in all cases after carbimazole therapy was discontinued. 
This reversible type of hair loss is telogen effluvium and is associated with dry 
scalp and dry and brittle hair.t+° In a few case reports, carbimazole-induced 
alopecia occurred in euthyroid patients.!°? Sometimes the hair loss terminates 
despite continuation of therapy with carbimazole and methimazole.!? Thyroid 
replacement medications can also cause drug-induced alopecia.!” 


However, 
162 
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ANTIEPILEPTICS 


Several antiepileptic drugs have been associated with alopecia.!? Of these, 
valproic acid is associated with the highest incidence of hair loss, reported 
between 2.6% and 12%. Alopecia occurs within 3 months after initiating therapy 
and is believed to be of the telogen effluvium type. The hair loss is usually transient 
and may terminate even if the medication is continued.!? Valproic acid can also 
affect hair by causing a “perming” effect or “diffuse curliness of the hair.” One 
report stated that this curliness occurred while taking valproic acid for 
approximately 1 year. The curliness persisted for approximately 30 months of 
therapy and subsided within approximately 6 months after discontinuation of the 
therapy.°? Carbamazepine may also cause hair loss.®?2%3 Other antiepileptic 
medications that have been associated with hair loss have all been implicated via 
case reports. In one case, alopecia developed after 2 months of topiramate therapy 
in a 15-year-old female. Hair loss resolved after discontinuation of therapy and 
recurred upon reinitiation of topiramate treatment.*/ 


PSYCHOTROPICS 


Psychotropic drug-induced alopecia tends to manifest with transient mild to 
moderate hair loss and is reversible upon discontinuation of therapy.* In some 
cases, improvement has occurred spontaneously despite continuation of lithium 
therapy. Lithium has been associated with dry and limp hair as well as texture 
changes. There have been some rare reports of loss of body hair associated with 
lithium use. This effect reversed upon discontinuation of therapy.°** Lithium-induced 
hair loss may be a result of lithtum-induced hypothyroidism; resolution of the 
hypothyroid state may reverse the hair loss.!°° Antidepressant agents such as the 
tricyclic antidepressants, selective serotonin reuptake inhibitors, new-generation 
antidepressants and the antianxiety agent buspirone have all been implicated in 
causing alopecia, although this occurs rarely.** Atypical and typical antipsychotic 
agents have also been reported to induce hair loss, which usually occurs several 
months after the initiation of therapy and is characterized as nonscarring, diffuse 
alopecia with generalized or localized hair loss commonly affecting the scalp. The 
alopecia is reversible, usually within 2—5 months after discontinuation of 
therapy. !”° 


HORMONES/ANDROGENS 


Two types of oral contraceptive-induced hair loss have been identified. In the first 
type, hair loss occurs about 3 months after discontinuation of therapy with oral 
contraceptives. This type of alopecia is similar to postpartum hair loss, in which 
increased telogen loss is a consequence of the higher percentage of anagen hair 
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maintained during pregnancy. Although hair shedding can appear dramatic, it 
usually is not noticeable.®!” 

The androgenic effects of progestin are responsible for the second type of oral 
contraceptive-induced alopecia. In these cases, modifying therapy to an oral 
contraceptive with a lower dose of progestin often results in resolution of the 
alopecia. The incidence of this type of drug-induced alopecia is decreasing 
because of the lower progestin content of new formulations of oral 
contraceptives. !8:!73.177.178 

Any medication containing androgens or anabolic steroids can produce or 
aggravate alopecia in women.!!°!79 For instance, androgenetic alopecia occurs in 
a small percentage of women receiving hormone-replacement  therapy.!® 
Methyltestosterone and progestin derivatives such as medroxyprogesterone and 
norethindrone may, in rare instances, aggravate scalp alopecia. Estrogen also has 
been associated with increased hair shedding.'”’ A review of hormone-replacement 
therapy with esterified estrogen 0.65—1.25 mg and methyltestosterone 1.25—2.5 mg 
in 2,556 patients over 13 years verified the occurrence of drug-induced alopecia 
associated with both hormone replacement combinations.!*! Anabolic steroids such 
as testosterone and nandrolone may also cause androgen-induced hair loss.*°!© 
Antiestrogens and aromatase inhibitors such as tamoxifen and letrozole and 
gonadotropin-releasing hormone agonists may also be associated with androgenetic 
alopecia. !® 


TUMOR NECROSIS FACTOR-BLOCKING AGENTS 


Several case studies have implicated anti-TNFa agents (also known as biologic 
agents) with alopecia. This only occurs in certain individuals who are genetically 
susceptible. This drug-induced alopecia may present months to years after starting a 
biologic agent.!*!67 


CANCER CHEMOTHERAPY 


Cancer chemotherapy-induced alopecia occurs commonly.®!!>!”> The agents that 
are most commonly implicated include bleomycin, cisplatin, cyclophosphamide, 
daunorubicin, doxorubicin, fluorouracil, methotrexate, and vincristine.®!!°>.!7> 
Figure 9-2 depicts a patient with alopecia induced by fluorouracil.!? Although 
chemotherapy-induced alopecia is classified as anagen effluvium, it may present 
with different clinical patterns and be caused by different mechanisms. Evidence 
shows that the hair follicle may react to the same insult capable of stopping mitosis 
with shedding patterns consistent with both anagen effluvium and telogen effluvium. 
When mitotic activity of the hair cycle is arrested, several factors influence hair 
shedding. Consequently, hair may fall out very quickly or gradually. The onset of 
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anagen effluvium hair loss is typically days to weeks; however, because 
chemotherapy can induce telogen effluvium, hair loss can start within months. 
Although hair loss begins in days to weeks, it might not be prominent until 1—2 
months. !*-!80!8! The onset and degree of hair loss is highly variable depending on 
the specific medication, dose, pharmacokinetic variables such as half-life and 
duration of therapy. Combination therapy increases the risk and severity of 
alopecia.!®* Hair may appear patchy or patterned and typically falls out 
spontaneously or with brushing or combing.*!?”!38 Chemotherapy-induced alopecia 
may also involve the beard, eye brows, eye lashes, axillary, and pubic hairs if the 
chemotherapy is given at high doses for a sufficiently long period of time and with 
repeated exposures.!®? The majority of male patients with cancer chemotherapy- 
induced alopecia report that the frequency of shaving is reduced to one to three 
times a week.!?? 





FIGURE 9-2 Diffuse Alopecia Caused by 5-Fluorouracil!? 


Source: Reprinted with permission from Bork K, ed. Cutaneous side effects of drugs. Philadelphia: Saunders; 
Copyright ©1988 :249-58. 


Scarring alopecia has been noted in association with gefitinib and erlotinib, 
two tyrosine kinase inhibitors used for treatment of tumors that test positive for the 
human epidermal growth factor receptor (HER). This alopecia shows chronic 
folliculitis and perifolliculitis with lymphocytes, plasma cells, and some 
neutrophils and eosinophils; the upper follicle revealed perifollicular fibrosis, all 
of which are suggestive of drug-induced scarring alopecia. In the case of the 
erlotinib, improvement in the scalp occurred after discontinuing erlotinib therapy 
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for 3 weeks. Reintroduction of erlotinib therapy caused a recurrence of the scalp 
lesions.’”’? Treatment with lapatinib and trastuzumab, two other agents used for 
HER-positive tumors, has been reported to cause tufted hair folliculitis, a type of 
scarring alopecia.8?-!73.164,167,183 


Permanent alopecia may occur after conditioning regimens used commonly in 
hematopoietic stem-cell transplantation and in association with certain cancer 
chemotherapy agents administered in high doses (e.g. carboplatin).**!*+!* 
Combination antineoplastic therapy can also lead to permanent alopecia. Examples 
include cyclophosphamide, thiotepa, and carboplatin combination therapy, as well 
as cyclophosphamide administered with busulfan. !84:!85 


POISONING AND NONMETAL ELEMENTS 


Poisoning with arsenic, bismuth, copper, lead, mercury, or thallium can result in 
pronounced hair loss, which occurs relatively quickly after exposure.*°!>° Hair 
loss associated with thallium, gold, arsenic, and bismuth usually begins 2-4 weeks 
after exposure.'*!3’ Thallium can affect not only the scalp but also the eyelashes, 
eyebrows (lateral aspects), arms, and legs. Total epilation may occur 
approximately 1 month after the initiation of therapy.+° Severe hair shedding 
usually occurs only in association with the cytotoxic agents. Noncytotoxic drug- 
induced hair loss rarely results in total hair loss, and is normally reversible upon 
discontinuation of the offending drug. !* 


ANTIFUNGAL AGENTS 


Prior to 2012, antifungals had not been widely associated with alopecia; however, 
in September 2012, a multistate outbreak of mold-induced meningitis required the 
use of high-dose and long-term therapy with antifungal agents. Voriconazole was 
one of the two antifungal drugs used in this outbreak. After several months of 
therapy, many patients complained of alopecia as well as nail changes including 
brittle nails, split nails, thinning nails and, in some cases, complete loss of nails. 
Prior to this, the only antifungal agents that had been associated with alopecia were 
fluconazole and voriconazole from one case report in one child.*’ In a cross- 
sectional survey of patients taking a high dose of voriconazole (6 mg/kg every 12 
hours) for at least 1 month, 82% reported alopecia. Hair loss occurred on the scalp 
in 96% of cases, eyebrows and eye lashes in 38%, and arms and legs in 42%. 
Extensive hair loss requiring a wig or hat was reported in 15% of patients. After 
discontinuing therapy with voriconazole, 82% of those with alopecia reported that 
the hair loss had stopped, and 69% indicated that hair regrowth had begun.*° 
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EPIDEMIOLOGY 


Drug-induced alopecia is not uncommon, although the exact incidence is not known. 
The incidence of alopecia associated with specific drugs, where known, 1s 
presented in Table 9-1.!8!©° Alopecia associated with cancer chemotherapy and 
cytotoxic drugs, whether noticed or unnoticed, occurs in nearly 100% of patients 
who do not undergo hair loss prophylaxis. The prevalence and severity depend on 
the drug as well as on individual predisposition. Hair loss can occur in association 
with some drugs when administered in usual doses, while alopecia associated with 
other drugs is unpredictable and occurs only occasionally.®!!!®°> Heparin and 
heparinoid drugs can lead to telogen effluvium, with an incidence that varies from 
0% to >50%.' Vitamin A (retinol)-induced alopecia has been reported in 
approximately 20-30% of patients.®!? The incidence of DMARD-induced alopecia 
ranges from 1% to 10%.!?.!38141.179 Alopecia caused by dopamine agonists occurs 
rarely and is more common in females.!®:!”4 Nearly 20-30% of patients receiving 
interferon experience alopecia of the telogen effluvium type.° The incidence of 
alopecia induced by carbimazole ranges from 3.5% to 10%.!° The overall 
incidence of hair loss provoked by antiepileptic medications is 0.01—12%, with 
valproic acid therapy associated with the highest incidence (2.6-12%).!?°"4! 
Alopecia induced by carbamazepine has been reported to be a very rare adverse 
event in some case reports, while others estimate the incidence to be as high as 
6%.°?3233 The incidence of lithium-induced hair loss is 12-17%.* Hormone- 
replacement therapy with esterified estrogen 0.625—1.25 mg and methyltestosterone 
1.25-2.5 mg induces alopecia with a reported incidence of 8.8%.!*! Cytostatic 
agents have been reported to cause total scalp hair loss in roughly 10% of patients. 
Hair loss was reversed after therapy was discontinued.*!%!?%!86 


MECHANISMS 


Mechanisms of drug-induced alopecia are listed in ‘Table’ 9- 
2.,9.6.43,72,79,166,176,180,187,188 Drugs that induce alopecia can be classified according to 
their effects on the phases of the hair growth cycle.!°’ There are two patterns of 
drug-induced alopecia: anagen effluvium and telogen effluvium.>:!®° 

During anagen effluvium, drugs may partially or completely suppress mitosis 
and cause metabolic impairment of hair growth. This leads to failure to form a hair 
shaft or the formation of a thinned, weakened hair shaft.>-'°° Eighty-five percent of 
hair follicles on the scalp are in the anagen phase. Therefore, this is a major target 
for drugs that cause anagen effluvium alopecia. Hair loss also can be manifested in 
axillary, pubic, and other body regions. Cytotoxic agents such as cancer 
chemotherapy drugs and toxic plasma concentrations of certain metals cause drug- 
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induced alopecia by affecting follicles during the anagen phase of hair growth. 
Because the duration of the anagen phase is the primary determinant of hair length, 
the maximum length of the new anagen hair is shorter than that of the hair it is 
replacing. Eventually, the anagen phase is shortened to the point at which the hair 
cannot reach the skin surface. At this point, the only visible part of the hair cycle on 
the skin is the pore, as the hair follicle can no longer be seen.® In patients with 
anagen alopecia, hair loss is almost always reversible when therapy with the 
offending agent is terminated. However, hair grows at a rate of only about | cm per 
month, so several months are required for complete reversal of the hair loss.° The 
medications most commonly associated with anagen effluvium are cancer 
chemotherapy agents.° 


The majority of drug-induced hair loss is primarily considered telogen 
effluvium hair loss, because the majority of drugs that induce hair loss disrupt the 
telogen effluvium growth phase. In telogen effluvium, drugs provoke hair loss by 
causing premature termination of the anagen, or growing, phase of the hair cycle, 
resulting in an increased number of shed hairs. This type of hair loss often can be 
identified by the presence of a clubbed root on shed hair. Hair loss is typically 
diffuse rather than patchy, and patients often are asymptomatic. Telogen effluvium is 
primarily noted on the scalp; however, it sometimes may be detected in other 
locations.'>*? Telogen hair loss often occurs secondary to events such as severe 
illness, nutritional deficiencies (protein, vitamins, and minerals), childbirth, fever, 
and hemorrhage. It can be caused by drugs including warfarin, heparin, low- 
molecular-weight heparins, lithium, certain fB-blockers (metoprolol, nadolol, 
propranolol), and o- and A-interferon. A few cytotoxic agents also may cause 
telogen effluvium by shifting the hair follicles into a premature resting cycle. !8”-!®° 


Alopecia areata has been postulated to have an autoimmune pathogenesis 
involving inflammatory cytokines, including TNFa. Drugs have typically not been 
associated with alopecia areata, but there are several case reports of biologic 
agents inducing this type of hair loss.!°°!°7! Tt has been proposed that anti- TNFa 
agents lead to the development of other autoimmune diseases, in which the body’s 
immune system is inappropriately activated by the anti-TNFa agents, which then 
attacks hair follicles.!°!7!9!!92 The mechanism is unknown but a proposed 
hypothesis is that the alopecia is caused when an alternative signaling pathway 
leads other autoimmune diseases to develop such as psoriatic alopecia or alopecia 
areata, !4167 


Table 9-2 Mechanisms of Drug-Induced 


5,6,43,72,79,166,176,180,187,188 





Alopecia 


Mechanism 
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Amphetamines 

Anabolic steroids/androgens 
Anesthetics 
Angiotensin-converting enzyme inhibitors 
Antiarrhythmics 

Anticoagulants 

Anticonvulsants 

Antifungals 

Antivirals 

B-blockers 

Calctum-channel blockers 
Cancer chemotherapy agents 
Erlotinib 

Gefitinib 

Lapatinib 

Trastuzumab 
Cholesterol-lowering agents 
Colony-stimulating factor 
Contraceptives (oral/intrauterine) 
Corticosteroids 

Dopamine agonists 
Gonadotropin-releasing hormone-releasing agonists 
Gout medications 


Histaminey-receptor antagonists 


Heavy metals/toxins 
Immunosuppressants 

Interferons 

Multiple sclerosis agents 
NSAIDs 

Psychiatric medications 

Retinoids 

Thyroid medications 

Tumor necrosis factor—blocking agents 
MISCELLANEOUS AGENTS 
Aminoglutethimide 

Boceprevir 

Cetirizine 

Clonidine 


Diazoxide 


Telogen effluvium 
Androgenetic alopecia 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Anagen effluvium 
Plus scarring alopecia 
Plus scarring alopecia 
Plus scarring alopecia 
Plus scarring alopecia 
Telogen effluvium 
Telogen effluvimm 
Androgenetic alopecia 
Telogen effluvium 
Telogen effluvimm 
Androgenetic alopecia 
Telogen effluvium 


Telogen effluvium 


Anagen effluvium 

Telogen effluvium/alopecia areata 
Telogen effluvium 

Unknown 

Telogen effluvium 

Telogen effluvium 

Telogen effluvium 

Telogen effluvium 


Psoriatic alopecia or alopecia areata 


Telogen effluvium 
Telogen effluvium 
Telogen effluvium 
Telogen effluvium 


Telogen effluvium 
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Ethionamide Telogen effluvium 


Exenatide Telogen effluvium 
Gentamicin Telogen effluvium 
Imiquimod Telogen effluvium 
Isoniazid Telogen effluvium 
Nitrofurantoin Telogen effluvium 
Naltrexone Telogen effluvium 
Onabotulmumtoxin A Telogen effluvium 
Pasireotide Telogen effluvium 
Vasopressin Telogen effluvium 


NSAID = nonsteroidal anti-inflammatory drug. 


Drugs also may induce hair loss by increasing androgen activity. Hair loss 
occurring by this mechanism is termed androgenic alopecia or androgenetic 
alopecia, also known as male pattern baldness. Women with androgenetic alopecia 
have lower scalp follicle concentrations of So-reductase (which converts 
testosterone to dihydrotestosterone), lower scalp follicle concentrations of the gene 
encoding aromase CYP19A1 (which converts testosterone to estrogen), and greater 
density of androgen receptors. However, these patients do not have higher plasma 
concentrations of androgens and tend to have normal fertility, menses, and 
endocrine function.!?*!°> Drugs implicated in androgenetic alopecia include 
danazol, metyrapone, progestins, estrogen receptor antagonists, and anabolic 
steroids.>!?8 In many cases, hair loss is not reversible upon discontinuation of 
therapy with the offending agent.° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms associated with drug-induced alopecia are listed in Table 9- 
3, 146,12,13,58,175,193,196-198 Features of different types of drug-induced alopecia are 
compared in Table 9-4,4-%!!-13,18.58,167,173,193,197,198 To determine the type of drug- 
induced alopecia, patients should be evaluated for the presence of shedding or 
fragile hair (or both), slowed rate of hair growth, inability to regenerate new hair, 
and any related local or systemic disorders. In addition to a visual inspection, 
specific diagnostic procedures such as the hair-pull test, hair plucks, microscopic 
examination of hair and scalp, as well as cultures and biopsies may be used.! The 
hair-pull test is one of the easiest tests used to evaluate alopecia. Patients are 
advised not to shampoo the hair for 24 hours prior to the test.'?> The clinician 
grasps approximately 60 hairs using the thumb and index and middle fingers. The 
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hairs are gently but firmly pulled. The test 1s considered positive for active 
shedding when more than six hairs are pulled free. 


When a definitive diagnosis is needed or if the routine testing is inconclusive, a 
scalp biopsy can be performed. The scalp biopsy provides histologic features, the 
number of anagen and telogen hairs, and the number of terminal and vellus hairs per 
area, which provides a more definitive analysis of the hair loss. A scalp biopsy 
leaves a small scar on the patient’s scalp, as it is an invasive procedure. Patients 
may refuse the biopsy because of the scar if the hair loss 1s potentially irreversible. 
A scalp biopsy is usually not necessary for routine diagnosis of hair loss.'* The 
biopsy is usually reserved for alopecia that lacks identifiable triggers, chronic hair 
loss, miniaturized hair shafts, or failure to exclude alopecia areata.?” 

Patients with drug-induced anagen alopecia present with hair that is thin and 
fragile, and shed hairs are narrow, broken, and have no roots.> Because the hair is 
weakened, it is susceptible to fracture with minimal trauma.°?9! Microscopic 
examination of hair from patients with cancer chemotherapy-induced alopecia 
reveals fragmentation, trichorrhexis, decreased diameter, and depigmentation of the 
hair shaft. The hair breaks off nearly as quickly as it issues from the hair 
follicle.'8”!°7 Anagen effluvium alopecia usually develops within days to weeks 
after the initiation of therapy with the causative agent, and the hair shedding is acute 
but may not be prominent until 1-2 months.!*®° Hair may appear patchy or patterned, 
and typically falls out spontaneously or with brushing or combing.*!*:!7? Often, the 
hair loss is very severe, especially when two or more alopecia-provoking drugs 
are administered.'8? Anagen effluvium alopecia may produce loss of most of the 
scalp hair, eyelashes, and eyebrows. This type of alopecia occurs almost 
exclusively in association with cytotoxic drugs such as cancer chemotherapy 
agents. Normally, hair regrowth occurs rapidly if therapy with the causative agent 
is discontinued and minimal damage to the hair follicles occurred. !®!9!29.!79.180,182 


Table 9-3 Signs and Symptoms Associated with Drug-Induced 


Alopecia! »4-6,12,13,58,175,193,196-198 





Anagen effluvium alopecia 


* Acute severe hair shedding with an onset of days to weeks after the initiation of therapy 

* Hair loss from other sites is less common 

* May cause loss of hair from entire scalp, eyebrows, and eyelashes; often >200 hairs are shed daily 

* Photograph/visualization of scalp reveals diffuse thinning, which may progress to loss of entire scalp hair 

* Positive hair-pull test 

¢ Trichogram/TrichoScan reveals weakening and thinning of hair shaft, hair shaft breaks easily at the base 
with minimal trauma, and/or dystrophic hair (toxically damaged hair) 


Telogen effluvium alopecia 
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Hair loss is usually diffuse and mild; many times, it is not noticeable at all 

Hair loss occurs usually within 2-4 months after the initiation of therapy 

Increased hair shedding can vary from day to day (often ~ 100—150 hairs per day) 

Occasional loss of pubic or body hairs can occur 

Photograph/visualization of scalp reveals diffuse thinning; may progress to entire scalp hair loss 
Positive hair-pull test 

Scalp biopsy shows absence of inflammation with increased telogen count 

Shed hair has clubbed roots 

Trichogram/TrichoScan often reveals that scalp and hair shafts appear normal 


Androgenetic alopecia 


Hair loss is nonscarring 

Hair-pull test reveals high telogen count 

Photograph and/or visualization of scalp reveals diffuse thinning, specific areas of hair loss, progression of 
hair loss in androgenetic pattern 

Scalp biopsy (possible histologic features) reveals fraction of terminal hair is decreased, nonspecific focal 
perivascular basophilic degeneration of the lower third of the connective-tissue sheaths of otherwise normal 
anagen follicles, perifollicular lymphocyte infiltrate at the level of the sebaceous duct, and/or fibrotic 
streamers present 

Trichogram/TrichoScan reveals shorter, finer, and often lighter-colored hair shafts 


Female androgenetic alopecia 


Diffuse thinning typically occurs at vertex but can spread to the crown 
For the most part, the frontal hair line is preserved 


Male androgenetic alopecia 


Hair loss begins at the frontal hairline and causes a receding hairline and possibly thins the hair at the crown, 
then can spread 

Hair loss is nonscarring 

Preservation of the follicular ostia is observed 


Alopecia areata 


Biopsy reveals peri- and intrafollicular inflammatory infiltrate of the hair follicle (around anagen stage) 
Often hair loss is in patches but can involve total scalp hair loss and rarely total body hair loss 

Positive hair-pull test 

Short hairs that taper near the scalp are found near margin of the alopecia (“exclamation point” hairs) 
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Table 9-4 Comparison of Features of Drug-Induced Alopecia’ ®!'!%129%167.175,193,197,198 


Feature Anagen Effluvium | Telogen Effluvium | Androgenetic Alopecia Alopecia Areata 
Onset of hair loss | Days to weeks Becomes evident 2-4 months (gradual with 1 month to years 
within 2-4 months progression) 


Description of Extensive or severe hair | Usually mild and First appears as telogen efflu- Typically starts with a 
hair loss loss can occur diffuse, often not vium then proceeds to andro- | patch of hair loss, then 
noticed at all genetic alopecia if drug therapy | can progress to multiple 
Sometimes complete is continued patches of hair loss 
hair loss can occur, 
especially with certain In males, primarily bitempo- In rare events, total 
cancer chemotherapy ral recession of the hairline; in | scalp hair loss and 
agents women, a diffuse thinning over | total body hair loss can 
the scalp with more notice- occur 
able thinning in the frontal and 
parietal areas with preservation 
of the anterior hairline 
Evaluation of the | Weakening and thin- Scalp and hair shafts | Shorter, finer, and often Bald areas are usually 
hair follicle ning of hair shaft; often appear normal | lighter-colored hair shafts circular or oval shaped 
breaks easily at the base often present and smooth to touch 


with minimal trauma Shed hair has clubbed 
roots Short hairs that taper 
near the scalp are found 
near margin of the 
alopecia (“exclamation 
oint” hairs) 


Results if ther- Usually resolves; how- | Nearly always resolves | In many cases, it is not revers- | Usually resolves com- 
apy with caus- ever, if long-term expo- | with discontinuation | ible upon discontinuing the pletely with discon- 
ative drug is sure to drug, may result | of therapy or lower causative agent tinuation of agent 
discontinued in a scarring alopecia doses of the causative in conjunction with 


(which does not resolve | drug treatment 

with discontinuation of 

therapy) In cases of alopecia 
totalis or alopecia uni- 
versalis, may see treat- 
ment failure or not have 
complete resolution of 
the alopecia 


Patients with drug-induced telogen alopecia typically present with mild, diffuse 
hair loss. Shed hair typically has clubbed roots and the hair comes out by the roots. 
Miniaturized hairs are generally not found.'>°% Alopecia in patients with 
telogen effluvium is usually subclinical and rarely involves more than 50% of the 
hairs.© 189.203 Although presentation depends on the percentage of hair follicles 
involved, hair loss in patients with drug-induced telogen alopecia often does not 
become evident until 2-4 months after the initiation of therapy with the offending 
drug.!°’ As the hair loss is mild and often occurs long after therapy with the 
offending agent has been initiated, this condition can be easily overlooked. Hair 
loss is generally diffuse rather than patchy, and patients often are asymptomatic. 
Telogen effluvium is noted primarily on the scalp; however, it sometimes may be 
detected in other locations.!».°? Examination of shed hair reveals the presence of a 
clubbed root. If on microscopic exam a white bulb is found on the shaft of extracted 
hair, the test is considered positive for telogen effluvium.!° Progressive 
miniaturization of the hair follicles is noted. If the offending drug is continued, with 
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each successive growth cycle, hair follicles become smaller and produce shorter, 
finer hairs that cover the scalp poorly.'” In telogen effluvium, the hair root is not 
damaged so hair will, in most cases, spontaneously regrow once therapy with the 
offending drug is discontinued.®!*°7° Severe shedding is uncommon and occurs 
exclusively in association with interferons, anti-retroviral drugs, heparin and 
heparinoids, and, on occasion, cancer chemotherapy agents.!® Hair regrowth 


normally occurs within 2—6 months after discontinuing therapy with the causative 
agent, !!-1826,175 


Drug-induced androgenetic alopecia may be suspected in patients taking an 
androgenic drug and in whom hair loss is mediated by the presence of androgen 
dihydrotestosterone in hair and/or plasma, the hair loss is male-pattern type (no 
effects on nonscalp hair), the shedding is usually not severe, and the hair comes out 
by the roots. !!+18.26175,193,196 Miniaturization of hairs with various lengths and 
diameters is a classic sign of androgenetic alopecia. With successive anagen 
cycles, the hair follicles become smaller, manifesting as finer, shorter hair; over 
time, nonpigmented vellus hairs replace pigmented terminal hairs. In women, 
androgenetic alopecia often manifests as a diffuse thinning but more concentrated 
thinning over the top of the scalp with preservation of the anterior hairline, or as 
complete baldness and loss of all hair except the occipital and temporal 
fringes.!>>®-!°° Evaluation of plasma testosterone concentrations is of value in these 
patients; testing for drug-induced alopecia is expected to yield normal or low 
concentrations in the absence of other features consistent with androgen excess 
(e.g., hirsutism, acne, or irregular menses).>!!!7?!%:!°8 Biopsy of the scalp in 
women with androgenetic alopecia shows increased aromatase activity compared 
to that in men with androgenetic alopecia. !7’ 


Alopecia aerata presents often with bald areas that are usually oval or circular, 
well-defined, and a smooth patch or patches. The affected area can range from just 
patches on the scalp to total scalp hair loss (alopecia totalis) and in rare cases to 
total body hair loss (alopecia universalis). Inflammation is present but usually deep 
in the skin and is revealed via a scalp biopsy. The hair-pull test reveals pencil 
point and telogen shafts. In some instances, there is mild itching, tingling, 
tenderness or a burning sensation in the affected area.!?!!°*!°7 Reports of drug- 
induced alopecia areata reveal hair loss after several months of therapy which 
usually progresses if the causative agent is not discontinued. After terminating 
therapy with the offending medication, hair loss with treatment usually returns but 
very slowly, often months later.'%!°” Trichotillomania, a result of a psychiatric 
disorder such as obsessive-compulsive disorder, psychosis, anxiety disorder, is 
another cause of alopecia and involves a compulsion to pull out one’s hair. The hair 
loss involves patchy hair loss with incomplete thinning and stubble present. 
Another cause of alopecia is traction alopecia where the hair is pulled back tightly 
repeatedly or for long periods of time. It usually presents a frontal and/or temporal 
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hair loss.!° Conditions to consider in the differential diagnosis of drug-induced 
alopecia are listed in Table 9-5.*:!° 


RISK FACTORS 

Risk factors for drug-induced alopecia are listed in Table 9-6.!!:!¢!:!73:!7> Route of 
administration has been shown to influence the risk of alopecia associated with 
some drugs. Cancer chemotherapy agents administered intravenously may cause 
complete alopecia within a short time, whereas oral therapy tends to be associated 
with a lower risk of alopecia, regardless of the total dose administered. Drug 
combinations, higher doses, and longer duration of drug therapy as well as drug 
interactions that lead to increased plasma concentrations can contribute to the risk 
of alopecia.!*’ For example, lithium-induced changes in hair texture, such as a loss 
of a natural wave or curl, are more likely to occur in patients with significantly 
higher hair lithium concentrations than in those who do not experience hair 
changes.!°° The risk of anticoagulant-induced hair loss is not related to age but 
appears to be dose-related and seems to be more frequent in women than men.®!? 
Alopecia caused by dopamine agonists is also more common in women.!*!74 
Vitamin A (retinol)-induced alopecia occurs more frequently in women receiving 
higher doses. Vitamin E, taken concurrently with vitamin A, may potentiate vitamin 
A toxicity.°!? Patients with pre-existing thyroid disease, polycystic ovary disease, 
inflammatory diseases such as seborrheic dermatitis, psoriasis, malnutrition, or 
certain metabolic disorders such as liver disorders and chronic kidney disease are 
at risk for alopecia.!?°* Concomitant systemic and chronic illness such as 
autoimmune disorders and cancer may also increase the risk. Stress, crash dieting, 
nutritional deficiencies (protein, vitamins, and minerals), iron deficiency infection, 
fever, and childbirth are other factors that can lead to telogen effluvium.*!0.!77-!8° 
Women with androgenetic alopecia who take a progestin with high androgenic 
activity for oral contraception or hormone-replacement therapy are at increased 
risk for further hair loss. Testosterone and related substances such as 
dehydroepiandrosterone (DHEA) should be avoided in women with androgenetic 
alopecia because of the increased risk for worsening the condition. !”° 


Table 9-5 Conditions to Consider in the Differential Diagnosis of 


4,10 





Drug-Induced Alopecia 


Alopecia areata, scarring alopecia, telogen effluvium 


Systemic/chronic illness (e.g., autommmune disorder, cancer) 
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Alopecia areata, telogen effluvium 
Hypothyroidism 


Androgenetic alopecia (women) 


Hirsutism (combined hirsutism/alopecia in polycystic ovary disease) 
Amenorrhea 
Infertility 


Scarring alopecia, telogen effluvium, tinea capitis 


Infection (systemic or local) 


Telogen effluvium 
Physical stress (e.g., surgery, pregnancy, malnutrition) 


Life-threatening psychological stress 


Telogen effluvium; anagen effluvium 


Serious illness within previous 3—4 months 


Traction alopecia 
Tight braids 


“Pulled-back”’ hairstyle 
Trichotillomania 


If taking psychoactive medication, also consider telogen effluvium, as both types of alopecia could be 
occurring simultaneously 


Psychiatric disorder (e.g., psychosis, anxiety, obsessive-compulsive disorder) 


Table 9-6 Risk Factors for Drug-Induced 





Alopecia!1,161,173,175 


Risk factors related to drug administration: 


Combination therapy 

Drug interactions leading to higher drug concentrations 
Higher doses 

Intravenous route of administration 

Longer duration of exposure 


Disease states: 


Autoimmune disease 

Endocrine abnormalities 
Hyperandrogenic disorders 
Hypothyroidism or hyperthyroidism 
IlIness/fevers/infection 
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Increased blood loss 

Inflammatory diseases (i.e., seborrheic dermatitis, psoriasis) 

Iron deficiency anemia 

Parturition 

Polycystic ovary syndrome 

Poor nutritional status/crash diets (low serum iron or ferritin concentrations or deficiency of protein, zinc, 
selenium) 


Family history of androgenetic alopecia 
Recent surgery 


Stress 


Postoperative alopecia is the temporary or permanent loss of hair that occurs 
following prolonged immobilization during general anesthesia and intubation.!% 
Localized pressure-induced ischemia is the likely cause. Patients at highest risk for 
permanent hair loss include those undergoing cardiac or gynecologic surgical 
procedures for which the combined intraoperative and postoperative intubation 
time exceeds 24 hours. 


MORBIDITY AND MORTALITY 


Although drug-induced hair loss is usually reversible, it can be quite traumatic for 
both men and women.” In one study, cancer chemotherapy-induced alopecia ranked 
third on patients’ lists of distressing symptoms, behind nausea and vomiting.2”° 
Patients sometimes refuse cancer chemotherapy for fear of hair loss.” It is 
important that clinicians appreciate their patients’ views regarding the social 
impact of hair loss, even in cases in which patients experience only hair thinning. 
Understanding patients’ feelings regarding hair loss and openly discussing the 
matter may reduce the risk that they will abruptly discontinue medications and 
suffer potentially serious health consequences as a result.°2 


PREVENTION 


Avoiding therapy with medications that may cause alopecia is the best method of 
prevention, but in many cases this is not feasible. In situations in which drug- 
induced alopecia may occur, continuation of therapy may be necessary, particularly 
with cancer chemotherapy agents, anticoagulants, or psychiatric medications. In 
such cases, clinicians should use the lowest possible dose of the potentially 
causative agents and avoid, when possible, the use of multiple drugs with the 
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potential to cause hair loss. In addition, the duration of exposure should be limited 
to the extent possible, and the oral, rather than intravenous, route should be used 
whenever possible.!’*!8’ Delivery of anthracyclines via liposomes significantly 
reduces the risk of hair loss compared with other routes of administration.~* 
Avoiding drug interactions that lead to increased plasma concentrations of 
alopecia-inducing drugs is also important, especially if the alopecia is dose- 


dependent. Approaches to help prevent drug-induced alopecia are presented in 
Table 9-7.6-10,11,52,177,178,187,206-209 


Table 9-7 Approaches to Help Prevent Drug-Induced 


6,10,52,177,178,187,206-209 


¢ Avoid drug interactions that could increase plasma concentrations of potentially causative agents associated 
with dose-dependent alopecia 

¢ Avoid drugs with potential to induce alopecia where possible 

¢ Avoid, when possible, the use of multiple drugs with the potential to cause hair loss 

* Check plasma iron and ferritin concentrations and thyroid function at first sign of hair loss 

¢ For patients undergoing cancer chemotherapy, consider scalp cooling or hypothermia 

* Identify and manage comorbid diseases and conditions that can cause or exacerbate hair loss, such as 
infections, fevers, malnutrition, polycystic ovary syndrome, hyperinsulinemia, inflammatory diseases, and 
autoimmune diseases 

* Identify any family history of androgenetic alopecia, hirsutism, amenorrhea, or infertility prior to initiation of 
therapy with medications known to cause hair loss; this may allow the clinician to identify and correct 
potential risk factors for alopecia 

¢ Limit duration of exposure to potentially causative agents 

¢ Maintain proper nutritional status 

* Manage stress 

* Monitor kidney and/or liver function in patients taking renally elimmated or hepatically metabolized drugs 
known to cause dose-dependent alopecia 

* Recognize patients at high risk for alopecia or existing alopecia to avoid alopecia-inducing medication if 
possible or consider prophylactic therapy such as minoxidil 

* Use liposomal delivery of the anthracyclines to significantly lower risk of hair loss 

¢ Use the lowest possible dose of potentially causative agents 

* Use the oral route rather than the intravenous route whenever possible 

¢ Warn patients with breast cancer or lymphoproliferative disorders of the potential for interference with drug 
delivery if using scalp cooling; scalp cooling should be avoided in patients with hepatic dysfunction 


Alopecia 





Other preventive measures include ensuring proper nutritional status and 
management of stress. Stress and anxiety are often present in patients who are 
taking psychotropic medications and are also symptoms of malnutrition. Stress, 
anxiety, and malnutrition are each well-documented causes of hair loss. Therefore, 
patients taking drugs known to cause alopecia may experience hair loss due to the 
medication, stress, anxiety, or any combination of these factors. Consequently, 
helping the patient cope and gain better control of his or her disease state may 
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reduce stress and anxiety and may decrease the risk or severity (or both) of hair 
loss induced by psychotropic medications. !!° 


Diseases or conditions that can cause or exacerbate hair loss, such as 
infections, fever, malnutrition, polycystic ovary disease, hyperinsulinemia, 
inflammatory diseases, and autoimmune disorders should be identified and 
managed appropriately and ameliorated, if possible. Prior to the initiation of 
therapy with drugs known to cause alopecia, assessment of plasma iron and ferritin 
concentrations and thyroid function, identifying any family history of androgenetic 
alopecia, and detection of conditions associated with androgen excess, such as 
hirsutism, amenorrhea, or infertility may allow the clinician to identify and correct 
potential risk factors.!°-''-!7” Methotrexate-induced alopecia may be prevented with 
folic acid supplementation.’*°? There are a few reports that valproic acid-induced 
hair loss may be prevented with zinc and selenium supplementation, dose 
reduction, or both.*74°4!7!0 Th general, maintaining patients’ euthyroid status will 
aid in preventing antithyroid-induced alopecia.7!° The risk of postoperative 
alopecia may be reduced with frequent intraoperative and postoperative head 
repositioning, !” 

Patients with a family history of androgenetic alopecia are at high risk for 
androgenetic-induced alopecia associated with certain oral contraceptives. In these 
patients, selection of an oral contraceptive with little to no androgenic effects, such 
as norgestimate or ethynodiol diacetate, may reduce the risk of alopecia.!®!:!%° 
Prophylactic therapy with topical minoxidil can be prescribed when a patient with 
a family history of androgenetic alopecia requires long-term therapy with a 
medication known to induce androgenetic alopecia. Minoxidil is not effective for 
prevention of cancer chemotherapy-induced alopecia, but it will help reduce the 
severity and duration of the alopecia.7!!7!2 


Scalp cooling and hypothermia are of questionable efficacy for the prevention 
of cancer chemotherapy-induced alopecia, but it can possibly help the degree of 
chemotherapy-induced alopecia. Scalp cooling involves applying a cooling turban 
around the scalp with a tourniquet pressure ranging from 30 to 50 mm Hg above 
systolic blood pressure 10 minutes prior to drug administration, followed by 
removal 30 minutes after drug administration application. Hypothermia involves 
cooling the scalp to at least 24°C for 5 minutes before, during, and 20 minutes after 
the infusion of cancer chemotherapy.°°? Some investigators have raised concerns 
that, 1n some cases, these methods may be detrimental because of a possible 
reduction of delivery of chemotherapy drugs to intended areas, or when 
chemotherapy is being used for generalized hematogenic metastases or there is a 
high likelihood of metastasis to the scalp, such as in patients with breast cancer or 
lymphoproliferative disorders.°*7° Liver dysfunction may also impair the potential 
efficacy of these preventive measures, as it inhibits the metabolism of some 
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chemotherapy agents, thereby allowing drug concentrations to persist beyond the 
protective time frame of induced scalp hypothermia.?°77°? 


A scalp cooling device, DigniCap, has been approved by the U.S. Food and 
Drug Administration (FDA) in the United States with the indication of decreasing 
the risk of chemotherapy-induced alopecia among women battling breast cancer. In 
a trial of more than 100 women with breast cancer, only 34% of those who used the 
cap lost over half their hair, compared to 100% in the control group. No serious 
adverse events were noted. The tight-fitting silicone cap has a coolant that 
circulates throughout the cap with a temperature that never goes below 32°F (0°C). 
The DigniCap is an important device as some women have opted out of 
chemotherapy due to the alopecia and with the prevention of hair loss in these 
patients may be a significant benefit to their quality of life. The FDA concluded 
from the studies that the risk of a decrease in chemotherapy delivery to an isolated 
grouping of the breast cancer cells in the scalp via the use of the cold cap is 


extremely rare.7!° 


MANAGEMENT 
DRUG THERAPY 


Retinoid-induced alopecia is quickly reversible when the dose is decreased or 
vitamin A supplementation is discontinued. Hair regrowth occurs in approximately 
2-3 months.®-!? Dopamine-induced alopecia is reversible following discontinuation 


of therapy.!®!°3 Chemotherapy-induced alopecia almost always resolves after 
discontinuation of therapy, and hair regrowth tends to occur rapidly. However, the 


texture and color of regrown hair may be different.!® In rare cases associated with 
exposure to cancer chemotherapy over a long period, atrophy of the hair bulb may 
occur. However, most believe that this atrophy is always reversible after 


discontinuation of therapy with the causative agent.!?!*° In the case of lapatinib- 
induced alopecia, after a dose reduction, there was improvement.8%!?3 





For patients with drug-induced telogen alopecia, hair growth returns when the 
causative agent is discontinued or the dose is decreased. Usually, additional 
treatment is not necessary.!*-!8°202.209 When discontinuation of therapy or dose 


adjustment is not possible, a trial with topical minoxidil is recommended (Table 9- 
8), !,68,10,11,13,52,173,193,203,206-209,211 213-221 


Table 9-8 Treatment Options for Drug-Induced 


Alopecia!6,8,10,11,13,52,173,193,203,206-209,211,213,215-221 





357 


Dose and 





Treatment Administration Comments 
TOPICAL TREATMENT 
Minoxidil 2% solution (men and women), Solution: A dropper or extended- 
apply twice daily spray applicator must be used to 
apply the solution directly to the 
5% solution (men only), apply twice | scalp 
daily 
Foam: Place a capful in hand and 
5% foam (men only), apply twice __|apply foam directly to the scalp; 
daily monitor for hypertrichosis and skin 
irritation; wait 4 hours before 
washing or swimming; after 
applying, do not allow scalp to 
become wet from the rain; should 
not be used in pregnant or nursing 
women 
Anthralin cream 0.1%, 0.25%, 0.5%, and 1% creams |New hair growth becomes apparent 


(alopecia areata only) in 2-3 months 

Apply once daily; start with 5- 

minute duration of therapy at a time | Adverse effects include erythema, 
and work up to as long as | hour pruritus, scaling folliculitis, 
pyoderma, and regional 

After each application period, the —_| lymphadenopathy 

scalp should be rinsed thoroughly 

with cooL-to-lukewarm water and _| Withholding treatment for a few 
then cleansed with shampoo days results in rapid resolution of 
adverse effects; treatment then can 
be restarted, but anthralin should be 
left on for shorter periods 


Staining of clothes and skin can 
occur 


Topical steroids Twice daily application of an Typically not as effective as 

(alopecia areata only) intermediate-potency corticosteroid | intradermal steroid treatment 
solution or lotion to the entire scalp 

Primarily used in combination 

Commonly used agents: therapy and not monotherapy 

Fluocinolone acetonide cream 0.2% 

and betamethasone dipropionate Commonly used with corticosteroid 

cream 0.05% injections, anthralin, or minoxidil 


Treatment duration is a minimum of 
3 months before hair regrowth can 
be expected; maintenance therapy 
is often necessary 





INTRALESIONAL INJECTIONS 





Corticosteroids: triamcinolone Strength range: 2.5—-10 mg/mL, but | Hair grown usually apparent in 4 
acetonide the 5-mg/mL concentration is the weeks 
(alopecia areata only) most often used; inject 


intralesionally in multiple sites 1 cm | Treatment every 4-6 weeks as 
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ORAL TREATMENT 


5a-reductase inhibitors 


Corticosteroids: prednisone 
(alopecia areata only) 


Cyproterone 
(for use in women only; not 
available in the United States) 


Flutamide 
(for use in women only) 


Oral contraceptives 
(for use in women only) 


Spironolactone 
(for use in women only) 





apart; inject 0.1 mL into each site; a |needed 

maximum volume of 3 mL on the Adverse effects: local skin atrophy 

scalp in one visit is recommended _|and telangiectasia, which can be 
minimized by specifically injecting 

Use 0.5-inch long, 30-gauge needle | into mid-dermis rather than into the 
more superficial epidermis or the 
subdermal fat 


Topical anesthetic may be applied 
30-60 minutes before the treatment 
to alleviate injection pain 





Finasteride: Benefits not evident for 4 months or 
1 mg orally once daily (male and longer 

female) 

May be combined with minoxidil 
Dutasteride: 

0.5 mg orally once daily (male and_ |For women: rule out pregnancy 
female) before use; if child-bearmng age, use 
contraception 


For extensive or rapidly spreading [Seldom used due to adverse effects 
alopecia areata in adults >60 kg: 

40 mg prednisone daily x 7 days; Reserved for use with progressive 
then taper slowly by 5 mg every alopecia areata 

few days x 6 weeks 

Used in combination with topical or 
For less extensive alopecia areata: | injected corticosteroid therapy as 
20 mg prednisone daily or every well as with topical minoxidil 

other day followed by slow tapering | therapy 

in increments of | mg when hair 

loss is stable 


50 mg orally daily OR Rule out pregnancy before use; use 
50-100 mg for 10 days/month if contraception, if applicable 
premenopausal 

May be used with minoxidil 


Monitor for dyslipidemias, weight 
gain, depression 


250-500 mg orally daily Reserved for refractory disease due 
(doses of 250-375 mg may be less__|to potential for hepatotoxicity 
hepatotoxic) 


Ethinyl estradiol + drospirenone Efficacy studies are lacking 


Ethinyl estradiol + norgestimate Often combined with spironolactone 





Ethinyl estradiol + ethynodiol 
diacetate 


1 tablet orally at bedtime 
(low-androgenic-activity progestin) 


100-300 mg orally daily (often need | Rule out pregnancy before use; use 
>200 mg/day) contraception, if applicable 


oo9 


May be used with minoxidil 


Monitor serum potassium 
concentrations, blood pressure, 
dizziness 





PRIOR TO CANCER CHEMOTHERAPY 
Scalp cooling Involves applying a cooling turban |These methods may be detrimental 






around the scalp with tourniquet because of a possible reduction of 
pressure ranging from 30 to 50 mm |distribution of chemotherapy to 

Hg above systolic blood pressure 10 |intended areas or when 

minutes prior to drug administration |chemotherapy is being used for 

and then removed 30 minutes after | generalized hematogenic metastases 
drug administration or if there is a high likelihood of 
metastasis to the scalp such as in 


DigniCap breast cancer or lymphoproliferative 
(approved only for females with The silicone cooling cap is fitted disorders 
breast cancer) onto the head 30 minutes prior to 
chemotherapy; the cap is worn FDA concluded minimal risk of 
throughout the chemotherapy reduced chemotherapy to intended 
infusion and continued after therapy | areas when treating breast cancer 
depending on the chemotherapy 
drug and dose; this postinfusion The most common adverse effects 
cooling time usually lasts 30-150 of the cooling system include cold- 
minutes; once postinfusion cooling is | induced headaches, chills, neck and 
complete, the cap will be kept on shoulder discomfort, and pain 
the head for 15 minutes as the cap [associated with wearing the cooling 
warms up to diminish any cap for the required period of time 
discomfort 
DigniCap is not recommended for 
use in patients with hematological 
malignancies 
Hypothermia therapy Cool the scalp to at least 24°C for 5 


minutes before, during, and 20 
minutes after the infusion of 
chemotherapy 

AFTER CHEMOTHERAPY, IF SCARRING OCCURS 


Topical steroids (Clobetasol topical |Skin dryness; erythema 
solution) 


Acitretin 25 mg orally once daily 





Isotretinoin 15 mg orally twice daily 


COSMETIC OPTIONS 


Hairpiece, wig, hairstyling Often used by patients faced with 
temporary or permanent alopecia 


SURGICAL OPTIONS 





Hair transplantation Cylindrical grafts Can be expensive 


Elliptical grafts For more extensive balding, more 
than one method is necessary 
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Minigrafts and micrografts 


Scalp reduction 
Transposition flap 
Soft-tissue expansion 


MISCELLANEOUS OPTION 
Low-level laser therapy (LLLT) 655 nm wavelength Relatively inexpensive 





Focus light for several minutes to No adverse effects; can be 
each infected area combined with other methods 


FDA = U.S. Food and Drug Administration. 





Use of minoxidil for the prevention and treatment of chemotherapy-induced 
alopecia does not prevent the onset of hair loss but has shortened the duration or 
reduced the severity of the hair loss.7!*?”* In one study, minoxidil shortened the 
period of hair loss to regrowth from 137 to 50 days.” 

Minoxidil can be used for the management of any type of drug-induced hair 
loss. The American Academy of Dermatology guidelines recommend minoxidil as 
first-line treatment for androgenetic alopecia in men or women.?*> Minoxidil is the 
only topical agent with proven efficacy for androgenetic alopecia and is the only 
drug that is FDA-approved for hair loss for both men and women. The drug works 
by affecting the hair cycle, causing premature termination of the telogen phase, and 
may also prolong the anagen phase.*!> A 2% strength is available for both men and 
women and a 5% strength is approved only for men.!!!* For women who do not 
respond to the 2% strength, the 5% strength can be used, as it has been shown to 
provide greater patient satisfaction in one study.!' However, the incidence of 
hypertrichosis and scalp contact dermatitis were higher in association with the 5% 
strength as compared with the 2% strength.!! Minoxidil solution or minoxidil foam 
should be applied twice daily to a dry scalp. If the solution is used, a dropper or 
extended-spray applicator must be used to apply the solution directly to the 
scalp.!7:!°° A capful of the foam product should be applied directly to the scalp 
with the hands. Patients should be told that at least 4-6 months of treatment is 
necessary before the effects of minoxidil become evident, and maximum effects 
may not occur for approximately 1 year.!*!73 Adverse effects of tachycardia and 
hypotension are very rare (0.001%).!? 

Minoxidil treatment may be required indefinitely, unless therapy with the 
alopecia-inducing drug is discontinued. However, if minoxidil treatment is 
discontinued, some if not all of the regained hairs are shed within 3 months.!77° 
Minoxidil has been reported to cause scalp irritation, although the incidence is 
lower in association with the new foam product. In addition, the foam product 
contains much less propylene glycol, which is thought to be the cause of the contact 
dermatitis.'° 
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Oral medications are also available for androgen-induced alopecia. However, 
these drugs have not been studied for the management of drug-induced alopecia. 
Finasteride and dutasteride exert their effects by inhibiting 5a-reductase type 2, 
which results in a decrease in plasma dihydrotesterone (DHT) concentrations. 
Finasteride reduces plasma prostate-specific antigen (PSA) concentrations and, 
thereby, could impair early detection of prostate cancer. Monitoring PSA 
concentrations prior to treatment and annually is recommended taking into account 
its effect when interpreting the results.27! Finasteride has been on the market for 
years and has been widely used for the management of androgenetic alopecia in 
men, whereas dutasteride is relatively new for the treatment of androgenetic 
alopecia. Dutasteride 2.5 mg daily was found to be superior to finasteride 5 mg 
daily in increasing scalp hair growth in men.**! The difference may be that 
finasteride inhibits only one isoenzyme of 5a-reductase, resulting in a 70% 
reduction of serum DHT concentrations, while dutasteride inhibits both type 1 and 
type 2 isoenzymes, reducing serum DHT concentrations by 94—95%.**4 Adverse 
sexual effects of finasteride and dutasteride such as erectile dysfunction, low 
libido, and infertility are uncommon and resolve spontaneously in most patients 
even without discontinuing therapy.’ 


Despite initial failures of finasteride for treatment of women with androgenetic 
alopecia, more recent data have demonstrated clinical efficacy. One case found that 
dutasteride 0.5 mg orally once daily provided clinical improvement, accompanied 
by an increase in mean hair diameter, reduction in variability of hair diameter, and 
normalization of trichogram results in a 46-year-old female.*** Both finasteride and 
dutasteride are well tolerated by women.*** Dutasteride may have the potential for 
efficacy in the management of androgenetic alopecia in women as well as men if 
large, long-term studies demonstrate efficacy. 


Recently, topical formulations of finasteride and dutasteride (with and without 
topical minoxidil) have been used in men and women. Initial reports are promising; 


however, the necessary research to ensure efficacy and safety is lacking.””! 


For women, other oral antiandrogens that can be used to treat androgen-induced 
alopecia include spironolactone, cyproterone acetate (which is not available in the 
United States), and flutamide. However, flutamide is associated with hepatic 
toxicity and is rarely used.!°-'! Spironolactone, an aldosterone antagonist with 
antiandrogenic effects, is commonly used in women with androgenetic alopecia at 
doses of 100-300 mg daily.!? In patients taking spironolactone, periodic serum 
potassium concentrations should be determined, as the drug can cause 
hyperkalemia. In an unblinded trial of 80 women taking spironolactone 200 mg 
daily or cyproterone acetate 50 mg daily (or 100 mg for 10 days/month in women 
who were premenopausal), 85% of women in both groups experienced no 
worsening of female pattern hair loss. If oral antiandrogens such as finasteride or 
spironolactone are prescribed to females of reproductive age, pregnancy should be 
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excluded prior to use and oral contraceptive therapy or other methods of 
contraception should be prescribed concomitantly, as these agents are known 
teratogens.!!-!3 Oral antiandrogens have been used alone or in combination with 
topical minoxidil in men and women.!”!272° Some trials in men have shown 
superior efficacy when minoxidil is combined with finasteride. !* 


Newer oral contraceptives with antiandrogenic effects such as ethinyl estradiol 
in combination with drospirenone, norgestimate, or ethynodiol are potential 
treatments for female alopecia.’ Some premenopausal women _ taking 
antiandrogens are using these newer low-dose progesterone oral contraceptives to 
prevent pregnancy (because antiandrogens are teratogenic) while benefiting from 
their antiandrogenic effects. Unfortunately, topical and oral antiandrogens such as 
progestins and estrogens for the treatment of alopecia have not been studied in large 
trials, and the safety and efficacy of these agents are unknown. These drugs are not 
used in men because of the potential for sexual adverse effects.2©!®! 


There are no supportive data for using oral estrogens, spironolactone, 
cyproterone acetate, or flutamide to treat or prevent drug-induced androgenetic 
alopecia in males; however, a case report involving a male-to-female transsexual 
person with severe male androgenetic alopecia reported flutamide to be effective 
in partial reversal of hair loss.77! 


The treatment of alopecia areata centers on anti-inflammatory and 
immunosuppressive therapy. These treatments commonly include corticosteroid 
injections, corticosteroid topical products, minoxidil, and anthralin. The choice of 
one agent over another depends on the extent of condition (localized versus 
extensive), and the patient’s personal preference. If more than 50% of the scalp is 
involved, topical minoxidil plus either anthralin or topical steroid is typically used. 
Oral corticosteroids are also used at higher dose for 7 days followed by a taper 
over at least 6 weeks. Unfortunately, patients with alopecia totalis or alopecia 
universalis usually respond less well to treatment, and therapeutic failure occurs in 
most of these patients with any mode of management. If the hair loss involves less 
than 50% of the scalp, intralesional corticosteroid injections are usually prescribed 
first. Topical minoxidil, topical corticosteroid or oral prednisone can also be 
administered with the intralesional corticosteroid treatment or as 
monotherapy. !?>7!878 


Other less popular therapies with mixed reviews include psoralen and 
ultraviolet A phototherapy, topical immunotherapy, topical retinoids, bexarotene, 
sulfasalazine, methotrexate, and cyclosporine.!?>7!8?8 Psoralen and ultraviolet A 
phototherapy involve controlled exposure of the affected skin to ultraviolet light. 
The rate of response to this therapy is highly unpredictable (ranging from 15% to 
more than 70%). If treatment is successful, there is a relapse rate of 26%. 
Diphenylcyclopropenone is the drug of choice for topical immunotherapy, but it is 
associated with adverse effects of including cervical lymphadenopathy, a severe 
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eczematous reaction, urticaria, and postinflammatory pigment changes. Topical 
retinoids such as topical tretinoin lack data from large, double-blind, placebo- 
controlled studies. In one study of topical retinoids, efficacy was only 55% 
compared to 70% with topical steroids. In a study of bexarotene gel, only 26% of 
patients experienced hair regrowth in at least 50% of treated sites. Sulfasalazine, 
methotrexate, and cyclosporine are all oral immunomodulatory and 
immunosuppressive drugs with potentially harmful adverse effects and require 
blood monitoring for white cell counts, serum creatinine and blood urea nitrogen, 
hematologic toxicity (methotrexate and sulfasalazine), hepatotoxicity (methotrexate 
and cyclosporine), and serum drug, lipid, potassium, and magnesium concentrations 
(cyclosporine).7!°.72° 

An experimental treatment option for various types of alopecia is platelet-rich 
plasma (PRP), which involves subcutaneous cap injections of autologous plasma 
with >1,000,000 platelets. PRP contains high concentrations of growth factors to 
potentially stimulate hair regrowth. PRP can be used in combination with other 
treatments, is inexpensive, and lacks significant adverse effects; however, thus far, 
its efficacy remains controversial.22!729739 


NONDRUG THERAPY 


Cosmetic treatments are also available for addressing all types of drug-induced 
alopecia and are applicable to both men and women. Common cosmetic treatment 
options for temporary or permanent drug-induced alopecia include wigs, hair 
pieces, hair extensions, and hair weaves. There are also dyes available that can be 
sprayed or applied to the scalp that aid in camouflaging balding areas. Special 
hairstyling techniques also can be of benefit. These cosmetic measures often can 
produce satisfactory results. !° 


Surgical procedures are rarely needed for patients with drug-induced alopecia, 
but they are an option for patients with alopecia that is either permanent or severe 
or in situations in which therapy with the offending drug cannot be 
discontinued. !*!7> Hair transplantation or surgical hair restoration is popular with 
males with androgenetic alopecia. Robotic systems for harvesting hair follicles 
have been introduced that have improved this procedure. However, the efficacy of 
these systems has been disappointing for both sexes, due to a wide variation in 
results associated with different patient characteristics, surgical techniques, and 
skill levels of surgeons and teams. Another limitation is that these systems cannot 
arrest the progression of alopecia, which is a problem if the offending drug is 
continued.!?!??! Other surgical interventions include scalp reduction, transposition 
flap, and soft-tissue expansion procedures. Table 9-8 provides a list of the various 


treatment options for drug-induced alopecia 1,6,8,10,11,13,52,173,193,203,206-209,211,213,215- 
221 
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Low-level laser therapy is one of the newest nondrug treatments for alopecia. It 
has been studied for therapy of androgenetic alopecia but can be applied to 
alopecia areata and cancer chemotherapy-induced alopecia. Low-level laser 
therapy involves the use of low levels of red or near-infrared light, known as 
photobiomodulation or low-level laser therapy (LLLT), which is believed to work 
by inducing proliferative activity in the hair follicles resulting in terminalization of 
vellus hair follicles. There is some debate as to the optimal wavelength, but 655 nm 
is the wavelength used in clinical studies. LLLT is easy to use and resembles a 
hairbrush that one places on the head for a few minutes in the affected area while it 
emits the light therapy. LLLT is relatively inexpensive, can be used in both men and 
women, is associated with no known adverse effects, and can be easily obtained 
without a prescription. LLLT can be used both as monotherapy and in combination 


therapy, such as with topical minoxidil.!?!7?! 


INFORMATION FOR PATIENTS 


Patients experiencing hair loss, whether permanent or temporary, should be 
informed that it is safe for them to style, blow dry, and tease the hair and use hair 
spray, hair color, and permanents. This helps patients deal with the cosmetic effects 
of alopecia.!?*!°° Patients with alopecia often decrease the frequency of 
shampooing because they associate it with increased hair shedding. Patients should 
be educated regarding the hair growth cycle and should understand the cumulative 
nature of hair loss. With once-weekly shampooing, patients may experience 7 days’ 
cumulative hair loss at one time, while daily shampooing allows a more realistic 
assessment of the actual daily hair loss and improves scalp health.!73!77 


If significant alopecia occurs, head coverings, wigs, and hairpieces should be 
encouraged, and patients should be assured that these cosmetic devices will not 
interfere with hair regrowth. Use of these cosmetic aids may improve patients’ 
morale.> Patients also may benefit from use of a wide-toothed comb or soft-bristled 
brush and should be instructed to comb hair gently and to avoid excessive brushing, 
especially if undergoing cancer chemotherapy. Baby shampoo or a protein-enriched 
shampoo may be optimal in patients with alopecia, and use of a satin pillowcase 
will minimize friction. If alopecia is excessive, short hairstyles tend to disguise 
hair thinning, but enough length should be left to possibly allow for arrangement of 
hair to cover areas of baldness. If hair loss becomes pronounced, some patients 
prefer to shave the head, which may promote regrowth once the treatment 1s 
stopped. If a wig is worn, care should be taken to ensure that the lining is 
comfortable and not irritating. Applying baby oil, mineral oil, or ointment 
containing petrolatum and lanolin with some mineral oil and cod liver oil (which 
contain vitamins A and D) and massaging the scalp may reduce itching and keep the 
skin soft. Avoiding sun exposure helps protect the scalp.”4 
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Patients should be educated regarding the risk of alopecia when a potentially 
causative agent is prescribed. Although patients find hair loss to be disturbing, 
alopecia is often tolerable, provided that wigs are available and advance warning 
regarding hair loss is provided.” Patients should also be informed that hair 
regrowth following chemotherapy may involve new hair that is coarse and has a 
color change. Hair also may be thinner than it was prior to therapy.’*!°’ Patients 
should be counseled regarding proper nutrition, such as dietary protein intake, and 


should avoid fad or crash dieting while receiving medications with the potential to 


induce alopecia.!”’ 


Patients using topical minoxidil should be warned of its primary adverse effect, 
which is hypertrichosis or excessive hair growth. Hypertrichosis primarily occurs 
above the eyebrows, in the malar region, and on the lateral cheek area. 
Occasionally, hair growth is also noted above the lip and on the chin.! Some rare 
hair growth on the limbs has been noted in association with the 5% solution. Local 
adverse effects from irritation and contact dermatitis also have been reported with 
continued use.7°* Switching to the foam product may help minimize the risk of these 
adverse effects. Patients should be told that an increase in scalp hair shedding may 
occur during the first months of therapy as the follicles cycle from the telogen to the 
anagen phase. Patients should be informed that 4-6 months may be required before 
the effects of minoxidil become evident, and up to 1 year may be required for 
maximum effects.'* Patients should be warned that if minoxidil treatment is 
discontinued and the alopecia-inducing agent is still present, hair loss will 
resume. !!3.!7> After each use of the topical solution, the hands should be washed to 
avoid applying solution on other parts of the body. Topical minoxidil should remain 
on the scalp for at least 4 hours before showering or shampooing.!* When 
appropriate, it is important to assure patients that once the drug causing alopecia is 
discontinued, the alopecia tends to resolve. 


Patients taking 5a-reductase inhibitor therapy may experience decreased libido 
or impotence rarely during therapy that resolves spontaneously in most patients 
even without discontinuing therapy.*~ To prevent pregnancy in a partner of child- 
bearing age, men should use barrier contraceptives (even though the risk is 
negligible) and women of childbearing age should be told to use contraception, 
because these medications can lead to fetal abnormalities.!*!?7! Women who are 
prescribed antiandrogenetic medications should be warned, if applicable, not to 
become pregnant as these medications are teratogenic.!! Effects on libido and 
changes in menstrual patterns may occur. Because kidney function could be 
compromised, patients with severe heart failure should be instructed to have their 
serum potassium concentrations and kidney function measured at 3 days and 1 week 
after initiating therapy with spironolactone and with every increase in dose, then 
every 2-4 weeks for 3 months, then every 3 months for a year, then every 6 months 
thereafter. If serum creatinine is >4 mg/dL or serum potassium is >5 mEq/L, 
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interrupt or discontinue therapy. Spironolactone should be avoided in patients with 
kidney disease or conditions associated with hyperkalemia.”! 


HIRSUTISM AND HYPERTRICHOSIS 


Both hirsutism and hypertrichosis are patterns of excessive hair growth that may be 
highly distressing to patients. Hirsutism occurs only in women and involves 
excessive growth of hair with masculine characteristics or “male-like” pattern of 
hair growth on the body and face, usually as a result of excessive androgenic 
stimulation. The effects of androgens on the hair follicles differ based on the body 
site. Androgen excess can lead to suppression of growth of scalp hair as excess 
androgens cause androgen-sensitive hair follicles to shorten during the anagen 
phase, resulting in miniaturization of the scalp hair, less scalp coverage, and 
alopecia. Conversely, androgen excess can cause hair growth in women in a pattern 
consistent with androgen-sensitive areas such as the face, axilla, pubis, chest, 
buttocks, lower back, abdomen, inner thighs, and shoulders. This is primarily due 


to increased sensitivity of the pilosebaceous units to androgens. Androgen excess 


can also cause acne and menstrual irregularities.2!©73774 


In contrast, hypertrichosis is excessive hair growth that is independent of 
androgen influence. Hypertrichosis describes hair growth on any part of the body 
that is in excess of the amount that is usually present in persons of the same race, 
sex, and age. The hair growth is manifested by the uniform and superfluous growth 
of vellus (nonterminal) hair over the body, particularly in nonsexual areas. Unlike 
hirsutism, hypertrichosis can occur in both men and women. Drug-induced 
hirsutism can be induced by androgenic drugs, while drug-induced hypertrichosis 
usually is not associated with androgen production. | !61.235.23¢ 


CAUSATIVE AGENTS 
HIRSUTISM 


Drug-induced hirsutism is caused by androgenic agents such as danazol, 
testosterone, adrenocorticotropic hormones, and glucocorticoids (Table 9- 
Q) ,618,19,23,25,177,198,201,203,217,235-242 Hirsutism has been reported in 0.1% of women 
taking oral contraceptives. Hair growth has been reported on the face and is most 
likely caused by the progestin component. It may take some time for the hair growth 
to resolve following discontinuation. Hormone-replacement therapies containing 
moderate-to-high amounts of progestin are more likely to induce hirsutism.!7’7*° 
Valproic acid was shown in one prospective longitudinal trial in Indian women 
to increase serum testosterone concentrations and lead to polycystic ovary 
syndrome (POS). The incidence of hirsutism associated with valproic acid was 
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20%.7!74! Tt is debatable as to whether phenytoin, high dose glucocorticoids, and 
acetazolamide induce hirsutism versus hypertrichosis; these drugs are reported in 
the literature to cause hirsutism or hypertrichosis via an unknown 
mechanism.°!8!9.201217,236,239240 Cyclosporine and minoxidil are often listed in the 
nondermatological literature as causes of hirsutism (technically drug-induced 
hypertrichosis as this hair growth is independent of androgen influence).7!7?“ 


HAYPERTRICHOSIS 


Drugs associated with  hypertrichosis are listed in Table’ 9- 
10.6 18.19,21,201,217,235,238.243-269 The primary drugs known to cause hypertrichosis are 
cyclosporine, phenytoin, and oral and topical minoxidil. Other agents reported to 
induce hypertrichosis include diazoxide, erythropoietin, penicillamine, and 
psoralens.'873° Ophthalmic prostaglandin analogs have been well documented to 
cause hypertrichosis.”°! Drug-induced hyperprolactinemia can induce unwanted 
hair growth.*”? 

Cyclosporine-induced hypertrichosis usually occurs within the first 3 months of 
therapy, generally peaks at about 6 months and is dose dependent.” Patients taking 
cyclosporine for prevention of rejection following organ transplantation at doses as 
high as 6 mg/kg/day are at higher risk (30-60%) for hypertrichosis versus only a 
3% risk when taking lower doses (<5 mg/kg/day) for dermatological 
diseases.°79!271272 Children and adolescents are at higher risk of developing 
moderate-to-severe hypertrichosis associated with cyclosporine than adults. 
Children experience excessive hair growth on the scalp, arms, legs, upper lip, 
parotid area of the face, eyebrows, ear lobes, nose, and back of neck. In addition, 
adults experience increase in body hair. The condition is reversible upon 
discontinuation of therapy, but it may take months for complete resolution.2~ 

Long-term phenytoin therapy has been well documented as a cause of 
hypertrichosis (Figure 9-3), which typically occurs approximately 2—3 months after 
the initiation of therapy.'? The limbs and sometimes the face and trunk are the most 
commonly affected areas. Hypertrichosis is reversible upon discontinuation of the 
drug. Dose reduction, when possible, may attenuate abnormal hair growth.**° 

Both oral and topical minoxidil cause hypertrichosis that primarily affects the 
malar areas, forehead, and sides of the face. Facial hypertrichosis is believed to be 
due to a systemic effect or via the transfer of the drug from the hands.” 
Hypertrichosis may disappear after approximately 1 year, even if the medication 1s 
continued, and usually resolves in 1-6 months if minoxidil application is 
discontinued.'? Diazoxide can also lead to hypertrichosis that is often observed 
within a few weeks of initiating therapy and is more severe on the face and limbs. 
Diazoxide-induced hypertrichosis is reversible, but resolution can take as long as 2 
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years.°**! Erythropoietin, when used in patients with chronic kidney disease, can 
induce hypertrichosis. Erythropoietin-induced hypertrichosis is reversible upon 
discontinuation of therapy.° 


Table 9-9 Agents Implicated in Drug-Induced 
Hirsutism /8519,24,25,177,198,201,203,217,235-242 









Drug Incidence Level of Evidence* 


Acetazolamide236,c 


nw 
Q 


A 


Betamethasone6,19,c C 
Carbamazepine 18,201,237 K C 
Cortisone6,19,c 1-10% C 

C 





Corticotropin (adrenocorticotropic NK 

hormone )6,18,19,201,238 

Danazol6, 18,201,239 NK 

Dehydroepiandrosterone NK 

(DHEA)216,240,217 

Dexamethasone6, 19,c C 
Fludrocortisone6,19,c NK C 
Fluoxymesterone 18,177,201,203,235 NK’ 
Hydrocortisone6,19,c NK C 
Methylprednisolone6,19,c NK C 
Methyltestosterone18,177,201,203,235 C 
Metoclopramide 198 NK C 
Metyrapone201 NK Cc 
Nandrolone6,18,201 NK C 
Oral contraceptives/hormones with |NKb 6 





androgenic 
activitity18,177,201,217,235 





Oxandrolone 18,177,201,203,235 NK C 
Oxymetholone6,18,201 NK C 
Phenytoin19 NK C 
Prednisolone6,19,c NK C 
Progesterone6,19,24,201 C 
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Stanozolol6,18,201 


Testolactone 18,25,177,201,203,235 


NK a 
NK C 

Testosterone 18,177,201,203,235 C 
C 

C 


Triamcinolone6, 19,c NK 





Valproic acid217,241 NK 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bBelieved to be common in susceptible women. 


cIt is debated as to whether acetazolamide, glucocorticoids, and phenytoin cause hirsutism versus 


hypertrichosis. 


Vaccines have been reported to cause hypertrichosis. This may be due to a rare 
hypersensitivity reaction to aluminum-containing antigen solutions and_ the 
aluminum hydroxide in the vaccines. Affected areas often develop nodules with 


hyperpigmentation, hypopigmentation, hypertrichosis, and lichenification.?”° 


Table 9-10 Agents Implicated in Drug-Induced 


Hypertrichosis® 18,19,21,201,217,235,238,243-269 





a 


Drug Incidence Level of Evidence 


ANTIHYPERTENSIVES 


Minoxidil243,244 80% (oral)245,246 





22-46% (topical)247 


ANTICONVULSANTS 


Phenytoin6, 18,248,249,250, 8.5-12% A 
251202259 


ANTIVIRAL AGENTS 
Acyclovir254 


Zidovudine6, 18,201,238 





CHELATING AGENT 
eee ehhh 
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Penicillamine6,18,19,235 NK C 


CANCER CHEMOTHERAPY AGENTS 


Cetuximab? 1,255,256 1-10% C 
Erlotinib257 (eyelash trichomegaly; |1—10% C 
hypertrichosis) 

Everolimus21 1-10% C 
Sorafenib258 

Tacrolimus2 1 <15% C 


CORTICOSTEROIDS259,b 
Budesonide 18,201,217,235,238 
Betamethasone 18,201,217,235 
Cortisone 18,201,217,235 
Dexamethasone 18,201,217,235 
Fludrocortisone 18,201,217,235 
Hydrocortisone 18,201,217,235 


Methylprednisolone 1 8,201,217,235 


Z| Z| Z| Z| Z| Z| Z Z 
QD 


QO, a7aralralray;yayayayla 


Prednisone 18,201,217,235 NK 


Prednisolone 18,201,217,235 NK 





Triamcinolone 18,201,217,235 NK 


ERYTHROPOIESIS-STIMULATING AGENTS 





IMMUNOSUPPRESSANTS 
Cyclosporine6,201,260 
doses such as 6 mg/kg/day 
3% with doses <5 mg/kg/day 
INTERFERONSc 


Interferon alfa-N3235 


Interferon alfacon-1235 


Interferon alfa-2b235 


NK 

NK 

NK 
Peginterferon alfa-2a and alfa- NK 
2b235 


NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 
Benoxaprofen6,18 K C 





C 
C 
Interferon alfa-2a, recombinant235 |NK C 
C 
C 


| 


a7 


OPHTHALMIC AGENTS WITH PROSTAGLANDIN ANALOGSc 


Latanoprost18,235,261,262 Up to 77% 
Bimatoprost18, 235,261,262 Up to 77% 


Travoprost18,235,261,262 


PRENATAL EXPOSURE 
Alcohol abuse249 


Hydantoin249 

Minoxidil249 
PSYCHIATRIC DRUGS 
Aripiprazole2 1 
Citalopram263 


Phenothiazines6, 18,201 








Trazodone2 1 

RETINOIDS 

Tretinoin (retinoic acid)6,18,201 C 
VACCINES 

Bacillus Calmette-Guerin (BCV) NK C 
vaccination264 

Diphtheria-pertussis-tetanus265,266 C 
MISCELLANEOUS DRUGS 


Diazoxide 18,19,269 
Polidocanol21 
Psoralens6,18,238 


Streptomycin6,18,238 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bHypertrichosis reported in children using inhaled corticosteroids. 


cEyelash trichomegaly. 
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FIGURE 9-3 Hypertrichosis Caused by Phenytoin!? 


Source: Reproduced with permission from Bork K, ed. Cutaneous side effects of drugs. Philadelphia, PA: 
Saunders; Copyright©1988:249-58. 


Ophthalmic agents used to treat glaucoma that contain prostaglandin F analogs 
such as latanoprost, bimatoprost, and travoprost can induce trichomegaly of the 
eyelashes and can also darken the eyelashes. In one case report, latanoprost 
promoted the regrowth of eyelashes in a patient suffering eyelash loss due to 


alopecia.”°! 


EPIDEMIOLOGY 


The overall incidences of drug-induced hirsutism and hypertrichosis are unknown. 
The incidences of hirsutism and hypertrichosis associated with specific drugs, 
where known, are_ presented in ‘Table 9-9 and Table 9- 
10,6-18:19.21,23,25,177,198,201,203,217,235-269 Although neither drug-induced disease is 
considered to occur commonly, these are well-recognized complications associated 
with drugs such as anabolic steroids, cyclosporine, and minoxidil.74! When 
minoxidil is taken orally for at least 1 month, over 80% of patients experience 
reversible hypertrichosis.° Topical minoxidil has been reported to cause 
hypertrichosis in 3—5% of women using the 2% solution and in more than 5% of 
those using the 5% solution.**°7*” Erythropoietin has been reported to cause 
hypertrichosis in 13% of patients with chronic kidney disease. With the lower 
cyclosporine doses used in the treatment of dermatologic diseases, the risk of 
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hypertrichosis declines to approximately 3%.° The incidence of drug-induced 
hypertrichosis associated with diazoxide in children treated for idiopathic 
hypoglycemia is nearly 100%. Two investigators reported incidences of 
hypertrichosis of 2% and 6% in children receiving phenytoin. Another study found 
that 35% of children experienced hair growth; however, this report included cases 
in which only moderate hypertrichosis occurred.*”* Hirsutism is known to affect 5— 
15% of women, but drugs are not a frequent cause.*!° Drug-induced hypertrichosis 
appears to be less common than hirsutism except in the treatment of organ 
transplantation with cyclosporine therapy, during which drug-induced hirsutism 1s 
manifested in 30-60% of patients. 


MECHANISMS 
AIRSUTISM 


Terminal hair (coarse, longer, pigmented hair) is found primarily on the scalp and 
eyebrows. Vellus hair is the short fine, unpigmented hair found in all other areas. 
As androgen concentrations increase during puberty, the vellus hair of androgen- 
sensitive follicles is converted to terminal hair. Exposure to exogenous androgens 
such as testosterone can also cause vellus hair to be converted to terminal hair 
resulting in drug-induced hirsutism (Table 9-11). !9:!9)177201216217,235-239,242,275-277 
Nondrug-related hirsutism is commonly associated with hormonal abnormalities 
associated with POS. Hirsutism involving virilization, especially in women over 
25 years of age, is commonly associated with an androgen-producing tumor. Drug- 
induced androgenic stimulation of hair follicles is a less common cause of 
hirsutism.*°>’~78-78! Hyperinsulinemia can also lead to hirsutism via inhibition of 
aromatase, the enzyme that converts testosterone to estrogen. Valproic acid can 
cause hirsutism by provoking hyperinsulinemia.*’® 


HYPERTRICHOSIS 


Although mechanisms of hypertrichosis are not well understood, it is, by definition, 
not associated with androgen excess or exposure to androgenic agents. The 
disorder is not common and describes an increase in nonsexual hair. Hypertrichosis 
may be congenital (e.g., Hurler syndrome, fetal alcohol syndrome, or trisomy 18 
syndrome), or associated with anorexia nervosa, malnutrition, hypothyroidism, 
porphyria, epidermolysis bullosa, dermatomyositis, or following skin trauma. It 
also can be caused by drugs that stimulate hair growth.7*!?”?” Hair growth 
induced by erythropoietin may be caused by a decrease in plasma cortisol 
concentrations. At higher serum concentrations, cortisol has been shown to inhibit 
follicular activity. Many antipsychotic agents are known to _ cause 
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hyperprolactinemia, which can indirectly cause hypertrichosis. The mechanism of 
cyclosporine-induced hypertrichosis is unknown and appears to be independent of 
androgens as the hair grows in nonandrogen dependent sites and no other androgen 
effects are present like virilization. Pre- and postcyclosporine treatment studies 
showed no significant difference in testosterone, DHEA, and hydroxyprogesterone 
concentrations. Cyclosporine may exert its effect on skin structures as it is highly 
lipophilic and accumulates in the skin.2*! The proposed mechanism of diazoxide- 
induced hypertrichosis involves altered cutaneous blood flow leading to changes in 
hair growth.*! 


Table 9-11 Mechanisms of Drug-Induced Hirsutism and 


18,19,177,201,216,217,235-239,242,275-277 





Hypertrichosis 

HIRSUTISM DRUGS Mechanism 
Acetazolamide2>© Androgenic activity 
Androgens/anabolic steroids 18.1772 16,217,235,239,275,276 Androgenic activity 
Carbamazepine 18,201,237 Androgenic activity 
Contraceptives/hormones with androgenic Androgenic activity 

4 ctivity 18.177,216,217,235,239,275,276 

Corticosteroids /8.20 1,217,235 Androgenic activity 
Corticotropin (adrenocorticotropic hormone) 18,19,238 Androgenic activity 
Metoc lopramide~ 16 Androgenic activity 
Phenytoin!? Androgenic activity 
Valproic a cid2 16,217,242,277 Androgenic activity 

HYPERTRICHOSIS DRUGS 


All offending agents Stimulates hair growth* 


aMechanism is unknown. 


Several underlying pathologic conditions are associated with acquired 
generalized hypertrichosis, such as human immunodeficiency virus-infection (HIV) 
and acquired immunodeficiency syndrome (AIDS). Patients with HIV or AIDS can 
experience eyelash trichomegaly or a generalized form of hypertrichosis. The 
pathogenesis remains unknown but may be multifactorial, associated with 
malnutrition, metabolic changes, and immunologic dysregulation, such as elevated 


serum interferon concentrations. In addition, drugs such as interferon and 


zidovudine may contribute to hypertrichosis.?*> 
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Hypertrichosis can appear after a head injury or other cerebral disturbances. 
Hypertrichosis was originally attributed to phenytoin therapy administered 
following head injury, but hypertrichosis has also occurred in patients with head 
injury who have not received phenytoin. Malnutrition and anorexia nervosa may, in 
rare instances, lead to hypertrichosis. Excessive hair growth of the limbs and trunks 
has been recorded in children with celiac disease as well as in young women on 
low-carbohydrate diets.7°* These acquired conditions as well as conditions such as 
juvenile hypothyroidism and malignancy are rare causes of hypertrichosis, and the 
mechanism is not fully understood. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


AIRSUTISM 


Signs and symptoms associated with drug-induced hirsutism and hypertrichosis are 
listed in Table 9-12.7!°7!7735 Women with drug-induced hirsutism present with 
excessive hair growth in a somewhat masculine pattern, such as the appearance of 
coarse facial hair in the upper lip or chin area. The chest, lower abdomen, back, 
and limbs also may be affected.**? Patients with hirsutism often present with other 
dermatologic symptoms of virilization, such as acne, androgenetic alopecia, and 
seborrhea oleosa.° A physical examination typically facilitates differentiation 
between hirsutism and hypertrichosis. The Ferriman—Gallwey scoring system for 
hirsutism (Figure 9-4), which evaluates hair growth in nine body areas, can be 
helpful.?!°7!7.284 The nine body areas that are androgen-sensitive are graded from 0 
(no terminal hair) to 4 (frankly virile) to obtain a total score. A normal score is less 
than 8.7!62!7.274.284 A careful medication history should be obtained, and patients 
should be questioned regarding the onset and progression of hair growth, family 
history of similar disorders, exposure to skin irritants, menstrual and reproductive 
history, presence of hair loss, acne, and any changes in extremity or head size, 
facial contour, or weight.°37!62!7.274 


Table 9-12 Signs and Symptoms Associated with Drug-Induced 


Hirsutism and Hypertrichosis 16,217,235 





Hirsutism 


* The development of larger, curlier, and darker hair in a male pattern; examples of sexual hair: mustache, 
beard, inner thighs, chest, back, buttocks area, and/or abdomen found on women 


* Ferriman—Gallwey score®: score of 8 or higher 
May be associated with 
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* Elevated serum testosterone concentration; the normal upper limit for total plasma testosterone 
concentrations in women is 70—90 ng/dL 

* Insulin resistance 

* A total plasma testosterone concentration that is normal or marginally elevated (within approximately 20 
ng/dL of the upper limits of normal) in the absence of other features of concern (polycystic ovary syndrome, 
risk of neoplasm, risk of endocrinopathy, thyroid dysfunction, metabolic syndrome) probably indicates 
idiopathic hirsutism or idiopathic hyperandrogenism 

* Pelvic ultrasonogram: polycystic ovaries or neoplasm 

¢ Menstrual irregularities 

* Metabolic syndrome (central obesity, hypertension, glucose abnormalities, and dyslipidemias) 


HAypertrichosis 


* Hair growth is distributed in a generalized, nonsexual pattern on men or women; the hair involved may be 
vellus, lanugo, or terminal hair 

¢ Hair growth normally involves face, limbs (front and back), eyelashes, elbows, pinnae auris, elbows, anterior 
or posterior neck, lumbosacral region or trunk 


+ Ferriman—Gallwey scale*: score of <8 
* No elevation in free testosterone concentrations following start of hypertrichosis-inducing agent 
* No laboratory test evaluation required 


aSee Figure 9-4 for the Ferriman—Gallwey scoring system for hirsutism.216,217 


FIGURE 9-4 The Ferriman—Gallwey Scoring System for Hirsutism? !°?!7 


Source: Rosenfield RL. Hirsutism. N Engl J Med. 2005; 353:2578-88. Copyright© Massachusetts Medical 
Society. Reprinted with permission from Massachusetts Medical Society. 


During evaluation of hirsutism, it 1s important to rule out nondrug causes such 
as POS, ovarian tumor, adrenal tumor, hyperprolactinemia, congenital adrenal 
hyperplasia, Cushing syndrome, diabetes, and thyroid disease.*?7!67!7274285 In 
particular, in women with epilepsy who present with hirsutism, POS should be 
excluded. POS is characterized by hyperinsulinemia due to insulin resistance, 
which promotes androgen production. Women with epilepsy have a higher 
incidence of POS and higher plasma androgen concentrations, which medications 
may further exacerbate. Laboratory evaluations for patients with hirsutism should 
include measurement of serum total and unbound testosterone, DHEA, DHEA 
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sulfate (DHEA-S), follicle-stimulating hormone, luteinizing hormone, and prolactin 
concentrations. An ovarian tumor is considered when the total serum testosterone 
concentration is >200 ng/dL in the presence of a mildly elevated DHEA-S 
concentration.!’’ For drug-induced hirsutism, the history of hair growth is very 
important in determining whether androgenic drugs have been used because most 
androgenic drugs are not detected by testosterone assays except for valproic acid, 
which increases plasma testosterone concentrations.*!’ Drug-induced hirsutism 
should be suspected in female patients with hair growth exhibiting masculine 
characteristics who have been exposed to drugs known to have androgenic effects. 
Conditions to consider in the differential diagnosis of drug-induced hirsutism and 
hypertrichosis are listed in Table 9-13.!7774!787°6 Tn addition, specific diagnostic 
tests that can be used to differentiate drug-induced hirsutism from other causes of 


hirsutism are listed in Table 9-14.7”07”4 


Table 9-13 Conditions to Consider in the Differential Diagnosis 
177,241,285,286 





of Drug-Induced Hirsutism and Hypertrichosis 


¢ Adrenal tumor 

* Congenital adrenal hyperplasia 
* Cushing syndrome 

* Diabetes 

* Familial 

* Hyperprolactinemia 

¢ Idiopathic 

* Insulin resistance 

¢ Ovarian tumor 

* Polycystic ovary syndrome 
* Thyroid disease 
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Table 9-14 Clinical and Diagnostic Evaluation of Hirsutism’??*?”??”4 


























Diagnosis Abnormal Laboratory Values Other Tests 
Drugs/familial/idiopathic Laboratory values are within 
normal limits 
+- + + 
Congenital adrenal Cortisol Low to normal ACTH stimulation test can be 
hyperplasia helpful for diagnosis 
I T T 
DHEA-S High to normal 
Testosterone High to normal 
17-o.-hydroxyprogesterone High 
Polycystic ovary syndrome Follicle-stimulating hormone | Low to normal Insulin, glucose, and lipid 
concentrations 
Luteinizing hormone Normal to high 
prolactin 
} + + 
Testosterone Normal to high 
Tumors Cortisol High Imaging? 
. Adrenal tumor DHEA-S Normal to high | 
e Ovarian = +— 
+ Pituitary Testosterone High Imaging 
| Testosterone | High Imaging* 
+ 
Prolactin High 











ACTH = adrenocorticotropic hormone, DHEA-S = dehydroepiandrosterone sulfate. 
*Plasma prolactin concentrations may be high if drug-induced (e.g., risperidone) hyperprolactinemia is present. May need venous 
catheterization to help identify a tumor when imaging is negative in the face of strong clinical suspicion. 


AYPERTRICHOSIS 


In patients with hypertrichosis, the excessive hair growth involves terminal and/or 
vellus hair and a nonmale pattern of hair growth is noted on areas of the body 
where the hair is normally short. Hypertrichosis may be generalized or 
circumscribed and is independent of hormone stimulation.° Examples of 
hypertrichosis in a male patient include hair in the forehead area or coarser, 
prominent hair on one area of the shoulder or forearm?*’ Drug-induced 
hypertrichosis should be suspected in male or female patients who exhibit 
abnormal growth of nonsexual hair (nonandrogen-dependent hair) and who are 
taking potentially causative drugs that are not associated with increased androgenic 
activity.7!’7*4! Drug-induced hypertrichosis usually becomes apparent within a 
few weeks to a few months following initiation of therapy.®!??*>7*’ Diazoxide 
induces hair growth within a few weeks after initiation of treatment.° Phenytoin- 
induced hypertrichosis may not appear until after 2-3 months of therapy.**’ Topical 
minoxidil induces hair growth after approximately 4 months of therapy, whereas 
systemic minoxidil causes hypertrichosis within a few weeks of treatment 
initiation.°7*> Hypertrichosis induced by cyclosporine may become evident within 
the first month of therapy, but symptoms generally worsen over the first 6 months of 
therapy before remaining constant.4! After the offending drug is stopped, 
hypertrichosis resolves within several months to 1 year depending on the hair 
cycling characteristics of the affected site (i.e., if face is involved, resolution 
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generally occurs within 3 months; resolution of hypertrichosis involving the arms 
requires approximately 1 year).?*> 


RISK FACTORS 


Women who are already at risk for hirsutism from other causes, such as menopause, 
pregnancy, excessive ovarian androgen production, family history of hirsutism, and 
those of Mediterranean origin may be at greater risk of hirsutism or experience 
more pronounced hirsutism when exposed to medications with androgenic 


effects.77°782.283.285 Risk factors for drug-induced hirsutism are summarized in 
Table 9-15, 177.216.235,270,283,286 


Table 9-15 Risk Factors for Drug-Induced 


Hirsutism! 7 7:216,235,270,283,286 





* Female sex 

¢ Drug administration 
o Higher doses 
o Intravenous route 
o Longer duration of exposure 

* Combination of two or more drugs that can cause hair growth 

* Cushing syndrome, hyperprolactinemia, acromegaly, thyroid dysfunction, and tumors 

¢ Drug interactions that lead to increased serum concentrations of drug that cause hirsutism 

¢ Endocrine abnormalities, such as insulin resistance 

* Female patients already at risk for hirsutism 

* Genetic predisposition 

¢ Hormonal abnormalities, such as menstrual irregularity, endometrial cancer, polycystic ovary syndrome, 
infertility 

* Metabolic abnormalities, such as metabolic syndrome often involving central obesity, hypertension, glucose 
abnormalities, and dyslipidemia 


Drug dose and duration of therapy can be risk factors for drug-induced 
hirsutism and hypertrichosis, as some drugs induce hair growth only at higher doses 
and following long-term exposure. For instance, the risk of hypertrichosis 
associated with cyclosporine is lower in patients taking smaller doses for the 
management of dermatologic diseases compared with patients taking higher doses 
for other indications.© The addition of tretinoin solution to topical minoxidil 
therapy leads to increased absorption of minoxidil and an associated increased risk 
of hypertrichosis.7°* Children and adolescents appear to be at greater risk for 
cyclosporine—induced hypertrichosis than adults.7*! 

In prepubertal children, hypertrichosis is typically not associated with an 
underlying endocrine disorder but is commonly an adverse effect of drug 
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administration.7°° Concomitant administration of two or more drugs known to cause 
abnormal hair growth increases the risk, as do drug interactions that lead to 
increased serum concentration of a hirsutism-provoking drug. Increased serum 
concentrations of drugs that induce hypertrichosis usually increase the risk; 


however, psoralen-induced hypertrichosis appears not to be dose-related.2+!?/4 
Table 9-16 summarizes risk factors for drug-induced hypertrichosis. 87°74! 


Table 9-16 Risk Factors for Drug-Induced 
6,235,241,283 





Hypertrichosis 


¢ Drug administration 
o Higher doses 
o Intravenous route 
o Longer duration of exposure 
* Combination of two or more drugs that can cause hair growth 
¢ Drug interactions that lead to increased serum concentrations of drug that cause hypertrichosis 
¢ Acquired immunodeficiency syndrome 
¢ Anorexia nervosa 
¢ Familial trait or congenital 
¢ Head injuries and other cerebral disturbances 
* Hepatic porphyria caused by chemical exposure such as hexachlorobenzene 
¢ Juvenile dermatomyositis 
¢ Juvenile hypothyroidism 
* Malignancy 
¢ Malnutrition 


MORBIDITY AND MORTALITY 


Drug-induced hirsutism and hypertrichosis, while often unpleasant, are not 
associated with increased morbidity or mortality. 


PREVENTION 


Drug-induced hair growth is best prevented by avoiding the use of agents known to 
cause hirsutism or hypertrichosis, especially in patients with pre-existing risk 
factors. Patients should not be exposed to two or more drugs with a known 
potential to cause abnormal hair growth unless absolutely necessary. Lower doses 
and shorter periods of exposure to potentially causative drugs are also advised.° 
Using a contraceptive medication with a lower progestin content may be of benefit 
in reducing the risk of hirsuitism.!? The potential for minoxidil-associated 
hypertrichosis is increased if the topical solution is accidentally transferred to the 
face from the hands or from residual minoxidil on pillows, bed sheets, and 
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garments. Topical minoxidil also may be distributed via local intravascularization, 
but this is not normally preventable.!??7*°78” Avoiding drug interactions that lead to 
increased serum concentrations of drugs that cause hirsutism or hypertrichosis is 
also important, especially if the hirsutism or hypertrichosis is dose-dependent. 
Table 9-17 provides some approaches to help prevent drug-induced hirsutism and 
hypertrichosis. !8235:241274283 


Table 9-17 Approaches to Help Prevent Drug-Induced 


Hirsutism and Hypertrichosis!8,235,241,274,283 





¢ Avoid drugs with potential to induce hirsutism or hypertrichosis when possible 

* Use the lowest possible dose of the potentially causative agent 

¢ Avoid, when possible, the use of multiple drugs with the potential to cause hirsutism or hypertrichosis 

¢ Limit the duration of exposure 

* Use the oral route rather than the intravenous route whenever possible 

¢ Avoid drug interactions that could increase serum concentrations of drugs with the potential to cause dose- 
dependent hirsutism or hypertrichosis; adjust appropriately doses of renally-eliminated or hepatically- 
metabolized drugs with the potential to cause hirsutism or hypertrichosis in patients with kidney or liver 
disease, respectively 

¢ Identify any family history of androgenetic alopecia, hirsutism, amenorrhea, or infertility prior to initiating 
therapy with medications known to cause hirsutism or hypertrichosis to allow the clinician to identify and 
correct potential risk factors 


MANAGEMENT 
HIRSUTISM 


Medications for managing hirsutism include those that inhibit androgen action at the 
hair follicles and suppress androgen production. Response to these medications 1s 
very slow, and desired effects may not be evident for 6 months or more; 
consequently, hair removal techniques may also be warranted. Clinical management 
of drug-induced hirsutism includes discontinuing the causative agent, if possible, 
administering topical pharmacological treatment, using cosmetic procedures for 
hair removal, using light sources and lasers for hair removal, and administering 
oral systemic drug therapy (oral contraceptives, antiandrogens, So-reductase 
inhibitors).?°> 

A detailed list of the topical and nonpharmacologic procedures for the treatment 
of both hirsutism and hypertrichosis is provided in Table 9-18.7!°73>744290 


Systemic agents used for the treatment of hirsutism are listed in Table 9- 
19, 161,186,211,216 
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Table 9-18 Cosmetic Measures for Management of 


216,235,244,290 





Hypertrichosis and Hirsutism 


Cosmetic Measure | Information 


Bleaching 


Chemical depilatories 


Electrosurgical epilation 


Light source and laser 
treatments 


Commercial products contain persulfate to boost peroxide bleach but can lead 
to anaphylaxis 

Home product: 40 mL hydrogen peroxide + 7 mL 20% ammonia 

Apply to hair and leave on hair until the color is removed (average time is 5— 
10 minutes) 

Duration of effect: Up to 4 weeks 

Disadvantages: Does not work well for dark-skinned patients; skin irritation 


Chemicals that damage the hair leading to breakage at the skin’s surface 

Thioglycolates are commonly used in concentrations of 2—4% and act within 
5—15 minutes 

Duration of effect: ~1 week 


Disadvantage: Potent skin irritant; not for use in children unless for small 
localized sites to avoid toxicity from systemic thioglycolate absorption 


Adverse effects: Skin irritation, allergic contact dermatitis, and, with 
inadvertent eye contact, corneal alkali burns 


Three types of electrolysis: Galvanic electrolysis; thermolysis electrolysis; 
blend method of electrolysis (considered the most effective) 

Considered a permanent mode of hair removal 

Target: Localized coarse hair 

Duration of effect: Hair regrows in 20-40% of the follicles treated 

Disadvantage: Expensive, painful, requires multiple treatment sessions and is 
time-consuming 

Adverse effects: Hyperpigmentation or hypopigmentation, perifollicular 
inflammation, punctate scarring 


Several effective systems available: Ruby laser, alexandrite laser, diode laser, 
neodymium:yttrium-aluminum-garnet (Nd:YAG) laser, and intense pulsed- 
light sources (590—1,200 nm) 

Longer pulse durations and longer wavelength lasers such as the Nd:YAG 
laser should be used on dark skin to lessen risk of scarring or 
dyspigmentation; these lasers are less efficacious but involve less risk to 
skin; pulsed diode lasers are generally more reliable and less expensive 
than other laser sources for hair removal; Q-switch YAG lasers are 
optimal for darker skinned patients; however, they are ineffective for 
permanent hair removal 

Duration of effect: Permanent hair removal often occurs primarily in patients 
with dark hair after multiple treatments, although hyperpigmentation is a 
risk 

Patients with blonde, red, or white hair may not have permanent hair removal, 
but the regrowing hairs are thinner and more lightly pigmented 

Disadvantages: Cost and rare adverse reaction of thermal damage-related 
cutaneous side effects (blistering, crusting, scabbing, pigmentary alteration, 
scarring); if occurs, this usually requires treatment with topical 
corticosteroid or topic antibiotic 
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Adverse effects: Pain/discomfort (icing treated areas postprocedure is 
helpful); immediate perifollicular edema and mild erythema, which lasts 
~munutes to hours following treatment 

Plucking Appropriate for targeting only small areas, as it is painful, slow, and tedious 

Duration of effect: Up to 2 weeks 


Adverse effects: Hyperpigmentation; folliculitis, distorted hair follicles, 
scarring 


Risk of metaplastic ossification 
Shaving Does not affect the rate or width of regrowth; it will, however, result in 
stubble that grows out without the softer and finer unshaven hair tip 
Duration of effect: 24 hours 
Disadvantages: Requires daily shaving; skin irritation 
Topical hair growth retardant Eflornithine hydrochloride, 13.9%; topical cream applied twice daily; slows 


(cell-cycle inhibitor) excessive hair growth but does not remove excessive hair; noticeable 
results take about 6-8 weeks; patients must also use hair removal methods 


Clinical trials have shown efficacy for facial hirsutism improvement 
Target: Facial areas of unwanted hair growth 
Contraindications: Pregnancy, breastfeeding 


Disadvantages: Expensive; hair grows back after discontinuation; must use 
hair-removal techniques 
Adverse effects: Burning, stinging, acne, rash may occur at application site 


Trimming Does not accelerate hair regrowth 
Good option for young children with either local or generalized hypertrichosis 
Duration of effect: ~24 hours or longer 
Disadvantage: Hypertrichosis may still be noticeable 
Waxing Cold, warm, or hot wax is applied to the area of unwanted hairs; then the 
wax Is stripped off, thus epilating the embedded hairs 
Target: Any vellus hairs in all areas of the body 
Duration of effect: 2-6 weeks 
Disadvantage: Poor results when attempting removal of short hair 
Adverse effects: Pain, skin irritation, folliculitis 


If the offending medication can be discontinued, then no treatment is needed if 
the excess hair growth is mild. Discontinuation of therapy with some drugs (e.g., 
cortisol) usually leads to resolution of hirsutism? However, drug-induced 
hirsutism is not always reversible, and resolution, when it does occur, may require 
longer than 6 months after discontinuation of therapy. In this case, if the hair growth 
is moderate to severe, or if the patient cannot tolerate even mild hirsutism, short- 
term use of cosmetic procedures, topical pharmacologic treatment for hair removal, 
or both may be desirable. 

If the causative agent cannot be discontinued, a variety of treatment options 
exist. Nonsystemic drug treatment is appropriate for mild hirsutism. For patients 
with moderate-to-severe hirsutism or those with mild hirsutism who desire more 
aggressive treatment, systemic therapy should be considered along with 
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nonpharmacologic and topical treatments. Weight loss in overweight women can 
decrease serum concentrations of androgens and lessen hirsutism.7”° 


Measures include bleaching, wax stripping, shaving, plucking (tweezing), using 
hair-removal creams (depilatories), and electrolysis. The FDA has approved 
electrolysis as an option for permanent hair removal, because it has been 
associated with a 30% reduction in the number of hair follicles. Laser therapy is a 
newer development, and several types are available, including the ruby, 
alexandrite, pulsed diode, and Q-switched yttrium-aluminum-garnet (YAG) lasers. 
Pulsed-diode lasers are often more reliable and less expensive than other laser 
sources for hair removal. Q-switched YAG lasers work best for darker-skinned 
patients with dark hair. Unfortunately, laser therapy is not always effective for long- 
term hair removal. After a single laser treatment, hair growth is delayed for 2—6 
months, and hair removal is permanent in some patients after multiple treatments. 
The cost of these approaches is sometimes an issue, because most patients require 
repeated treatments.7!6770.280 


Oral contraceptives containing lower amounts of androgenic progestins (e.g., 
norgestimate desogestrel, ethynodiol diacetate, gestodene, and norethindrone 
acetate) are preferable for the management of mild to moderate hirsutism. This 
treatment should reduce the need for shaving by 50% and can usually arrest the 
progression of hirsutism but will not reverse it.2!© Women with clinically 
significant hirsutism may require therapy with an androgen-inhibiting agent either 
as monotherapy or in addition to oral contraceptive treatment.?!®?!97277 The 
addition of the oral contraceptive ensures menstrual cycling and minimizes the risk 


of pregnancy, as antiandrogens and a,-reductase inhibitors are teratogenic.7!° It has 


been reported that combined therapy with an oral contraceptive and an androgen- 
receptor inhibitor may produce clinical improvement in up to 75% of women with 


hirsutism.2/° 
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Table 9-19 Common Medications Used for Treatment of Hirsutism?!1611%2!1.216217 


Type of 
Therapy 


Androgen 
inhibition 


Androgen 
suppression 


5c-reductase 


inhibitors 


Other 
hormones 


Antiandrogenic drugs 





Spironolactone 


Cyproterone (not available 
in the United States) 


Flutamide 


Ethinyl estradiol + drospire- 
none OR ethinyl estradiol + 
norgestimate OR ethinyl 
estradiol + ethynodiol dia- 
cetate (all low androgenic 
activity) 


Finasteride 1-5 mg orally daily Lack of contraception 


Dutasteride 


Glucocorticoids 


Gonadotropin-releasing 
agonists 


50-100 mg orally twice 
daily (300 mg daily for 
pronounced hirsutism 

or for obese patients) 


Induction: 50-100 mg 
orally at bedtime, days 
5-15 of the menstrual 
cycle 


Maintenance: 5 mg 
orally at bedtime, days 
5-15 

125-250 mg orally 
twice daily 


1 tablet orally at bed- 
time (higher estrogen 


doses may be necessary 


in heavier women for 
menstrual regularity) 


0.5-2.5 mg orally daily 


Example: prednisone 
5-7.5 mg orally at 
bedtime 

Leuprolide acetate, 
depot suspension 

7.5 mg monthly intra- 
muscularly, with 


25-50 meg transdermal 
estradiol 


Lack of contraception, 
kidney disease, liver 
failure 


Lack of contraception 


Lack of contraception; 
liver disease 


Breast cancer, smok- 

ing, history of throm- 
bosis, cardiovascular 

disease, uncontrolled 
hypertension 









Lack of contraception 


Uncontrolled diabetes; 


obesity 


Osteoporosis 


Contraindications/ 
Precautions Major Adverse Effects 


Teratogenic; irregular men- 
strual bleeding unless oral 
contraceptive administered; 
decreased libido; nausea; 
hyperkalemia; hypotension; 
liver dysfunction 
Teratogenic; irregular men- 
strual bleeding unless estro- 
gen administered cyclically; 
decreased libido; nausea 


Teratogenic; reserved for 
severe hirsutism because of 
hepatotoxicity 

Irregular vaginal bleeding, 
venous thrombosis, bloating 


Teratogenic; minimal adverse 
effects in females 
Teratogenic; limited data on 
dutasteride use in hirsutism; 
minimal adverse effects in 
females 

Changes typical of Cushing 
syndrome; adrenal atrophy 


Osteoporosis without 
estrogen-progestin 
replacement 


include spironolactone, flutamine, and cyproterone. 


Spironolactone and flutamine are the most widely used and are equally effective. 
Spironolactone is an aldosterone antagonist and appears to be the safest androgen- 
receptor inhibitor. Flutamide may cause hepatotoxicity, and liver function should be 
monitored in patients receiving this agent. Cyproterone is not available in the 
United States. Therapy with spironolactone or cyproterone often provides 
significant attenuation of hirsutism within 6 months and maximum benefit within 9— 


12 months.7!° 
Other hormonal therapies include finasteride, a 5a-reductase inhibitor that has 


been shown to be effective for the treatment of hirsutism. However, finasteride is 
teratogenic, causing feminization in male infants exposed to finasteride during the 
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first trimester; therefore, while not contraindicated in women of childbearing 
potential, finasteride is recommended only for women who are postmenopausal 
with no chance of becoming pregnant. If used in premenopausal women, measures 
must be implemented to prevent pregnancy. Finasteride is usually reserved for 
severe or refractory cases of hirsutism. Once initiated, treatment should be 
continued for at least 2 years for maximum benefit.?7”°7’? Combination therapy with 
finasteride and spironolactone demonstrated additive reduction in hirsutism 


scores.29629! 


Dutasteride, also a 5a-reductase inhibitor, has not been extensively studied for 
the management of hirsutism. Other hormonal therapies include glucocorticoids and 
gonadotropin-releasing hormone agonists. The efficacy of glucocorticoids for drug- 
induced hirsutism is unknown. Gonadotropin-releasing hormone agonists are 
considered alternatives to oral contraceptives.”!° 


Treatment with eflornithine, a topical hair growth inhibitor, has been shown to 
reduce rates of hair growth. Eflornithine therapy results in the reduction of the 
frequency of use of other methods of hair removal. Eflornithine is indicated for 
facial hirsutism and is marketed as an 11.5% topical cream that is applied twice 
daily. The cream is effective for slowing excessive hair growth but not for 
removing excess hair. The cream must remain on the skin for at least 4 hours. 


Unfortunately, if therapy is discontinued, hair growth will likely return.!777°>7°? 


AYPERTRICHOSIS 


Although drug-induced hypertrichosis nearly always resolves after discontinuation 
of therapy with the causative agent, reversal of hair growth takes time. During that 
period, cosmetic methods for hair removal are suggested and are effective (Table 
9-18).23°774280 Consequently, the management of drug-induced hypertrichosis 
includes discontinuation of therapy with the offending agent, if possible, as well as 
nonsystemic approaches including cosmetic procedures for removal of excess hair; 
hair removal using light sources and lasers; and topical pharmacologic treatment.?°> 
Systemic therapy with agents such as antiandrogens or oral contraceptives should 
not be used. Treatment with eflornithine may be effective for hypertrichosis. See 
Table 9-19 for details on eflornithine. !°!:!862!1.216 


Cosmetic measures for the treatment of hirsutism include bleaching, wax 
stripping, shaving, plucking (tweezing), using hair-removal creams (depilatories), 


electrolysis and laser therapy. A discussion of these measures is provided in Table 
9-1 8 .216,235,244,290 
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Patients should have realistic expectations regarding the time frame for resolution 
of drug-induced hirsutism and hypertrichosis, and must understand that it may take a 
long time for these conditions to resolve even after therapy with the causative agent 
is discontinued. When certain medications are used to treat hirsutism, hormonal 
suppression for several months or longer may be necessary before reduction of hair 
growth becomes evident.2!*!78* When oral drug therapy is used to manage 
hirsutism, patients should be instructed that treatment must continue during therapy 
with the causative agent. For patients with drug-induced hypertrichosis, when the 
offending drug is discontinued, resolution of excess hair growth may require 
several months to 1 year, depending on the hair-cycling characteristics of the site of 
hypertrichosis. For example, it takes an average of 3 months for hypertrichosis 
resolution if the excess hair growth is on the face but an average of | year if the 


excessive hair growth is on the arms.”*> 


Patients with drug-induced hirsutism or hypertrichosis should be counseled 
regarding the potential benefit of cosmetic measures, and these can be encouraged 
even if oral therapy is prescribed. Patients should be informed of the cosmetic 
options available, their adverse effects, duration, effectiveness, and cost. Inform 
patients that although shaving can lead to a stubble-like hair, it does not worsen 
hirsutism. Depilating agents, though effective, can cause chronic skin irritation and 
may even worsen hair growth if used excessively or indiscriminately. Waxing or 
plucking in androgenized skin may lead to folliculitis and trauma to the hair shaft, 
and does not kill the hair follicles. Methods that can permanently destroy the hair 
follicle, such as electrolysis and laser, often work well, but require time to be 
effective. These methods may also be costly and usually require repeated 
treatments.7!°7!7,280 
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CHAPTER 10 





Seizures 


Timothy E. Welty 


Seizures, including those induced by drugs, are serious neurologic events; without 
prompt and proper recognition, diagnosis, and treatment, seizures can result in 
permanent neurologic deficits. Drug-induced seizures can present as a single 
limited seizure event, convulsive status epilepticus, or nonconvulsive status 
epilepticus. It is important to rapidly recognize drug-induced seizures and to 
provide immediate, effective treatment. 


CAUSATIVE AGENTS 


Numerous drugs have been identified as possible causes of seizures. Because drug- 
induced seizures are relatively rare events, it is difficult to determine incidence and 
causality for many drugs. Most reports of drugs causing seizures are based on 


individual cases, epidemiologic studies, and very few prospective studies.! A list 
of drugs associated with seizures is presented in Table 10-1.!->7 
Drugs can induce seizures in a number of clinical situations. The scenario that 


most people recognize is the setting of an intentional or unintentional overdose. 
Seizures can also occur as an adverse effect of a drug even when administered at 
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therapeutic doses. These events are not predictable and may occur even in patients 
with no history of or risk factors for seizures. Abrupt discontinuation of therapy 
with some drugs can also result in a seizure. Many illicit drugs are associated with 
this type of seizure. In addition, ethanol, baclofen, antiepileptic drugs, and 
benzodiazepines may be associated with withdrawal seizures. Caution must be 
exercised when using an antagonist to one of these drugs because of the potential 
for precipitating a seizure. 


EPIDEMIOLOGY 


First-time seizures from all causes occur with an incidence of 70—100 per 100,000 
individuals annually.*® Of these, 23-61 per 100,000 are single events in patients in 
whom epilepsy does not develop. The mortality rate associated with a first 
unprovoked seizure is 14%. Limited data indicate that seizures as a toxic 
complication of drugs comprise approximately 6% of new onset seizures, and 
nearly 9% of cases with status epilepticus are related to drug toxicity.°”*° The 
incidence of pediatric cases of drug-induced seizures was reported as 4.7% in an 
analysis of data from the Toxicology Investigators Consortium Case Registry.*! 


Table 10-1 Agents Implicated in Drug-Induced Seizures!-37 












Drug Level of Evidence* 
ANTIARRYTHMICS 

Lidocaine 1 

Mexiletine2 

ANALGESICS 

Hydromorphone3 C 
Tramadol6,7 B 
ANESTHETICS 

Propofol8,9 

Sevoflurane 10-12 50-100% 

ANTIBIOTICS 


SS 


Carbapenems 13 


Cephalosporins 14 
Fluoroquinolones3 


Penicillins 14 





ANTIDEPRESSANTS 
Bupropion15,16 


Tricyclic/tetracyclic 
antidepressants 16,17 





ANTIEPILEPTIC DRUGS 


Benzodiazepines3 B 
Carbamazepine 18-20 A 
Felbamate21 NK B 
Oxcarbazepine 12,18 NK C 
Phenobarbital3 NK B 
Phenytoin3 B 
Topiramate3 B 





ANTIMALARIAL DRUGS 
Hydroxychloroquine23 NK B 


ANTINEOPLASTIC DRUGS 
5-fluorouracil24,25 


NK 
SS 
Chlorambucil24 
Interferon 03,26 
Methotrexate24 


ANTIPSYCHOTIC DRUGS 
Phenothiazines28-30 


Clozapine3 1,32 





Haloperidol3,32 

ASTHMA DRUGS 

CONTRAST MEDIA 

Iodinated and noniodinated3 0.2—0.5% B 


15%d 
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HERBAL COMPOUNDS 





Ephedra (Ma huang)33 NK B 
Eucalyptus34,35 NK C 
Gingko34,35 NK C 
Ginseng34,35 NK C 
Pennyroyal34 NK C 
Sage34 NK C 
Shankhapusphi (Ayurveda)34 NK C 
Star anise34 NK C 
Star fruit34 NK C 
IMMUNOSUPPRESSANTS 


Cyclosporine3 0.5—3.9% B 


STIMULANT DRUGS FOR ADHD 
Atomoxetine36,37 


Methylphenidate37 





ADHD = attention deficit/hyperactivity disorder, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bUsed alone. 


cUsed in combination with other antibiotics. 


din patients with brain metastases. 


The precise incidences of seizures induced by specific drugs are unclear. One 
of the first reported studies on drug-induced seizures by the Boston Collaborative 
Drug Surveillance Program found a rate of 0.08% in 32,812 patients.** Another 
review of emergency cases of status epilepticus showed that ethanol ingestion and 
drug overdose were responsible for 13% and <5%, respectively, of these cases.” 
Twenty-five percent of the seizures related to a drug overdose were fatal. A review 
of 1993 data from the California Poison Control System showed that cyclic 
antidepressants, stimulants, antihistamines, theophylline, and isoniazid were the 
most common causes of drug-induced seizures.*+ A follow-up to this study 10 years 
later showed that the most common causes of drug-induced seizures were 
bupropion, diphenhydramine, cyclic antidepressants, tramadol, amphetamines, 
isoniazid, and venlafaxine.*> Of patients included in this series, 68% had a single 
seizure, 27% had more than one seizure, and 3.6% experienced status epilepticus. 
In a study of drug-induced seizures among children, the most common causative 
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agents were antidepressants and anticholinergics/antihistamines.*! In this study, 
sympathomimetics were the most common causative drugs in children younger than 
2 years old. However, these data are derived only from calls to poison centers or 
admissions to an emergency department and do not account for drug-induced 
seizures that occur outside these settings. Most likely, the incidence of drug-induced 
seizures is greater than is reflected in these reports. Even so, drug-induced seizures 
are relatively rare events that typically occur as a single, isolated seizure. 


ANALGESICS 


Tramadol is associated with drug-induced seizures. In a review of 190 cases of 
tramadol toxicity reported to a poison control center, 13.7% of patients 
experienced a seizure.° A similar study reported that 55% of patients with tramadol 
intoxication experienced a seizure.’ Ninety percent of these seizures were single 
events, and 84% occurred within 24 hours of ingesting a toxic dose. Chronic use of 
tramadol predisposed these patients to a seizure. Most cases are associated with 
toxic doses or prolonged chronic use, but seizures are possible at therapeutic 


doses, especially in patients with underlying epilepsy.’ 


ANESTHETICS 


Although propofol is used in the treatment of refractory status epilepticus, it is also 
associated with drug-induced seizures. Several case series have suggested that 24— 
40% of patients receiving propofol experience seizures or epileptiform 
electroencephalogram (EEG) activity during induction, emergence, and recovery 
from anesthesia.*” 

Sevoflurane is associated with a high incidence of drug-induced seizures. 
Studies of EEG activity during the induction of anesthesia have shown epileptiform 
activity in 50-60% of children and adults, and this increases to nearly 100% of 
patients when combined with hyperventilation and hypocapnia.!®!! Additional 
study of EEGs 1n patients receiving sevoflurane has demonstrated a dose-dependent 
relationship in the EEG change.!* At a 1.5 minimum alveolar concentration, 
epileptiform EEG discharges were present in 100% of patients. 


ANTIBIOTICS 


Carbapenems have been reported to cause seizures. Approximately 0.9% of 
patients taking imipenem as monotherapy experience a seizure.!* The incidence of 
seizures in patients taking imipenem in combination with other antibiotics is 2—3%. 
In one study, 28% of m = 21 children treated with imipenem for bacterial meningitis 
experienced a seizure.*° In contrast, meropenem caused no seizures in a study of 


411 


adult patients with bacterial meningitis.’ In another study, 12% of children 
receiving therapy with meropenem experienced a seizure.*® 

Cephalosporins are associated with neurotoxicity, with 10% of individuals 
with neurotoxicity experiencing convulsive seizures and another 10% having EEG- 
confirmed nonconvulsive status epilepticus.4? About 50% of these cases were 
related to inappropriate dose adjustment in kidney disease. Penicillins have also 
been associated with seizures, typically in association with inappropriate dosing in 
patients with acute kidney injury or chronic kidney disease. !4 

There are several case reports of seizures associated with isoniazid, especially 
in children.°? Reports of seizures with other antibiotics include quinolones and 
macrolides.°! However, it is difficult to determine if the seizure resulted from the 
antibiotic or complications of an infectious process. 


ANTICHOLINERGICS 


In a study of drug-induced seizures in adults, nearly 10% of the cases were 
associated with ingestion of an anticholinergic agent.“ A study in pediatric patients 
showed that 22% of children with drug-induced seizures had ingested an 
anticholinergic agent or antihistamine.*! Diphenhydramine, chlorpheniramine, and 
doxylamine were the most common anticholinergic agents associated with drug- 
induced seizures in children. 


ANTIDEPRESSANTS 


Overdoses with tricyclic antidepressants are responsible for over 40% of seizures 
encountered in the emergency department.!7?°? Most of these seizures are 
generalized tonic-clonic seizures, but partial seizures may occur in individuals with 
a history of epilepsy.*2> 

Other antidepressant agents can cause seizures in the setting of an overdose. 
Approximately 2% of patients with an overdose of a selective serotonin reuptake 
inhibitor experience a seizure.>? Overdose of bupropion is also associated with a 
high incidence of seizures.!° 

Antidepressant drugs may also cause seizures at therapeutic doses. The 
incidence varies from approximately 0.1% with lower doses of imipramine to over 
2% with higher doses of bupropion.*” The risk of seizures appears lowest with 
trazadone, fluoxetine, and fluvoxamine. In contrast, the risk of seizures 1s highest in 
association with maprotiline, amoxapine, and bupropion, and these drugs should be 
avoided in patients with epilepsy. The risk of antidepressant-associated seizures is 
dose-dependent; for example, the incidence of seizures associated with bupropion 
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at doses above 450 mg/day is 24%, while at lower doses the incidence is 0.5— 
1%. 


ANTIEPILEPTIC DRUGS 


Paradoxically, antiepileptic drugs have been associated with drug-induced 
seizures.!”-?* It is unclear if the seizures were due to an actual adverse event 
associated with the antiepileptic drug, a result of pre-existing seizures, due to an 
overdose of the antiepileptic drug, or breakthrough seizures following 
discontinuation of the antiepileptic drug. 


ANTIFIBRINOLYTIC DRUGS 


Although antifibrinolytic drugs are considered to be safe, seizures have been 
reported with their use.* Unlike aprotinin, tranexamic acid and EACA (ce- 
aminocaproic acid) are associated with seizures.** Most reports of seizures are in 
patients who are in the early postoperative period following cardiac surgery.>>>° 
The incidence of seizures associated with tranexamic acid in retrospective studies 
is reported to be 0.5—1% with standard doses but increases to 6.4—-7.3% with 
higher doses (>100 mg/kg). In a prospective study, the incidence of tranexamic 
acid-induced seizures was 3%. Seizures associated with tranexamic acid also have 
been reported in patients with kidney disease, other surgeries, and hemoptysis. 


ANTIPS YCHOTICS 


Among older antipsychotic agents, chlorpromazine is associated with the greatest 
risk of seizures, with an incidence of 2.1%.7° At chlorpromazine doses <200 
mg/day, 200-900 mg/day and >900 mg/day, the incidence of seizures is 0.3%, 
0.7%, and 9%, respectively.*? Concomitant treatment with other psychoactive 
agents increases the risk of chlorpromazine-induced seizures. Other older 
antipsychotic agents, such as trifluoperazine and thiothixene, are associated with a 
much lower risk of seizures than chlorpromazine. 


Of the newer atypical antipsychotic agents, clozapine is associated with the 
greatest risk of seizures. The cumulative risk of seizures associated with clozapine 
over nearly 4 years of treatment has been estimated to be 10%.°! At clozapine 
doses <300 mg/day, the incidence of seizures is approximately 1%, which 
increases to 4% at doses >600 mg/day.** 


ANTINEOPLASTIC AGENTS 
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Approximately 13% of patients with cancer experience a seizure, and seizures 
account for 5% of neurologic complications.°’ Children with cancer are especially 
susceptible to seizures, which occur with a much higher incidence than in adults.*® 
The causes of seizures among patients with cancer vary greatly and include primary 
brain tumors, brain metastases, metabolic derangements, and medications.?2 Drug- 
induced seizures are more common during intensive cancer chemotherapy that 
involves prolonged hospitalization, in patients with liver or kidney disease, and 
with high doses of antineoplastic agents, such as those recommended in protocols 
for bone marrow transplantation. 


HERBAL MEDICINES AND TRADITIONAL 
CHINESE MEDICINE 


Several herbal medicines and ingredients have been connected with drug-induced 
seizures. Actual incidences in humans are unknown due to poor mechanisms for 
detecting, reporting, and tracking adverse effects associated with these 
products.*”? Administration of typical doses of some of these substances has 
resulted in a seizure incidence of nearly 100% in animal models. Herbal products 
associated with seizures include nux vomica (strychnine), [/licium henryi, betel 
nut, Morus alba L. (mulberry), ephedra, eucalyptus, Gingko biloba, pennyroyal, 
sage, shankhapushpi, star anise, and star fruit. 


STIMULANT DRUGS FOR ATTENTION 
DEFICIT/HYPERACTIVITY DISORDER 


Drugs such as methylphenidate and atomoxetine have been implicated as a cause of 
seizures in cases of overdose and abuse.°!* Early reports of seizures associated 
with drugs for attention deficit/hyperactivity disorder (ADHD) in children were 
complicated by the fact that this population is at increased risk for seizures. Two 
studies indicate that these drugs do not increase the risk of seizures in children with 
ADHD.°!. In one of these studies, children with epileptiform discharges on EEG 
were studied separately from those with normal EEG recordings.°!* Stimulant 
medications did not increase the risk of seizures in children with normal EEGs. A 
greater risk of seizures was reported in children with epileptiform discharges, but 
this could not be attributed to stimulant use. These data indicate that stimulant 
medications may be safely used in children with ADHD with little added risk of 
seizures. 


MECHANISMS 
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Seizures are acute neurologic events resulting from hypersynchronous and 
hyperactive discharges of neurons. The precise mechanisms that result in this type 
of neuronal activity are poorly understood, in part because there are multiple 
causes of hypersynchronous activity. Proposed mechanisms of action of 
antiepileptic drugs involve excitatory neurotransmitters, ion channels (sodium, 
potassium, and calcium), and inhibitory neurotransmitters, providing limited 
understanding of the pathophysiology of seizures. However, other mechanisms are 
likely involved in the genesis of seizures due to toxicity and overdoses of 
medications. 


Although specific mechanisms are not fully understood, there is some limited 
insight regarding potential mechanisms of seizures induced by some drugs. 
Proposed mechanisms by which specific drugs induce seizures are summarized in 
Table 10-2.°-7°-’© Meperidine is a well-documented causative agent in drug- 
induced seizures, most likely as a result of accumulation of the active metabolite 
normeperidine. The mechanism of seizures induced by penicillin and carbapenems 
is believed to be inhibition of the inhibitory neurotransmitter gamma-aminobutyric 
acid (GABA). Seizures caused by theophylline overdose in children, adults, and 
the elderly may occur as a result of saturation of hepatic metabolism of the drug, 
resulting in progressive theophylline accumulation. Premature infants may be 
somewhat protected from theophylline-induced seizures because of the different 


metabolic pathways for theophylline in immature hepatic enzyme systems. 


Table 10-2 Mechanisms of Drug-Induced Seizures 


Drug 


5-fluorouracil65 


Mechanism 


Genetic polymorphism of dihydropyrimidine 
dehydrogenase leading to accumulation 


Bupropion66 Increased noradrenergic activity 

Carbapenems49 GABA antagonist; NMDA agonist 

Cisplatin67 Hypomagnesemia, hypokalemia, hyponatremia 

Clozapine3 Anticholinergic activity and reduced affinity for striatal 
dopaminergic receptors 

Cyclosporine68 Direct neurotoxin 

Fluoroquinolones69 Displacement of GABA from receptors 

Tramadol7 Increased neuronal excitability 


Interferon «70 
Isoniazid7 1,72 


Maprotiline 73 


Increased neuronal excitability 
Disruption of pyridoxine metabolism 


Increased noradrenergic activity 
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Meperidine3 Accumulation of metabolite, normeperidine, with CNS 
excitation activity 


Methotrexate 74 Mineralizing microangiopathy of cerebral vasculature 
Penicillins3 GABA antagonist 

Phenothiazines75 Dopamine antagonist activity 

Theophylline64 Disruption of pyridoxine metabolism 

Tricyclic antidepressants76 Increased noradrenergic activity 


CNS = central nervous system, GABA = gamma-aminobutyric acid, NMDA = N-methyl-D-aspartic acid. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


A major problem with drug-induced seizures is accurate detection and diagnosis. 
The clinical presentation of seizures may be variable, ranging from decreased 
levels of consciousness to a major generalized tonic-clonic event (Table 10-3). 
Symptoms of a seizure can be extremely subtle, and unless caregivers are aware of 
the various presentations of seizures, these symptoms can be overlooked or 
misdiagnosed. In addition, seizures are usually brief and unpredictable events, 
complicating detection and diagnosis. Caregivers of individuals who are at 
increased risk for drug-induced seizures and who are receiving medications known 
to cause seizures should be trained regarding the typical symptoms of a seizure, 
including alteration of consciousness and uncontrolled muscle movement of part or 
all of the body. 


Table 10-3 Signs and Symptoms Associated with Drug-Induced 


Seizures 


* “Blacking out” spells, lapses in memory 

¢ Sudden, unexplained alteration in consciousness 

* Daydreaming 

* Falling 

¢ Shaking or convulsions of all limbs 

¢ Jerks, shoulder shrugs 

¢ Sudden episodes of various stereotypical sensations or automatic, uncontrolled movements 





Seizures generally last for seconds to a couple of minutes, but drug-induced 
seizures can develop into status epilepticus, which requires immediate medical 
intervention. Patients with status epilepticus may not experience convulsions, but 
may present only with decreased levels of consciousness. When a patient 
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experiences unexplained alterations in consciousness, seizures should be 
considered as a possible diagnosis. 


Although the clinical presentation of a seizure is the primary method of 
detection, a definitive diagnosis is only possible with an EEG. Many other 
disorders are associated with clinical presentations that are similar to those of 
seizures (Table 10-4). The EEG should demonstrate abnormal neuronal activity that 
is consistent with a seizure. An EEG 1s preferably performed during a seizure to 
ensure that the abnormal activity is recorded, but the brief duration of most seizures 
makes this difficult to accomplish. Between seizures, the EEG can be completely 
normal, and is not helpful in determining whether the patient had a seizure. 
However, an abnormal EEG between seizures is indicative of an ongoing 
propensity for further seizures. The EEG should be performed by a skilled EEG 
technician and interpreted by a neurologist. It is particularly important to 
distinguish drug-induced seizures from seizures caused by neurological injuries or 
lesions, such as in patients with cancer, who may have brain metastases. Seizures 
that occur due to antineoplastic drug therapy may not be ongoing, and can often be 
treated or prevented by dose adjustments of chemotherapy agents. Criteria have 
been developed to assist in determining whether seizures are drug-induced or due 
to a different cause, and include development of encephalopathy and seizures soon 
after administration of a cancer chemotherapy agent, exclusion of metabolic and 
structural causes, and exclusion of seizures due to other drugs.7*»” 


Table 10-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Seizures 





* Seizures due to other causes 

¢ Anxiety or panic attack 

* Cardiac arrhythmia 

* Complicated migraine headache 
* Hypoglycemia 

* Psychogenic events 

° Stroke 


* Syncope 
° Tics 
¢ Transient ischemic attack 


Beyond seizures associated with antineoplastic therapy, it 1s important to 
determine the risk for ongoing seizures, which would result in a diagnosis of 
epilepsy. Most drug-induced seizures are single events associated with the 
presence of the toxic agent. When therapy with the offending drug is discontinued, 
further seizures do not recur. However, if the patient experiences additional 
seizures after discontinuation of the causative drug with sufficient time for the drug 
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to be eliminated, it is likely that epilepsy has developed and maintenance treatment 
should be initiated with an antiepileptic drug. 


RISK FACTORS 


Precise risk factors for drug-induced seizures have not been clearly identified. 
Possible risk factors for drug-induced seizures are listed in Table 10-5. Drugs 
known to cause seizures at therapeutic doses should be used with caution in 
patients with a history of epilepsy or seizures, or in patients with pre-existing 
neurological disorders involving the central nervous system. However, a history of 
epilepsy is not an absolute contraindication to therapy with drugs that may be 
associated with seizures, and treatment decisions should be made on an individual 
basis. Patients with compromised kidney or liver function are at risk for the 
accumulation of renally eliminated or hepatically metabolized drugs. For example, 
the risk of meperidine-induced seizures is increased sevenfold in patients with 
kidney disease.* In other patients, disorders or infections that compromise the 
blood-brain barrier may allow excessive penetration of a drug into the central 
nervous system and result in seizures. Finally, drugs known to cause metabolic 
disruptions such as hyponatremia or hypoglycemia could produce seizures, and 
serum sodium and/or glucose concentrations should be monitored carefully when 
using these drugs. Antiepileptic drugs can cause seizures when a drug is improperly 
chosen for management of a seizure or epilepsy syndrome. Juvenile myoclonic 
epilepsy is an example of an epilepsy syndrome that can be exacerbated by the use 
of the incorrect antiepileptic drug. Carbamazepine and oxcarbazepine have been 
shown to increase the risk of myoclonic and absence seizures in patients with 
juvenile myoclonic epilepsy.'®!°?? Accurate diagnosis of seizure and proper 
selection of an antiepileptic drug therapy are essential to prevent worsening of 
seizures in this patient population. In addition, discontinuation of antiepileptic 
drugs can precipitate seizures, especially in patients with epilepsy. This typically 
occurs in association with abrupt discontinuation of an antiepileptic drug, but 
seizures can occur even during controlled withdrawal of therapy.?°°? Withdrawal 
seizures have been reported in association with discontinuation of therapy with 
carbamazepine, oxcarbazepine, phenobarbital, phenytoin, felbamate, and 
benzodiazepines. Seizures resulting from the discontinuation of antiepileptic drugs 
can be severe and result in status epilepticus. 





Table 10-5 Risk Factors for Drug-Induced Seizures 


* History of epilepsy or seizures 

* Cancer 

* Compromised blood—bramn barrier 
¢ Pre-existing neurological disorders 
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* Concomitant use of central nervous system stimulant drugs 
* Impaired metabolism of hepatically metabolized drugs in patients with liver disease 
¢ Impaired elimination of renally eliminated drugs in patients with kidney disease 


Seizures associated with antiepileptic drugs are most likely to occur with doses 
resulting in supratherapeutic serum concentrations. For example, serum phenytoin 
concentrations >30 mcg/mL have been associated with seizures.’* Topiramate has 
also been reported to cause seizures at supratherapeutic doses.”? In addition, drug- 
induced metabolic disturbances such as hyponatremia induced by carbamazepine or 
oxcarbazepine result in seizures. 

Seizures associated with fluoroquinolones are relatively uncommon, and often 
occur in patients with a prior diagnosis of epilepsy, neurotrauma, or anoxia.®? Some 
evidence exists that concomitant use of nonsteroidal anti-inflammatory agents 
increases the risk of fluoroquinolone-induced seizures. There appears to be a 
relationship between the chemical structure of the fluoroquinolone and_ the 
propensity to cause seizures. Compounds that contain the 7-piperazine or 7- 
pyrrolidine moieties (e.g. ciprofloxacin, enoxacin, norfloxacin, tosufloxacin, 
clinafloxacin) have an increased potential to cause seizures.! The majority of 
reported cases of carbapenem-induced seizures have occurred in patients with 
kidney disease or a compromised blood-brain barrier, allowing greater penetration 
of the drug into the brain. 


Theophylline-induced seizures can occur at any dose. Older children, adults, 
and the elderly are particularly vulnerable to seizures associated with theophylline, 
especially in overdose. In one case series, seizures related to theophylline 
developed in 6% of elderly patients.*? 


MORBIDITY AND MORTALITY 


Drug-induced seizures are typically single events of short duration that are 
associated with a low risk of morbidity or mortality. However, during these events, 
an individual may experience an injury, such as lacerations or broken bones from 
falling, or may injure others if the seizure occurs while driving a motor vehicle or 
operating equipment or machinery. It is unlikely that typical drug-induced seizures 
result in repeated seizures, as may occur in patients with epilepsy. 

Status epilepticus occurs rarely as a result of drug-induced seizures, but 1s 
associated with increased morbidity and mortality. Uncontrolled, prolonged 
seizures can result in permanent neurologic damage and increase the risk of ongoing 
seizures. Additionally, uncontrolled status epilepticus can result in death. 
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PREVENTION 


As the mechanisms and causes of drug-induced seizures are diverse, it is difficult 
to describe specific plans for prevention (Table 10-6). Caution should be exercised 
when using medications known to cause seizures in patients with a history of 
epilepsy or seizures. Efforts should be made to ensure proper dose adjustments of 
drugs in patients with kidney or liver disease. Increased monitoring of metabolic 
function parameters may be helpful in preventing seizures due to drug effects on 
serum chemistry and homeostasis. Premedication and combination anesthesia may 
reduce the risk of seizures associated with sevoflurane. To minimize the risk of 
seizures, pretreatment with benzodiazepines and/or narcotics and concomitant use 
of nitrous oxide have been suggested.® In addition, hypocapnia should be avoided 
and a maximum of 1.5 minimum alveolar concentration of sevoflurane should be 
used during anesthesia to prevent sevoflurane-induced seizures. 


Table 10-6 Approaches to Help Prevent Drug-Induced Seizures 


¢ Appropriate dose adjustment of potentially seizure-inducing drugs in patients with liver or kidney disease 

¢ Appropriate monitoring of laboratory values (e.g., serum electrolytes, kidney function, liver function, serum 
glucose concentrations) 

¢ Avoid concomitant use of drugs that are central nervous system stimulants 

¢ Avoid abrupt discontinuation of therapy with drugs with central nervous system activity 


To reduce the risk of withdrawal seizures, therapy with antiepileptic drugs 
should be withdrawn over 1—2 months, unless potentially life-threatening adverse 
effects are occurring, in which case more rapid discontinuation of therapy is 
warranted. Care should be taken to ensure proper doses and laboratory monitoring 
of antiepileptic drug therapy, including serum antiepileptic drug concentrations, 
serum electrolyte concentrations, and kidney and liver function tests. 

Appropriate dose adjustment of penicillins and carbapenems in patients with 
kidney disease or a compromised blood-brain barrier is the best method of 
preventing seizures associated with these agents. These drugs and fluoroquinolone 
antibiotics should be used with caution in patients with a history of seizures. 
Similarly, other drugs, such as hydroxychloroquine and antipsychotic agents should 
be used with caution in patients with a history of epilepsy.*+* Some have 
suggested initiating therapy with an antiepileptic drug in patients in whom therapy 
with clozapine is initiated in an attempt to prevent seizures.7® 

Many of the reported cases of seizures associated with ephedra or ma huang 
occurred in patients without a history of epilepsy, and often occurred with the 
coadministration of other stimulant drugs, like phenylpropanolamine or caffeine.*+ 
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Clearly, other stimulant drugs should not be administered in combination with 
ephedra. 


MANAGEMENT 


Because drug-induced seizures can occur through a variety of mechanisms, 
treatment strategies should be approached carefully and should be individualized. 
The first step is to immediately discontinue the causative agent, or in the case of 
withdrawal seizures, to reinitiate therapy with the discontinued medication. If the 
risk of a second acute seizure appears to be low, then pharmacologic interventions 
to treat seizures are probably not necessary. However, if the risk of another acute 
seizure is high, then seizures should be treated aggressively. The focus of treatment 
is prevention of additional acute seizures. 


Some drugs induce seizures by altering metabolism leading to disorders such as 
hypoglycemia or hyponatremia. In these cases, the underlying metabolic 
abnormality should be identified and corrected before the initiation of therapy with 
drugs commonly used to treat seizures. Antiepileptic drugs are associated with 
numerous adverse drug reactions, and indiscriminate use should be avoided. 

Management of drug-induced seizures is dependent on the causative agent. 
However, a general treatment approach to seizures can be used.*° The key to 
treatment and prevention of additional seizures is rapid identification of the 
causative agent and rapid implementation of an appropriate treatment plan. When 
the likelihood of repeated acute seizures is low, more time is available to 
discontinue the offending agent or take alternative actions. 


The acute treatment of seizures typically involves provision of supportive care 
followed by drug therapy to control the seizures. Usually a benzodiazepine such as 
lorazepam, diazepam, or midazolam is administered to provide rapid control of 
seizures. Most patients respond to these measures. If seizures are not controlled or 
recur, administration of a benzodiazepine can be repeated or therapy with an 
antiepileptic drug can be initiated. New evidence suggests that phenytoin should be 
avoided when treating drug-induced seizures.*° In the very rare situations in which 
patients do not respond to additional doses of a benzodiazepine, other agents such 
as short-acting barbiturates, general anesthetics, exceptionally high doses of a 
benzodiazepine, or other antiepileptic drugs may be used. 

Benzodiazepines are usually effective in treating and preventing carbapenem- 
induced seizures, because benzodiazepines enhance GABA activity.®’ For patients 
with seizures induced by tricyclic antidepressants, benzodiazepines are the 
preferred drugs for treatment.!’ In this situation, phenytoin should be avoided, 
because of its lack of efficacy and the possibility of enhancing the arrhythmogenic 
effects of tricyclics. Benzodiazepines are recommended for the management of 
seizures induced by antimalarial drugs.°® However, benzodiazepines may not be as 
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effective for the management of theophylline-induced seizures.*? Theophylline may 
antagonize the effects of benzodiazepines, rendering them less effective. Therefore, 
barbiturates are the preferred agents for treating theophylline-induced seizures. 
Loading doses of phenobarbital or pentobarbital, 5-15 mg/kg, should be 
administered, with additional loading doses given until seizures terminate.” 
Patients should be intubated and mechanically ventilated prior to initiation of 
intravenous doses of barbiturates because of the respiratory and cardiovascular 
adverse effects of these agents. 


If it 1s determined that seizures are induced by an antineoplastic agent, the 
general recommendation 1s not to treat the seizures, when possible, but to adjust the 
cancer chemotherapy doses and regimen.”” Care should also be taken to address 
underlying metabolic changes associated with antineoplastic drugs that can result in 
seizures. However, if there are other potential causes of the seizures, especially 
central nervous system tumors, ongoing use of antiepileptic therapy is indicated. 


INFORMATION FOR PATIENTS 


As drug-induced seizures are rare events and are usually very short in duration, 
education of all patients regarding the seizure risk when receiving potentially 
seizure-inducing drugs may not be productive. Individuals who are at increased 
risk for seizures should be advised regarding signs and symptoms. Caregivers 
should be instructed concerning first aid for seizures. If a seizure occurs, caregivers 
should protect the patient from self-injury or injuring others by laying the person on 
his or her side, placing a pillow under the head, making sure the airway remains 
clear, and helping the individual become reoriented once the seizure subsides. In 
addition, timing the duration of the seizure with a clock 1s important, and emergency 
medical care should be called if a seizure lasts longer than 5 minutes or when a 
seizure occurs in an individual without a history of seizures. Forcing objects into 
the patient’s mouth or restraining the patient should never be attempted. In addition 
to instruction on managing seizures, individuals with a history of epilepsy should 
be advised to avoid medications that may cause seizures, particularly 
nonprescription drugs and herbal products, and to avoid abrupt discontinuation of 
antiepileptic agents. 
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CHAPTER 11 


Stroke 


Denise H. Rhoney 


Stroke, the fifth leading cause of death in the United States, refers to a sudden onset 
of focal neurologic deficit.'* There are two main types of stroke: ischemic and 
hemorrhagic. Drugs should always be considered as a possible etiology of either 
type of stroke. A secondary cause of drug-induced stroke could be associated with 
medications that induce other diseases discussed elsewhere in this text that are also 
risk factors for stroke, such as hypertension, hyperlidemia, or atrial fibrillation. 


ISCHEMIC STROKE 
CAUSATIVE AGENTS 


Drugs that have been reported to cause ischemic stroke are listed in Table 11-1.*>° 
Many of the agents listed in the table have been associated with both ischemic and 
hemorrhagic stroke. For many medications, the potential association with drug- 
induced stroke is controversial. 


There is substantial controversy as to whether oral contraceptives are a cause 
of stroke. Many studies have attempted to assess the possible relationship between 
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oral contraceptives and stroke, but the results are contradictory. Higher-dose 
formulations have been shown to increase the risk of stroke in specific subgroups 
of patients: smokers; those with hypertension; age >35 years; prior history of 
stroke; those with hyperlipidemia; and those with a history of migraine headaches. 
Although the potential increased risk of stroke appears to be diminished with 
lower-dose formulations of oral contraceptives, meta-analyses have reported 
conflicting results.°+>° Therefore, oral contraceptives should be used with caution 
in women at risk for stroke.°°*® The rate of ischemic stroke among users of the 
norelgestromin/ethinyl estradiol (Ortho EVRA) contraceptive patch is 
13.6/100,000 woman—years, which is similar to the stroke rate in users of 
norgestimate-containing oral contraceptives (11.3/1000,000 woman-years).*” 


Data from postmenopausal women receiving hormone replacement therapy with 
estrogen provide some additional information regarding the risk of stroke in 
patients receiving oral contraceptives. In the Women’s Health Initiative, a 
randomized trial of 16,500 generally healthy postmenopausal women, the 
combination of estrogen and progestin increased the relative risk of ischemic stroke 
by 44%.© Although patients in this trial were relatively healthy, they were 
substantially older than typical patients receiving therapy with oral contraceptives; 
therefore, it may not be appropriate to draw inferences from these results regarding 
the risk of stroke associated with oral contraceptive therapy in younger patients. 


Table 11-1 Agents Implicated in Drug-Induced Ischemic Stroke 


Level of 
Agent Incidence Evidence* 
Alcohol abuse (>5 drinks daily)3,4 B 

A 


Hormone replacement in postmenopausal |RR 1.31, 95% CI 1.02-1.68 
women27 


Intranasal phenoxazoline or 
oxymetazoline28 


nw 
Q 


| 
nw 
Q 


Intravenous immunoglobulin29 


Z 
nw 
oe) 
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Isometheptene mucate30 
Maryuana4,31 
Methylphenidate6 


Nicotine4,32,33 


Nonsteroidal anti-inflammatory agents34-36 


Olanzapine37-39,b 


Oral contraceptives (women age 25—44 
years >50 mcg estradiol)40,41 


Prothrombin complex concentrate42-44 
Recombinant factor VIla45 
Risperidone25,37,38,c 


Selective serotonin reuptake inhibitors46- 


QO 


S| 41 4 
| 
oe) 


> 


RR 1.8, 95% CI 1.3-3.6 
NK 


| 
nw 
Q)} W 


ve) 


0.9-10/100,000 
RR 2.8, 95% CI 1.2—4.4 


1.9% 


NKb 


2.88 per 1,000 person-years 


wm) WwW) Ww) > 


OR 1.48, 95% CI 1.08—2.02 


50,d 


Serotonin—norepinephrine reuptake NK B 
inhibitors48,d 
Tamoxifen52,53 RR 1.49, 95% CI 1.16-1.90 B 


CI = confidence interval, NK = not known, OR = odds ratio, RR = relative risk. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bPrimarily reported in patients with dementia; total of 39 cases reported. 


cA total of 151 thromboembolic events reported with rFVIIa in Food and Drug Administration Adverse Event 


Reporting System. 
dPrimarily reported with high doses. 


In December 2004, the U.S. Food and Drug Administration (FDA) issued a 
health advisory concerning the use of nonsteroidal anti-inflammatory agents 
(NSAIDs) and cyclooxygenase (COX)-2 selective drugs.*° There is evidence that 
these agents increase the risk for myocardial infarction and stroke when used for 
extended periods of time or in high-risk settings (such as immediately after cardiac 
surgery).* In 2004 and 2005, respectively, rofecoxib and valdecoxib were 
withdrawn from the U.S. market. A National Institutes of Health (NIH) clinical trial 
with celecoxib was suspended due to increased cardiovascular events, but the drug 
was not removed from the market. However, the FDA recommends the use of other 
agents or the lowest effective dose and required the addition of a “black box” 
warning to the labeling. Additionally, the NIH halted an Alzheimer disease trial that 
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showed an increase in the risk of cardiovascular events in patients receiving 
naproxen but not celecoxib.*> Recently the extended follow-up data from the 
Adenomatous Polyp PRevention On Vioxx study found an increased risk of 
ischemic stroke associated with rofecoxib compared to placebo and reported that 7 
of the 18 ischemic strokes occurred after rofecoxib therapy had been 
discontinued.** This finding raises concern regarding the risk of stroke in patients 
who have a previous exposure to rofecoxib. The FDA-issued public health 


advisory is as follows”: 


1. Physicians prescribing COX-2 selective agents should consider this 
emerging information when weighing the benefits against risks for 
individual patients. Patients who are at a high risk of gastrointestinal 
bleeding, have a history of intolerance to nonselective NSAIDs, or are not 
doing well on nonselective NSAIDs may be appropriate candidates for 
COX-2 selective agents. 

2. Individual patient risk for cardiovascular events and other risks commonly 
associated with NSAIDs should be taken into account for each prescribing 
situation. 

3. Consumers are advised that all nonprescription pain medications, including 
NSAIDs, should be used in strict accordance with the label directions. If an 
NSAID is needed for longer than 10 days, a physician should be consulted. 


The American Heart Association (AHA) has recommended a stepped-care 
approach for the management of musculoskeletal symptoms in patients with risk 


factors or known cardiovascular disease.*>*! 


EPIDEMIOLOGY 


The most common type of nondrug-induced stroke is ischemic, which accounts for 
85% of all cases. Of ischemic strokes, 65% are atherothrombotic with the 
remainder cardioembolic in origin. The overall incidence of drug-induced stroke is 
unknown, but generally considered to be low. In young adults (<50 years of age) 
drug-related etiologies can be identified in 15-38% of ischemic strokes.° Illicit 
drug use, particularly cocaine, is commonly implicated in younger patients who 
lack other known vascular risk factors. Since the emergence of the more potent 
alkaloidal cocaine (“crack”), there has been a significant increase in the number of 
case reports of cocaine-associated stroke.°? The incidence of all drug-induced 
strokes may be on the rise.° The incidence of stroke associated with specific agents 
is presented in Table 11-1. 
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MECHANISMS 


There are many proposed mechanisms for drug-induced strokes. Mechanisms by 
which drugs result in stroke may be multifactorial and are discussed below and 
presented in Table 11-2. 


Table 11-2 Mechanisms of Drug-Induced Ischemic Stroke 


Drug Mechanism(s) 
Intravenous drugs of abuse (e.g., heroin) Cerebral embolism 
Cocaine 


Methylphenidate (from injection of oral product) 
Tamoxifen 


Cocaine Vasoconstriction/vasospasm 
Amphetamines 

Methylphenidate 

Sumatriptan 

SSRI 

SNRI 


Amphetamines Acute hypertension 

Cocaine 

Alcohol 

Caffeine 

Cigarette smoking 

Heroin Vasculitis 

Cocaine 

Amphetamines 

Cocaine Induces direct vascular damage and subsequently 
Cigarette smoking promotes platelet aggregation and vasoconstriction 
Nonsteroidal anti-inflammatory agents 

Cisplatin 

Olanzapine Orthostatic hypotension 

Risperidone 


SSRI = selective serotonin reuptake inhibitor, SNRI = serotonin norepinephrine reuptake mhibitor. 


EMBOLIC MECHANISMS 


Embolism can produce a stroke when a clot, plaque, platelet aggregate, or foreign 
body breaks off into the circulation and obstructs a cerebral artery. Intravenous 
drugs of abuse (1.e., heroin) can be associated with cerebral infarction due to 
embolic vessel occlusion, infective endocarditis, or hemorrhage due to rupture of a 
septic (mycotic) aneurysm. Stroke is a complication in about 20% of patients with 
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infective endocarditis. Cocaine and other drugs may cause heart disease, which 
results in release of emboli to the brain. Foreign body emboli, primarily from talc 
fillers, have been reported after injection of agents intended for oral administration 
(i.e., methylphenidate). Foreign substances injected into the systemic circulation 
may embed in the lung, resulting in granulomatous reactions that ultimately provide 
a path for this foreign material to reach the brain. Tamoxifen may be associated 
with a paradoxical embolism and subsequent cerebral venous thrombosis.~° 


VASOCONSTRICTION/VASOS PASM 


Systemic vasoconstriction can lead to hypertension and intracerebral hemorrhage 
(ICH), whereas cerebral vasoconstriction can lead to infarction. Vasoconstriction 
may be transient or prolonged. Vasospasm with subsequent cerebral infarction may 
occur in association with cocaine, amphetamines, phenylpropanolamine, ephedrine, 
and methylphenidate.°° Cocaine temporarily causes vasoconstriction, thus reducing 
blood supply to various brain regions. Cocaine may potentiate the effects of 
serotonin by blocking its reuptake, resulting in vasoconstriction.© In addition, 
cocaine exerts direct effects on calcium channels leading to release of intracellular 
calcium in cerebral vascular smooth muscle cells.®? Other possible mechanisms of 
cocaine-induced vasospasm are via endothelin-1 release and reuptake of dopamine 
at presynaptic nerve terminals. There appears to be a cumulative effect of cocaine 
exposure and the risk of stroke.®’ The use of selective serotonin reuptake inhibitors 
and serotonin-norepinephrine reuptake inhibitors can cause vasoconstrictive stroke 
(Call-Fleming syndrome) or vasospasm.*°*’ Underlying atherosclerosis may 
augment this vasoconstriction. Sumatriptan binds to a particular subpopulation of 5- 
hydroxytryptamine (5-HT,) receptors in the pia and dural vessels, leading to 


vasconstriction.°’ Subcutaneous administration of sumatriptan has been shown to 
result in vasoconstriction of the middle cerebral and internal carotid arteries within 
30 minutes.°° There have been case reports of stroke associated with triptan use; 
however, patients with migraine are also at increased risk of stroke.” 


ACUTE HYPERTENSION 


The primary mechanism of hypertension-associated drug-induced stroke is drug 
effects on neurotransmitters. Many drugs increase catecholamine release from 
central noradrenergic nerve terminals (i.e., amphetamines, ephedra, 
nonprescription sympathomimetics), block reuptake of catecholamines into 
adrenergic nerve terminals (i.e., cocaine), or increase plasma catecholamine 
concentrations (1.e., ethanol, cocaine). Hypertension related to drug use may disrupt 
cerebral autoregulation, promote reperfusion of brain tissue, or damage cerebral 
arterioles leading to hemorrhage. Cigarette smoking acutely elevates blood 
pressure and reduces cerebral blood flow.’~’* Alcohol acutely and chronically 
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increases blood pressure related to increased adrenergic activity and increased 
plasma concentrations of cortisol, renin, aldosterone, and vasopressin. />-/° 


VASCULITIS 


Inflammation of small-, medium-, and large-size intracranial arteries and 
subsequent development of arteritis is a reported mechanism of stroke induced by 
drugs such as heroin, amphetamines, cocaine, ephedra, and pseudoephedrine. ”© 
These agents are associated with an inflammatory vasculopathy and vessel wall 


necrosis. // 


CLOTTING DERANGEMENTS 


Platelets play an important role in the development of thrombosis. With endothelial 
damage, vessel collagen can be exposed to blood, and acts as a triggering 
mechanism for platelet activation, resulting in release of adenosine diphosphate 
from the platelets, causing platelets to aggregate. Thromboxane A, is produced, 
which also promotes platelet aggregation and vasoconstriction. Cocaine may 
stimulate platelet aggregation and inhibit prostacyclin.’> Cigarette smoking 
aggravates atherosclerosis and increases arterial wall stiffness, ultimately 
increasing the likelihood of plaque formation. Smoking increases platelet reactivity 
and inhibits prostacyclin formation.’”? Alcohol consumption may elevate blood 
pressure and interfere with platelet function; chronic use may result in coagulation 
abnormalities due to liver impairment. Nonsteroidal anti-inflammatory agents act 
primarily via inhibition of COX, which consists of 2 major isoenzymes (COX-1 
and COX-2). Experimental evidence suggests that inhibition of COX-2 results ina 
shift in the prothrombotic/antithorombotic balance toward thrombosis. The 
differential biological effects of these agents are a result of the degree of selectivity 
for COX-2 versus COX-1.*° Cisplatin induces direct endovascular damage and 
also indirect damage via free radical-induced lipid peroxidation. An increase in 
plasma concentrations of von Willebrand factor has been reported during cisplatin 
chemotherapy regimens and is evidence of direct endovascular damage leading to 
platelet aggregation and vasoconstriction.°? In addition, cisplatin may reduce 
activity of the anticoagulant protein C.!% 


ORTHOSTATIC HYPOTENSION 


A potential mechanism for stroke associated with atypical antipsychotic agents 1s 
orthostatic hypotension leading to “watershed” strokes. Hyperprolactinemia 
induced by these drugs may also result in promotion of platelet aggregation.®! 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Clinically, it is difficult to distinguish drug-induced stroke from nondrug-induced 
etiologies. The diagnosis of drug-induced stroke is often made by exclusion of 
other causes, or through serum or urine drug testing. The typical patient 
experiencing a stroke presents with an abrupt onset of neurologic deficits, which 
can include hemiparesis, speech disturbance, hemisensory loss, monocular or 
visual field loss, and/or ataxia. The clinical presentation of both ischemic stroke 
and ICH is dependent on the anatomical location of the infarction. It is not possible 
to distinguish an ischemic stroke from ICH based on clinical examination alone, 
although several characteristics are more indicative of ICH, including headache, 
impaired level of consciousness, nausea and vomiting, and extreme elevations of 
blood pressure. Subarachnoid hemorrhage must be suspected in a patient who 
experiences a sudden new severe headache. Drug-induced stroke can occur at any 
time during therapy with a potentially causative agent. Common signs and 
symptoms of drug-induced ischemic stroke are presented in Table 11-3. 


Table 11-3 Signs and Symptoms Associated with Drug-Induced 
Ischemic Stroke 





Signs Symptoms 
Anterior cerebral artery occlusion Contralateral hemiparesis 


Confusion 
Gait apraxia 


Middle cerebral artery blockage Contralateral hemiparesis 
Dysarthria 
Hemianesthesia 
Contralateral homonymous hemianopia 
Aphasia 
Apraxia 


Sensory neglect 


Posterior cerebral artery blockage Contralateral homonymous hemianopia 
Unilateral cortical blindness 
Memory loss 
Unilateral 3rd cranial nerve palsy 


Ophthalmic artery blockage Monocular loss of vision 


Vertebrobasilar system blockage Unilateral or bilateral cranial nerve deficits (e.g. 
nystagmus, vertigo, dysphagia, dysarthria, diplopia, 
blindness) 

Ataxia 


Impaired consciousness 
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Coma 


Drug-induced stroke must be distinguished from stroke due to other etiologies. 
Conditions to consider in the differential diagnosis of drug-induced stroke are 
presented in Table 11-4. It is difficult to distinguish between drug-induced and 
nondrug-induced causes of stroke unless symptoms are temporally related to the 
ingestion of substances of abuse or agents with surrogate monitoring parameters 
(i.e., drug screen) that can quantitatively be assessed. 


Table 11-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Ischemic Stroke 


¢ Brain tumor 

* Cerebral abscess 

* Cerebral hemorrhage 

* Cranial trauma 

* Encephalitis 

¢ Malingering/somatization 

¢ Meningitis 

* Metabolic encephalopathy (hypoglycemia, diabetic ketoacidosis, hyperosmolar coma, hepatic 
encephalopathy, renal failure, hypercapnia, sepsis) 

* Migraine headache 

* Peripheral neuropathy 

* Postcardiac arrest ischemia 

* Psychiatric symptoms 
Seizure disorder (with postictal paralysis) 
Syncope 





Diagnosis of stroke consists of a thorough evaluation of patient history, clinical 
examination, laboratory evaluation, and imaging studies, including computerized 
tomography (CT) scan, cerebral angiography, and magnetic resonance imaging 
(MRI). Laboratory studies should consist of serum electrolyte and glucose 
concentrations, complete blood count, coagulation parameters, and drug screen 
evaluation. A CT scan is essential to differentiate between ischemic and 
hemorrhagic stroke. 


RISK FACTORS 


Risk factors for drug-induced stroke are presented in Table 11-5. An underlying 
history of hypertension is one of the most common risk factors. In addition, any 
patient with other risk factors for stroke is at a higher risk for drug-induced stroke. 
The Framingham study identified five factors that placed the general population at 
increased risk of ischemic stroke: elevated systolic blood pressure, elevated serum 
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cholesterol concentration, glucose intolerance, cigarette smoking, and left 
ventricular hypertrophy by electrocardiogram.** Risk factors for ischemic stroke 
have been outlined in recent guidelines from the American Stroke 


Association/AHA.* 





Table 11-5 Risk Factors for Drug-Induced Ischemic Stroke®3 


* Concurrent caffeine use 

* Concurrent tobacco use 

* Dementia 

* Diabetes 

° Elderly 

¢ Exposure to drugs of abuse 

* High doses of potentially causative agents 
* History of vascular events 

* Hypertension 

¢ Migraine headaches with aura 
¢ Physical inactivity 

* Polydrug use 

* Pregnancy 

¢ Previous stroke 


MORBIDITY AND MORTALITY 


Stroke is one of the most devastating diseases, yet one of the most preventable. The 
overall direct and indirect economic impact of stroke is approximately $40.9 
billion annually.** Stroke is the fifth leading cause of death in the United States and 
a leading cause of disability in hospitalized patients.!~ Long-term sequelae of a 
stroke, whether induced by drugs or other etiologies, include: memory loss, 
depression, behavioral changes, emotional lability, difficulty performing activities 
of daily living, communication problems, paralysis, and neglect on the side of the 
body corresponding to the location of the stroke. 


PREVENTION 


The most effective means of prevention of drug-induced stroke is avoidance of 
agents known to be associated with stroke, especially in high-risk patients. 
Strategies for prevention of drug-induced stroke are listed in Table 11-6.°° Drug- 
induced stroke may also be prevented by minimizing other risk factors for ischemic 
stroke (e.g., hypertension, hyperlipidemia, smoking, diabetes). However, the 
mainstay of prevention is patient education and identification of risk factors, 
particularly in those patients that are at high risk. 
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Table 11-6 Approaches to Help Prevent Drug-Induced Ischemic 





Stroke®3 


Drug Prevention 


Alcohol Moderation Men should consume no more than 2 drinks/day and 
nonpregnant women should consume no more than | 
drink/day 

Control hypertension 


All drugs General risk factor Control of hypertension 

reduction Glucose control 
Cholesterol-lowering therapy 
Weight management 





Atrial fibrillation management 
Sleep apnea management 
Physical activity 


Discontinue drugs known to be associated with stroke 
in patients at high risk 





Cigarette smoking Smoking cessation Encourage patient and family to stop smoking 
Provide counseling, nicotine replacement and formal 
programs 


Drug abuse Rehabilitation program 
Hormone replacement If used for other indications the patient should be 
therapy prevention of stroke informed of vascular risks 
NSAID Musculoskeletal pain Refer to scientific statement for stepped care 
| approach recommendations>? 


Oral contraceptive use Avoid in those at high risk | Inform patients about stroke risk and encourage 
alternative forms of birth control among women who 
smoke cigarettes, have migraines (especially with 
older age or smoking), are >35 years of age, or have 
had prior thromboembolic events 


SSRI/SNRI Possibly dose-related Use lowest effective dose for all indications 


NSAID = nonsteroidal anti-inflammatory drug, SNRI = serotonin norepinephrine reuptake inhibitor, SSRI = 
selective serotonin reuptake inhibitor. 








MANAGEMENT 


The management of any stroke patient includes many phases: prevention of stroke 
or other vascular disease; supportive and medical management during the acute 
phase; measures to mitigate the ongoing pathologic process; and rehabilitation. In 
addition, discontinuation of the offending agent (if identified) is essential. 


Approaches to treatment of drug-induced acute ischemic stroke are similar to 
those of stroke due to other etiologies (please refer to treatment guidelines 
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published for the acute management of ischemic stroke).*° Hospital admission is 
indicated for any patient presenting with an acute stroke. Neurologic progression 
and cardiac sequelae are common in the early stages of a stroke. Preventing and 
recognizing secondary complications such as aspiration pneumonia and pulmonary 
embolism are essential. The only proven specific treatment for acute ischemic 
stroke at present is the thrombolytic agent recombinant tissue plasminogen activator 
(rt-PA). In appropriately selected patients, rt-PA significantly increases the 
likelihood of a good neurologic recovery.*°*’ To be eligible for rt-PA therapy, 
patients should have a well-described time of symptom onset within 4.5 hours of 
initiation of rt-PA treatment. Every effort should be made to shorten any delays in 
the initiation of treatment, because earlier treatment is associated with increased 
outcome benefits. The dose of rt-PA for stroke is 0.9 mg/kg intravenously over 1 
hour, 10% as an initial bolus. The maximum total dose is 90 mg. During the first 24 
hours after treatment, therapy with antithrombotic agents such as heparin and 
aspirin should be withheld, blood pressure should be strictly maintained at 
<180/105 mm Hg, and close neurologic and cardiac monitoring should be 
performed in an intensive care unit or stroke unit.® 

The new guidelines also include recommendations for endovascular 
interventions including mechanical thrombectomy and intra-arterial thrombolysis.*° 
If a patient meets criteria for undergoing endovascular therapy, this should be 
considered in addition to receiving rt-PA, and the patient should be transferred to a 
comprehensive stroke center. The guidelines recommend that patients should 
undergo endovascular therapy with a stent retriever if they meet the following 
criteria: prestroke modified Rankin score of 0 to 1; acute ischemic stroke with 
receipt of intravenous rt-PA within 4.5 hours of symptom onset; causative occlusion 
of the internal carotid artery or proximal (M1) middle cerebral artery; age 18 years 
or older; NIH Stroke Scale (NIHSS) score of 6 or greater; Alberta Stroke Program 
Early CT score of 6 or greater; and treatment that can be initiated (groin puncture) 
within 6 hours of symptom onset.*° Other recommendations suggest that intra- 
arterial rt-PA could be administered in carefully selected patients who have 
contraindications to the use of intravenous rt-PA and that endovascular approaches 
may be reasonable in patients who do not meet the criteria listed above.® 


Fever (temperature >38°C) and glucose disorders should be treated 
aggressively in patients with acute stroke because both conditions exacerbate 
cerebral ischemia and may worsen neurologic outcome.®® A twofold increase in 
short-term mortality has been reported in patients with hyperthermia within the first 
24 hours of hospitalization with acute stroke.*® Persistent in-hospital hyperglycemia 
during the first 24 hours is associated with worse outcomes when compared to 
normoglycemia; therefore, hyperglycemia treatment to achieve a target blood 
glucose range of 140-180 mg/dL is recommended. Additionally, hypoglycemia 
(blood glucose <60 mg/dL) should be treated.®° 
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Arterial blood pressure is a dynamic parameter that may fluctuate substantially 
and is associated with clinical consequences. Studies have found a U-shaped 
relationship between admission blood pressure and favorable clinical outcomes, 
with optimal systolic and diastolic blood pressure ranges of 121—200 mm Hg and 
81-110 mm Hg, respectively.®’ In-hospital elevations in blood pressure 
immediately following acute stroke have shown an inverse relationship to outcome; 
that is, increased blood pressure is associated with worse outcomes.””! The 
appropriateness of treating acute hypertension in patients who do not qualify for 
reperfusion therapies is challenging. In fact, lowering blood pressure excessively 
may exacerbate cerebral ischemia in patients experiencing stroke. In many patients, 
blood pressure spontaneously decreases during the first 24 hours following a 
stroke. The most recent guidelines recommend, for patients not receiving 
reperfusion therapies, withholding of antihypertensive therapy unless the systolic 
pressure is >220 mm Hg or the diastolic pressure is >120 mm Hg. If 
antihypertensive therapy is initiated in patients who exceed these thresholds, then it 
is reasonable to lower blood pressure by 15% from baseline during the first 24 
hours.®> 


If antihypertensive therapy is needed in the acute stage of drug-induced stroke, 
intravenous agents should be used, particularly those for which doses can be easily 
titrated. Labetalol may be administered initially as intravenous boluses of 10—20 
mg until the desired blood pressure is achieved. Labetalol should be avoided in 
patients with contraindications to B-blockers. Nicardipine therapy may be initiated 
as a continuous intravenous infusion of 5 mg/hr, and the infusion rate can be 
adjusted to achieve the desired blood pressure. Other agents may also be useful 
depending on the clinical situation.® 

After the acute phase of a drug-induced stroke, risk factor management is 
essential.” The appropriate specific preventive agent may be aspirin, clopidogrel, 
combination aspirin/extended-release dipyridamole, or an oral anticoagulant. Of 
these, aspirin is the most frequently prescribed for thrombotic causes of stroke. 
There is a lack of consensus regarding the optimal dose for stroke prevention. 
Doses of 50-325 mg have been shown to be effective. For patients with 
cardioembolic sources of stroke including atrial fibrillation, oral anticoagulation is 
recommended. For those with nonvalvular atrial fibrillation the guidelines currently 
recommend warfarin, apixaban, dabigatran, or rivaroxaban as reasonable options. 
Dose selection of these newer target-specific oral anticoagulants should be 
performed with careful attention to kidney function and drug interactions. Warfarin 
is indicated for patients with atrial fibrillation associated with valvular disease. 
The standard target range for the international normalized ratio (INR) is 2-3, 
however, patients with mechanical prosthetic valves may require a higher INR 
(2.5—3.5), but this places them at increased risk for ICH. In addition, any other risk 
factor that may be present (e.g., hyperlipidemia, hypertension, diabetes) should be 
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managed aggressively. Please refer to secondary prevention guidelines for specific 
recommendations.” 


INFORMATION FOR PATIENTS 


Risk factor assessment is essential for prevention of drug-induced stroke. Because 
patients do not obtain many of the drugs known to cause stroke at pharmacies, it is 
extremely important that patients at risk are counseled to consult healthcare 
professionals before purchasing nonprescription drugs. For example, patients with 
hypertension should be advised that cough and cold medicines or herbal products 
might contain sympathomimetic drugs that could place them at increased risk for 
drug-induced stroke. Patients should be instructed to inform their healthcare 
professionals of all medications that they are taking, to facilitate a full evaluation of 
potential agents that may be associated with drug-induced stroke. Because 
medications that may induce stroke include a large number of recreational drugs of 
abuse, appropriate counseling regarding risks associated with these agents should 
be performed and referral to rehabilitation programs should be considered. In 
addition, all patients should be counseled regarding the signs and symptoms of and 
risk factors for drug-induced ischemic stroke and should be instructed to seek 
medical attention at the onset of symptoms. 


INTRACEREBRAL HEMORRHAGE 
CAUSATIVE AGENTS 


ICH describes bleeding into the brain parenchyma with possible extension into the 
ventricular system or subarachnoid space. This chapter will focus on ICH, although 
studies provide information for hemorrhagic stroke, which includes ICH and 
subarachnoid hemorrhage; therefore, the term hemorrhagic stroke will be used 
when applicable. Drugs that have been reported to cause hemorrhagic stroke are 
listed in Table 11-7.46-1670.76.47,90.86.87,93-162 Many of the agents that are associated 
with ICH are used as therapeutic agents for other disease states. Symptomatic ICH 
is one of the most feared complications associated with the use of rt-PA for 
ischemic stroke and occurs in approximately 6% of treated patients. It is estimated 
that for every 100 patients treated with rt-PA, one will experience severe disability 
or death associated with symptomatic ICH.'®? Most patients who experience this 
devastating complication have more severe baseline infarcts.'°!© Other risk 
factors for symptomatic ICH associated with rt-PA will be discussed later in the 
chapter (1.e., Table 11-11). 


Vitamin K antagonists (warfarin) have been the standard of care for the 
treatment of thromboembolic diseases for many years. Target-specific oral 
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anticoagulants (dabigatran, rivaroxaban, apixaban, edoxaban) have been developed 
and found to be at least noninferior to warfarin (target INR 2-3). The rate of major 
bleeding among long-term users of warfarin is 1.5—5.2% per year with a mortality 
rate from major bleeding that exceeds 13%.!°°!®’ Intracranial bleeding is the most 
feared complication and accounts for 8.7% of the major bleeding episodes with a 
46-55% mortality rate.!°8!©° A recent meta-analysis compared the risk of bleeding 
associated with target specific oral anticoagulants with that of warfarin in patients 
with atrial fibrillation and venous thromboembolism.!”° The results indicate that the 
use of target-specific oral anticoagulants is associated with significant reductions 
in the risk of major bleeding (RR 0.72, 95% CI 0.62—0.85, NNT 156), fatal 
bleeding (RR 0.53, 95% CI 0.43—-0.64, NNT 454), intracranial bleeding (RR 0.43, 
95% CI 0.37-0.50, NNT 185), clinically relevant bleeding (RR 0.78, 95% CI 
0.68—0.90, NNT 99), and total bleeding (RR 0.76, 95% CI 0.71—0.82, NNT 18). 
Data from the clinical trials also suggest that the rates of major bleeding associated 
with these newer agents are 2-3% per year, and rates of hemorrhagic stroke are 
0.1-0.5% per year, 16.171-175 


Table 11-7 Agents Implicated in Drug-Induced Intracerebral 





Hemorrhage 
Level of 

Agent Incidence Evidence* 
Abciximab93,94 B 
Amphetamines95-97 C 
Apixaban98 A 
Aspirin99,100 A 

Aspirin + clopidogrell01 A 
Cocaine4,6,16,20,102-104 B 
Dabigatran105,106 150 mg = 0.31%/yr A 

110 mg = 0.23%/yr 
Edoxaban107 0.26%/yr A 


Ephedra-containing products (32 mg/day) 108-111,b NK 


ve) 


Glycoprotein IIb/IIIa inhibitors 111-114 0.12% B 
With heparin 0.07% 

Without heparin 

Heparin115-117 3% A 


Heavy alcohol use (>60 g/day or >3 drinks/day)4,118- |NK 
122 


| 
ve) 


4 


& 


3 


Herbal energy drinks (adaptogenic blend 
Eleutherococcus senticosus, Schisandra, Panax 


species) 123 
Heroin6,26 K 
Intra-arterial thrombolytics for management of 6.8-15% A 


stroke 124-126 





NK 
Low-molecular weight heparins 127-130 A 
Nicotine 131-133 Two- to fourfold increased | A 
risk 
Phenylpropanolamine 134-138 NK B 
Dietary supplements NE 
Cough and cold preparations 
Rivaroxaban140 0.67% /yr A 
rt-PA for management of ischemic stroke86,87,141,142 | 1.9-10.6% A 
SSRI47,50,143-146 0.01% /yr B 
OR 1.32, 95% CI 1.02- 
171 
High-dose statin 147-153 B 
Thrombolytic therapy for management of acute 0.46-1.9% A 
myocardial infarction 154-156 
Warfarin116,117,157-162 0.3-1%/yr A 


CI = confidence interval, NK = not known, OR = odds ratio, rt-PA = recombinant tissue plasminogen activator, 
SSRI = selective serotonin reuptake inhibitor. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncluding the herbal source ma huang. 


Alcohol abuse remains an important risk factor for ICH with the risk related to 
the quantity consumed. Individuals who consume 41—120 g (~5 fluid ounces) daily 
have a 4.6 times higher risk of ICH compared to nondrinkers, and those who 


consume 121 g or greater daily are at 11.3 times higher risk.!’° Other drugs of 
abuse have also been implicated in ICH. Cocaine and other sympathomimetics have 


been implicated in both ischemic stroke and ICH.”” 

Both epidemiological and clinical trials have suggested that very low 
cholesterol concentrations achieved with high-dose statin therapy are associated 
with ICH.'*7-!>3 It has been suggested that adequate cholesterol concentrations are 


necessary to maintain the integrity of the small vessels to prevent rupture.!’’ In the 
Heart Protection Study, there was a trend toward a higher risk of ICH after 
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treatment with simvastatin compared to placebo in patients who had a previous 
history of stroke or transient ischemic attack (TIA).!”° In the only study to evaluate 
high-dose statin therapy in primarily ischemic stroke patients (Stroke Prevention by 
Aggressive Reduction in Cholesterol Levels), patients randomized to atorvastatin 
had a higher rate of ICH compared to those in the placebo group (HR 1.66, 95% Cl 
1.08—2.55).!47"!>2 However, the overall net vascular benefit associated with statins 
in this trial outweighed the risk of ICH, so it is reasonable to conclude that the 
majority of ischemic stroke patients receive benefit from statin therapy. A meta- 
analysis of 31 randomized controlled trials that included 91,588 statin-treated 
patients found no significant association between statin use and ICH.!” There are 
also data from a small study to suggest that continuing statin therapy after ICH is 
associated with early neurological improvement and reduced 6-month mortality. !°° 
Currently there is insufficient evidence to provide definitive recommendations 
regarding the use of statins in ICH patients. !*! 


Many drugs theoretically may increase the risk of hemorrhagic stroke, although, 
for some, such an association has not been reported. Direct thrombin inhibitors 
such as hirudin or bivalirudin have not been shown to increase the risk of 
hemorrhagic stroke in clinical trials, and the risk of bleeding associated with these 
drugs is lower than that associated with heparin. '8? However, clinicians should be 
aware of the possibility of intracranial hemorrhage associated with these agents, 
especially when used in combination with other antiplatelet drugs such as the 
glycoprotein IIb/IIIa receptor antagonists. Intracranial bleeding events have been 
reported in association with glycoprotein IIb/IIIa receptor antagonists, especially 
when used in combination with heparin, and are associated with increased 
mortality.!'* The Abciximab in Emergency Treatment of Stroke Trial, which was 
terminated prematurely, was designed to evaluate the impact of abciximab on 
outcome following ischemic stroke. Compared to placebo, abciximab was 
associated with an increased rate of symptomatic or fatal ICH without improved 
efficacy.”’ Conflicting information has been reported regarding the risk of bleeding 
complications associated with the use of enoxaparin for prevention of venous 
thromboembolism in patients undergoing neurosurgery, but concern has been 
expressed regarding the use of low molecular weight heparins in_ this 
population.!*”"!?° There was also concern regarding the risk of ICH associated with 
the use of nonaspirin nonsteroidal anti-inflammatory agents (NANSAIDs). 
However, a recently published multicenter case-control study did not find an 
increased risk of ICH associated with NANSAIDs.!*° 


Selective serotonin reuptake inhibitors (SSRIs) are used commonly to treat 
poststroke depression and for facilitating functional recovery after stroke. 
Observational studies suggest that SSRIs are associated with several adverse 
effects in older people (age >65 years) including increased risk for ICH (adjusted 
risk ratio 1.42, 95% CI 1.23-1.64).'* These data suggest that SSRIs may cause one 


445 


additional ICH per 10,000 persons (0.01%) treated for 1 year. Recently a cross- 
sectional epidemiological study of 4,945 patients who received antidepressants 
found that 5.5% developed cerebral microbleeds, but there was no significant 
causal relationship between exposure to SSRIs and ICH.'** For the general 
population and patients with previous hemorrhagic or ischemic stroke who warrant 
treatment with an SSRI, there remain insufficient reliable data to make 
recommendations about any risk of ICH associated with an SSRI, with or without 
concurrent antiplatelet or anticoagulant therapy.!® 


EPIDEMIOLOGY 


Approximately 37,000—52,000 people per year suffer from ICH (approximately 8— 
13% of all strokes) in the United States.!°° Although ICH only accounts for a small 
proportion of all strokes, it is associated with the highest mortality rate. Drug- 
related etiologies can be identified in 14-27% of patients with ICH.°™ The 
incidence of drug-induced hemorrhagic stroke may be increasing.° Anticoagulant 
therapy is implicated in roughly 10% of all cases of ICH. The incidence of 
hemorrhagic stroke associated with specific drugs 1s presented in Table 11-7. 


MECHANISMS 


There are many proposed mechanisms for drug-induced hemorrhagic strokes. 
Mechanisms by which drugs result in ICH may be multifactorial and are discussed 
below and presented in Table 11-8. 


Table 11-8 Mechanisms of Drug-Induced Intracerebral 





Hemorrhage 


Drug Mechanism(s) 


Alcohol abuse Acute hypertension 
Amphetamines 

Cocaine 

Ephedra 

Nicotine 

Phenylpropanolamine 

Pseudoephedrine 


Aspirin Bleeding diathesis 
Glycoprotein IIb/IIIa inhibitors 

Heparin 

High-dose statin 

Low-molecular weight heparin 

SSRI 

Thrombolytics 

Warfarin 
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SSRI = selective serotonin reuptake inhibitor. 


ACUTE HYPERTENSION 


Acute hypertension is an often under-recognized mechanism, particularly for drug- 
induced ICH. The primary mechanism behind drug-associated hypertension is 
related to the effect of drugs on neurotransmitters. Many drugs increase 
catecholamine release from central noradrenergic nerve terminals (i.e., 
amphetamines, ephedra, nonprescription sympathomimetics), inhibit reuptake of 
catecholamines into adrenergic nerve terminals (1.e., cocaine), or increase plasma 
catecholamine concentrations (1.e., ethanol, cocaine). Hypertension related to drug 
use may disrupt cerebral autoregulation, promote reperfusion of injured brain 
tissue, or damage cerebral arterioles, which may eventually rupture. 

Ephedra products increase sympathomimetic activity, leading to acute 
hypertension. In combination with caffeine, ephedrine 20 mg increases systolic 
blood pressure by 14 mm Hg.!*’ Caffeine acts by competitively antagonizing 
adenosine receptors, thus inhibiting adenosine-mediated dilatation, resulting in 
vasoconstriction. Caffeine also augments the release of catecholamines, enhancing 
the effects of ephedra.!®*!°° Cigarette smoking acutely elevates blood pressure and 


reduces cerebral blood flow.”/!!?? Alcohol acutely and chronically increases 
blood pressure related to increased adrenergic activity and increased plasma 


concentrations of cortisol, renin, aldosterone, and vasopressin. >” 


BLEEDING DIATHESIS 


The mechanism by which anticoagulants increase the incidence of ICH is unclear. 
Anticoagulants may cause spontaneous subclinical hemorrhages that eventually 
become clinically significant. Drugs that cause thrombocytopenia (platelets 
<50,000 x 10°/uL), such as heparin, may increase the risk for drug-induced ICH. 
Drugs that cause severe hepatic failure or hepatitis may cause clotting 
derangements and a subsequent risk of ICH. Cocaine and heroin may also induce an 
illness identical to autoimmune thrombocytopenic purpura that places patients at 
higher risk of stroke. SSRIs may increase the risk of ICH through their antiplatelet 
effects.'°° Serotonin in platelets is essential for maintenance of hemostatic 
functioning and SSRIs deplete platelet serotonin storage leading to attenuation of 
platelet activity.!°! The antiplatelet effects of SSRIs are considered to be dose- 
dependent. !43.!49 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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It is not possible to distinguish an ischemic stroke from hemorrhagic stroke due to 
ICH based on clinical examination alone, although several characteristics are more 
indicative of ICH: headache, impaired level of consciousness, nausea and 
vomiting, and extreme elevations of blood pressure. Drug-induced hemorrhagic 
stroke can occur at any time during therapy with a potentially causative agent. 
Common clinical features of drug-induced ICH are presented in Table 11-9. 


Table 11-9 Signs and Symptoms Associated with Drug-Induced 





Intracerebral Hemorrhage 


Signs Symptoms 
Brainstem hemorrhage Altered consciousness 
Ataxia 
Coma 
Difficulty breathing 
Diplopia 
Disconjugate gaze 
Dysmetria 
Nystagmus 
Increased intracranial pressure Loss of consciousness 


Nausea/vomiting 
Sudden headache 


Lobar hemorrhage Aphasia 
Contralateral sensory-motor deficits 
Gaze deviation 
Hemianopia 
Hemispatial and/or sensory neglect 
Seizure 


Drug-induced hemorrhagic stroke must be distinguished from hemorrhagic 
stroke due to other etiologies. Conditions to consider in the differential diagnosis of 
drug-induced ICH are presented in Table 11-10. It is difficult to distinguish 
between drug-induced and nondrug-induced causes of hemorrhagic stroke unless 
symptoms are temporally related to the ingestion of substances of abuse, 
quantification drug concentration (1.e., illicit drug screen), or agents with surrogate 
monitoring parameters (1.e., warfarin or heparin) that can be assessed 
quantitatively. 


Table 11-10 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Intracerebral Hemorrhage 


¢ Arterial dissection of the carotid or vertebral artery 
¢ Arteriovenous malformation 
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* Central nervous system infection/brain abscess 
* Cerebral aneurysm 

* Encephalitis 

* Hemorrhagic conversion of ischemic infarct 

* Hypertensive encephalopathy 

¢ Intracranial tumors 

* Ischemic stroke 

* Metabolic encephalopathy 

* Seizure 

¢ Trauma 


Diagnosis of stroke consists of a thorough evaluation of patient history, clinical 
examination, laboratory evaluation, and imaging studies, including CT scan, 
cerebral angiography, and MRI. Laboratory studies should consist of serum 
electrolyte and glucose concentrations, complete blood count, coagulation 
parameters, and drug screen evaluation. A CT scan is essential to differentiate 
between ischemic and hemorrhagic stroke. 


RISK FACTORS 


Risk factors for drug-induced ICH are presented in Table 11-11. Thrombolysis has 
become a mainstay of therapy for both acute myocardial infarction and acute 
ischemic stroke. Although this therapy improves morbidity and mortality in these 
patients, there is an inherent risk of ICH. Risk factors for ICH associated with 
thrombolytic therapy following acute myocardial infarction include advanced age, 
female, African-American, systolic blood pressure >160 mm Hg, diastolic blood 
pressure >100 mm Hg, previous stroke, rt-PA dose >1.5 mg/kg, and low body 
weight (<50 kg).'°? Risk of thrombolysis-related ICH in patients with acute 
ischemic stroke include NIH Stroke Scale score >20 (severe stroke), advanced age, 
thrombocytopenia, early infarct signs on pretreatment CT scan, increased time to 
treatment, history of heart failure, elevated serum glucose (>200 mg/dL), low 
plasminogen activator inhibitor concentration, history of diabetes mellitus and 
cardiac disease, increasing stroke severity, use of antiplatelet agents other than 
aspirin, elevated pretreatment mean blood pressure, and lower platelet 
counts.!°°!93 In addition, use of rt-PA in patients that do not meet the inclusion 
criteria and/or meet exclusion criteria detailed in the National Institutes of 
Neurological Diseases Study—especially administration of rt-PA to patients that 
present >4.5 hours from the onset of symptoms—increases the risk of ICH in 
patients with acute ischemic stroke.!+!?> The GRASPS (Glucose Race Age Sex 
Pressure Stroke Severity) clinical risk score is a validated scoring system for 
predicting risk of symptomatic ICH after receiving rt-PA.!°° This score includes six 
predictor variables: glucose at presentation, race (Asian), age, sex (male), systolic 
blood pressure at presentation, and severity of stroke at presentation (NIHSS). The 
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score calculator can be accessed at the following _ site: 
http://www.strokeassociation.org/STROKEORG/General/Get- With-The- 
Guidelines-Stroke-sICH-Calculator UCM 453748 SubHomePage.jsp. 


Table 11-11 Risk Factors for Drug-Induced Intracerebral 





Hemorrhage 


General risk factors 


* Age >65 years 

* History of hypertension 
¢ Amyloid angiopathy 

* Cigarette smoking 

* Sedentary lifestyle 

* Coagulation disturbances 
¢ Thrombocytopenia 


Aspirin-induced intracerebral hemorrhage?” 


* History of stroke 

* Hypertension 

* Age >75 years 

* Race (black population) 

* Dose >650 mg/day 

¢ Amyloid accumulation 

* Epistaxis 

* Concurrent use with anticoagulants 

* Neoplasm 

* Vascular malformations or aneurysms 


Oral anticoagulant-induced intracerebral hemorrhage?®® 


« Advanced age (>85 years) 

* Previous cerebral ischemic event 
* Cerebral amyloid angiopathy 

* Addition of antiplatelet agents 

* Intensity of anticoagulation 

* Duration of therapy 

* History of bleeding 

¢ Drug interactions 

* Time in therapeutic range 

* Kidney disease 


Intra-arterial thrombolytic-induced intracerebral hemorrhage?®? 


* National Institutes of Health Stroke Scale >20 
¢ Longer time to recanalization 

* Lower platelet count 

* Hyperglycemia 


Intravenous thrombolytic-induced intracerebral hemorrhage!?>:*% 
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¢ Severity of neurologic deficit at time of presentation (measured by National Institutes of Health Stroke Scale 
>20) 

¢ Thrombolytic dose used for ischemic stroke (>0.9 mg/kg or 90 mg) 

* Early signs of infarction with brain edema or mass effect on imaging studies 

* Age >80 years 

¢ Hypertension 

¢ Timing of revascularization therapy (ie., longer stroke onset-to-treatment times) 

* Hyperglycemia (glucose >200 mg/dL) or history of diabetes 

* Coadministration of antithrombotic agents 

* History of heart failure 

* Thrombocytopenia 


Heparin-induced intracerebral hemorrhage 


* Hypertension 

* Use of bolus dosing 
¢ Thrombocytopenia 
* Size of stroke 


Low molecular weight heparin and glycoprotein I[b/Ia inhibitor- 


induced intracerebral hemorrhage 


* Age >75 years 
* Kidney disease 
* Thrombocytopenia 


Selective serotonin reuptake inhibitor-induced intracerebral 
hemorrhage*! 


* Heavy alcohol use 
* Cigarette smoking 
* Vulnerability to bleeding diathesis 


High-dose statin-induced intracerebral hemorrhage!47>!49 


* Age >65 years 

* Stage 2 hypertension 

¢ Middle-aged men 

¢ Previous ischemic stroke or transient ischemic attack 


The FDA banned phenylpropanolamine, which was marketed in combination 
with caffeine as a weight-loss aid, after numerous adverse cardiovascular and 


central nervous system events.!*’ Used in combination, these drugs have an additive 
effect on blood pressure.!?’ Women between the ages of 18 and 49 years who use 
phenylpropanolamine as an appetite suppressant are 17 times more likely to 
experience an ICH compared with women of that age group that do not take this 
medication.'°°> The risks associated with cough and cold preparations are less 
clear. The risks in men taking phenylpropanolamine are also unclear because the 
case-control study included too few men from which to draw conclusions.!>’ The 
association between sympathomimetic drugs and ICH appears to be dose-related 
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and additive when used in combination with other agents with similar activity. 
Patients receiving phenylpropanolamine in cough and cold products were three 
times more likely to develop ICH than those patients not receiving these 
products.!*”-!°8 Herbal preparations that contain ephedra or ma huang also increase 
the risk of ICH in a dose-related fashion. The risk of ICH is fourfold greater in 
patients receiving ephedra doses >32 mg/day than those receiving no ma huang or 
lower doses.!0*!! This is an important issue with respect to counseling of 
patients regarding nonprescription drug products or the use of herbal 
supplements/energy drinks that may have sympathomimetic effects. 


Anticoagulant therapy is used commonly to treat many thromboembolic 
disorders, particularly in the elderly population. Patients with an INR >3 or an 
activated partial thromboplastin time (aPTT) >80—90 seconds are at increased risk 
of ICH associated with warfarin and heparin, respectively. Factors that increase the 
risk of anticoagulant-related ICH include advanced age, level of anticoagulation, 
prior stroke, and hypertenson.!!7!°°° The risk for ICH with warfarin therapy is 
particularly high at age >85 years. INR <2 is not associated a with lower risk of 
ICH compared with INR between 2 and 3, but the risk is increased with INR >3.5, 
which should be avoided. !!7:!972 Therefore, for prevention of recurrent ischemic 
stroke, warfarin therapy should be focused on maintaining INR between 2 and 3.!!7 
The risk of anticoagulant-related bleeding is highest during the first month of 
therapy.7°! The HAS-BLED score has been validated to assess the bleeding risk in 
atrial fibrillation patients and assigns one point for the presence of each of the 
following: hypertension (uncontrolled systolic blood pressure >160 mm Hg), 
abnormal renal and/or liver function, previous stroke, bleeding history or 
predisposition, labile INR, elderly (age >65 years), and concomitant drugs 
(antiplatelets or nonsteroidal anti-inflammatory drugs) and/or alcohol excess. The 
HAS-BLED scores range from 0 to 9 with scores =3 indicating the highest risk of 
bleeding.'°’ There is an increased rate of cerebral bleeding associated with 
intermittent intravenous heparin therapy compared with that associated with 
continuous intravenous infusion. Subcutaneous heparin is associated with bleeding 
rates similar to those due to continuous intravenous infusion.!!>!!” Increased 
bleeding incidences have been reported in patients in whom aPTT is prolonged to 
more than twice the upper limit of the therapeutic range in at least 50% of the tested 
samples. For every 10-second increase in aPTT, major bleeding complications are 
increased by 7%.!!7 


Patients with acute kidney injury or chronic kidney disease (serum creatinine 
>2 mg/dL) are at greater risk of bleeding associated with low molecular heparins 
or glycoprotein IIb/IIIa receptor antagonists than patients with normal kidney 
function.”°?7°3 Many of these agents are excreted renally and may accumulate in 
patients with kidney disease. Dose adjustments may be necessary; however, there 
currently are no published data regarding the optimal dosing regimen in patients 
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with kidney disease. Patients >75 years of age have a higher rate of ICH after 
treatment with glycoprotein IIb/IIa receptor antagonists. |! 


The use of aspirin for both primary and secondary prevention of vascular 
events including ischemic stroke has been associated with increased risk of ICH 
(RR 1.35). Because significant benefit is achieved with the use of aspirin, 
evaluation of possible risk factors for ICH may assist in judging if the risk exceeds 
the benefit. Risk factors for aspirin-induced ICH include age (older than 75 years), 
race (black), hypertension, amyloid accumulation, history of epistaxis, high dose 
(>650 mg/day), bleeding disorders, and neoplasm.” 


Use of combinations of agents such as antiplatelet drugs, anticoagulants, or 
thrombolytics may provide additive beneficial effects in patients with heart disease 
or stroke or TIAs, but these combinations also increase the risk of ICH. 
Concomitant use of aspirin with warfarin or heparin and glycoprotein I[b/II]a 
antagonists is associated with an increased incidence of bleeding.!!’ The use of 
combinations of oral antiplatelet agents for secondary prevention of stroke or acute 
coronary syndromes has become a common practice, based on the results of 
clinical trials showing additive benefit when combining therapy with extended- 
release dipyridamole or clopidogrel with aspirin. However, a study that evaluated 
the combination of aspirin and clopidogrel for prevention of recurrent stroke or 
TIA reported an absolute 1.3% increase in the risk of life-threatening bleeding. 
This combination therapy was not associated with a reduction in vascular events, 
so the risks of the combination therapy appeared to outweigh the benefits.2°* There 
are newer ongoing trials that are assessing the safety of short-term use of dual 
antiplatelet drugs following minor stroke or TIA that will identify the risk-benefit 
ratio. 


Table 11-12 Approaches to Help Prevent Drug-Induced 
Intracerebral Hemorrhage 


Drug Prevention 


Alcohol Moderation Men should consume no more than 2 drinks/day and 
nonpregnant women should consume no more than | 
drink/day 

Control hypertension 
All drugs General risk factor Control of hypertension (blood pressure <130/80 mm 


modification Hg) 


Discontinue drugs known to be associated with stroke 
in patients at high risk 


Cigarette smoking Smoking cessation Encourage patient and family to stop smoking 
Provide counseling, nicotine replacement and formal 
programs 
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Substance abuse Cessation Rehabilitation program 


Target specific oral Control of hypertension 
anticoagulants Combination of aspirin and clopidogrel may accentuate 
ICH risk 
Evaluate for potential drug interactions 
Thrombolytic therapy Assess risk benefit and Follow recommended inclusion/exclusion selection 
monitor patients closely | _ criteria outlined in acute ischemic stroke 

guidelines®> 

Warfarin Assess risk benefit and Maintain INR <3 


monitor patients closely | Control of hypertension 
Caution in elderly patients who are at highest risk 


Avoid combinations of warfarin with antiplatelet agents 





Evaluate for potential drug interactions 


ICH = intracerebral hemorrhage, INR = international normalized ratio. 


MORBIDITY AND MORTALITY 


ICH accounts for only a small percentage of all stroke cases but is associated with 
the highest incidence of mortality (in-hospital mortality of ~34%). Therefore, the 
mortality rates associated with drug-induced ICH may be high. 


PREVENTION 


The most effective means of prevention of drug-induced stroke is avoidance of 
agents known to be associated with ICH, especially in high-risk patients. Strategies 
for prevention of drug-induced hemorrhagic stroke are listed in Table 11-12. 
Patients receiving anticoagulant therapy should be closely monitored for intensity 
of anticoagulation, kidney function, and the possibility of drug interactions. Careful 
selection of ischemic stroke patients as candidates to receive intravenous rt-PA is 
also important. However, the mainstay of prevention is patient education and 
identification of risk factors, particularly in those patients that are at high risk.!*! 


MANAGEMENT 


The management of any ICH patient has many phases: prevention of ICH, 
supportive and medical management during the acute phase, measures to mitigate 
the ongoing pathologic process, and rehabilitation. In addition, discontinuation of 
the offending agent (if identified) is essential. 


All patients with acute drug-induced ICH should be hospitalized, and most 
require care in an intensive care unit. Guidelines for the management of patients 


with ICH have been published previously.!®! Patients with ICH often present with 
severe acute hypertension. There is no consensus regarding the ideal target range 
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for blood pressure control. The decision regarding the appropriate target lower 
blood pressure is a balance between minimizing hematoma volume and preventing 
ischemic changes. There is an ongoing study to assess the efficacy of early (within 
4.5 hours of symptom onset) intensive blood pressure lowering (systolic blood 
pressure <140 mm Hg) for improving outcome after ICH. Until completion of this 
study, guidelines suggest that, in patients presenting with systolic blood pressure 
between 150 and 220 mm Hg and without contraindication to acute intervention, 
lowering blood pressure to a systolic pressure of 140 mm Hg is safe. For those 
presenting with systolic blood pressure above 220 mm Hg, blood pressure should 
be reduced aggressively via continuous intravenous infusion of antihypertensive 
agents.!®! Surgical evacuation of the hematoma may be necessary in some patients. 
General medical management and supportive care are indicated for all patients to 
prevent complications (i.e., intracranial hypertension, hyperthermia, 
hyperglycemia).!*! 

If ICH occurs in the setting of thrombolytic, anticoagulant, or antiplatelet 
therapy, immediate cessation of therapy with the causative agent is indicated, with 
rapid reversal of the impaired clotting profile. Patients with ICH who are receiving 
unfractionated heparin or low-molecular weight heparin should receive protamine 
sulfate (1 mg/100 units of heparin or 1 mg of enoxaparin). The dose of protamine 
should be adjusted according to the time elapsed from last heparin dose. For 
example, if heparin was discontinued within the previous 30-60 minutes, the 
protamine dose is 0.5—0.75 mg/100 units of heparin; if the heparin infusion was 
discontinued within the previous 60—120 minutes, the protamine dose is 0.375-0.5 
mg/100 units of heparin; if the heparin infusion was discontinued more than 120 
minutes ago, the protamine dose is 0.25—0.375 mg/100 units of heparin. Protamine 
sulfate should be administered intravenously over 10 minutes in doses not to 
exceed 50 mg because of the potential risk of severe systemic hypotension.!*! 
Patients with bleeding caused by platelet dysfunction should receive platelet 
transfusions (6 units) and/or a single dose of desmopressin (0.3 mcg/kg). For ICH 
related to thrombolytic therapy, the currently recommended management is platelet 
infusion (6-8 units) and cryoprecipitate that contains factor VIII.!*! 


Patients who are receiving warfarin with INR elevation and experiencing ICH 
should undergo INR reversal immediately. The treatment options include fresh 
frozen plasma (FFP), prothrombin-complex concentrates (PCCs), activated PCC 
FEIBA (factor VII inhibitor bypassing activity), vitamin K, and recombinant 
activated factor Vila (rFVIla).2°° Therapy should never be withheld to check 
coagulation profiles because normalization of the INR with some of these 
approaches may require several hours. Administration of PCCs normalizes the INR 
more rapidly than FFP, and PCCs can be given in smaller volumes, thus decreasing 
the risk of heart failure exacerbation associated with FFP. Therefore, PCCs may be 
preferred over FFP.!'*! Recombinant activated factor VIIa does not replace all 
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clotting factors and, although the INR may be lowered, clotting may not be restored 
in vivo; therefore rF VIIa is not recommended for warfarin reversal in patients with 
ICH.!*! Administration of intravenous vitamin K alone is insufficient for warfarin 
reversal during the first hours, but should be part of all acute warfarin reversal 
strategies at a dose of 5S—10 mg. 


Idarucizumab is currently the only antidote available for reversing the effects of 
the target-specific oral anticoagulants (specifically dabigatran). However, other 
antidotes, including andexanet alfa and aripazine, have been developed and have 
shown promise in early clinical trials evaluating their efficacy and safety for 
reversal of factor Xa inhibitors.2°° The newer target-specific oral anticoagulants 
are different from warfarin in that they have relatively short half-lives of 5—15 
hours in patients with normal kidney function. Evaluation of prothrombin time with 
selected agents (apixaban, rivaroxaban, edoxaban) and thrombin time (dabigatran) 
may be helpful for individualization of care. Until the newer antidotes are 
available, potential reversal strategies for apixaban, rivaroxaban, and edoxaban 
include using FEIBA, PCCs, or rFVIla.2°’ Fresh frozen plasma and vitamin K are 
not useful for reversal of the target-specific oral anticoagulants. Activated charcoal 
can be used if the most recent dose of these drugs was taken within 2 hours. 
Hemodialysis is also another option for management of ICH associated with 
dabigatran, but less so for the other agents because they are more highly protein 
bound.!*! For a more complete review of reversing the effects of antithrombotic 
agents, please refer to the guidelines from the Neurocritical Care Society published 
in 2016.7!° 


A difficult decision after anticoagulation-induced ICH is deciding whether to 
reinitiate anticoagulant therapy. There are no strict guidelines on the length of time 
to withhold anticoagulation therapy following ICH. Avoidance of oral 
anticoagulation for at least 4 weeks in patients without mechanical heart valves 
might decrease the risk of ICH recurrence. The guidelines also recommend 
avoidance of long-term anticoagulation with warfarin in patients with nonvalvular 
atrial fibrillation after warfarin-associated spontaneous lobar ICH because of the 
high risk of recurrence.!*! The safety of the target-specific oral anticoagulants in 
patients with atrial fibrillation and past ICH is unknown. 


INFORMATION FOR PATIENTS 


Risk factor assessment of patients and drug profile review for potential drug 
interactions is essential for prevention of drug-induced ICH. Because patients do 
not obtain many of the drugs that are known to cause ICH at pharmacies, it is 
extremely important that patients at risk are counseled to consult their healthcare 
professionals before purchasing nonprescription drug or herbal products. For 
example, patients with hypertension should be advised that cough and cold products 
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or herbal products, including energy drinks may contain sympathomimetic agents 
that could place them at increased risk for drug-induced hemorrhagic stroke. 
Prevention of head injury is very important, especially when patients are taking 
anticoagulants or antiplatelets that might cause intracranial bleeding if they hit their 
head. It is important that patients realize they can still have a healthy active 
lifestyle, but just be cautious of activities (e.g., skiing, hockey, soccer) that might 
place them at high risk for falling or hitting their head. Patients receiving 
combinations of agents that are known to cause hemorrhagic stroke (such as 
anticoagulants and aspirin) should be informed regarding the increased risk. 
Patients should be instructed to inform their healthcare professionals of all 
medications that they are taking, to facilitate a full evaluation of potential agents 
that may be associated with drug-induced hemorrhagic stroke. It is important for 
patients to closely adhere to the regimens prescribed including scheduled 
laboratory monitoring to minimize the risk associated with the use of some of these 
agents. 


REFERENCES 


l. Go AS, Mozaffarian D, Roger VL et al. Heart disease and stroke statistics 
—2014 update: a report from the American Heart Association. 
Circulation. 2014; 129:e28-292. 

2 Heron M. Deaths: leading causes for 2007. Natl Vital Stat Rep. 2011; 
59:1-95. 

3. Reynolds K, Lewis B, Nolen JD et al. Alcohol consumption and risk of 
stroke: a meta-analysis. JAMA. 2003; 289:579-88. 

4. Kaplan EH, Gottesman RF, Llinas RH et al. The association between 
specific substances of abuse and subcortical intracerebral hemorrhage 
versus ischemic lacunar infarction. Front Neurol. 2014; 5:174. 

>. Bostwick DG. Amphetamine induced cerebral vasculitis. Hum Pathol. 
1981; 12:1031-3. 


6. Kaku DA, Lowenstein DH. Emergence of recreational drug abuse as a 
major risk factor for stroke in young adults. Ann Int Med. 1990; 113:821- 
Th 


fe De Silva DA, Wong MC, Lee MP et al. Amphetamine-associated ischemic 
stroke: clinical presentation and proposed pathogenesis. J Stroke 
Cerebrovasc Dis. 2007; 16:185-6. 

8. Azak A, Oksuzoglu B, Deren T et al. Cerebrovascular accident during 
cisplatin-based combination chemotherapy of testicular germ cell tumor: 
an unusual case report. Anticancer Drugs. 2008; 19:97-8. 


457 


10. 


ite 


IZ 


Ni 


14. 


re 


16. 


Vy. 


18. 


Ly. 


20. 


el. 


nee 


2m. 


24. 


Dietrich J, Marienhagen J, Schalke B et al. Vascular neurotoxicity 
following chemotherapy with cisplatin, ifosfamide, and etoposide. Ann 
Pharmacother. 2004;3 8:242-6. 

El Amrani M, Heinzlef O, Debroucker T et al. Brain infarction following 
5-fluorouracil and cisplatin therapy. Neurology. 1998; 51:899-901. 

Gerl A, Clemm C, Wilmanns W. Acute cerebrovascular event after 
cisplatin-based chemotherapy for testicular cancer. Lancet. 1991; 
338:385-6. 

Li SH, Chen WH, Tang Y et al. Incidence of ischemic stroke post- 
chemotherapy: a retrospective review of 10,963 patients. Clin Neurol 
Neurosur. 2006; 108:150-6. 

Russmann S, Winkler A, Lovblad KO et al. Lethal ischemic stroke after 
cisplatin-based chemotherapy for testicular carcinoma and cannabis 
inhalation. Eur Neurol. 2002; 48:178-80. 

Serrano-Castro PJ, Guardado-Santervas P, Olivares-Romero J. Ischemic 
stroke following cisplatin and 5-fluorouracil therapy: a transcranial 
Doppler study. Eur Neurol. 2000; 44:63-4. 

Meattim I, Scotti V, Pescini F et al. Ischemic stroke during cisplatin-based 
chemotherapy for testicular germ cell tumor: case report and review of the 
literature. J Chemother. 2010; 22:134-6. 

Cregler LL, Mark H. Medical complications of cocaine abuse. New Engl J 
Med. 1986; 315:1495-500. 

Daras M, Tuchman AJ, Marks S. Central nervous system infarction related 
to cocaine abuse. Stroke. 1991; 22:1320-5. 

Fredericks RK, Lefkowitz DS, Challa VR et al. Cerebral vasculitis 
associated with cocaine abuse. Stroke. 1991; 22:1437-9. 

Klonoff DC, Andrews BT, Obana WG. Stroke associated with cocaine 
use. Arch Neurol. 1989; 46:989-93. 

Levine SR, Washington JM, Jefferson MF et al. “Crack” cocaine- 
associated stroke. Neurology. 1987; 37:1849-53. 

Levine SR, Welch KM. Cocaine and stroke. Stroke. 1988; 19:779-83. 


Siniscalchi A, Bonci A, Mercuri NB et al. Cocaine dependence and 
stroke: pathogenesis and management. Curr Neurovasc Res. 2015; 12:163- 
TZ 

Sordo L, Indave BI, Barrio G et al. Cocaine use and risk of stroke: a 
systematic review. Drug Alcohol Depend. 2014; 142:1-13. 

Reneman L, Habraken JB, Majoie CB et al. MDMA (“Ecstasy”) and its 
association with cerebrovascular accidents: preliminary findings. AJNR. 
2000; 21:1001-7. 


458 


LD. 


26. 


ree 


28. 


29. 


30. 


alls 


ak 


23% 


34. 


aD. 


36. 


ah 


38. 


20. 


Shin JY, Choi NK, Lee J et al. Risk of ischemic stroke associated with the 
use of antipsychotic drugs in elderly patients: a retrospective cohort study 
in Korea. PloS one. 2015; 10:e0119931. 

Brust JC, Richter RW. Stroke associated with addiction to heroin. J 
Neurol Neurosurg Psychiatry. 1976; 39:194-9. 

Viscoli CM, Brass LM, Kernan WN et al. A clinical trial of estrogen- 
replacement therapy after ischemic stroke. New Engl J Med. 2001; 
345:1243-9, 

Magargal LE, Sanborn GE, Donoso LA et al. Branch retinal artery 
occlusion after excessive use of nasal spray. Ann Ophthalmol. 1985; 
17:500-1. 

Caress JB, Cartwright MS, Donofrio PD et al. The clinical features of 16 
cases of stroke associated with administration of IVIg. Neurology. 2003; 
60:1822-4. 

Meschia JF, Malkoff MD, Biller J. Reversible segmental cerebral arterial 
vasospasm and cerebral infarction: possible association with excessive 
use of sumatriptan and Midrin. Arch Neurol. 1998; 55:712-4. 

Zachariah SB. Stroke after heavy marijuana smoking. Stroke. 1991; 
22:406-9. 

Wolf PA, D’ Agostino RB, Kannel WB et al. Cigarette smoking as a risk 
factor for stroke. The Framingham Study. JAMA. 1988; 259:1025-9. 

Shah RS, Cole JW. Smoking and stroke: the more you smoke the more you 
stroke. Expert Rev Cardiovasc Ther. 2010; 8:917-32. 

Afilalo J, Coussa-Charley MJ, Eisenberg MJ. Long-term risk of ischemic 
stroke associated with rofecoxib. Cardiovasc Drugs Ther. 2007; 21:117- 
20. 

Antman EM, Bennett JS, Daugherty A et al. Use of nonsteroidal 
antiinflammatory drugs: an update for clinicians: a scientific statement 
from the American Heart Association. Circulation. 2007; 115:1634-42. 
Bennett JS, Daugherty A, Herrington D et al. The use of nonsteroidal anti- 
inflammatory drugs (NSAIDs): a science advisory from the American 
Heart Association. Circulation. 2005; 111:1713-6. 

Wooltorton E. Risperidone (Risperdal): increased rate of cerebrovascular 
events in dementia trials. CMAJ. 2002; 167:1269-70. 

Pasternak B, Svanstrom H, Ranthe MF et al. Atypical antipsychotics 
olanzapine, quetiapine, and risperidone and risk of acute major 
cardiovascular events in young and middle-aged adults: a nationwide 
register-based cohort study in Denmark. CNS Drugs. 2014; 28:963-73. 
Shin JY, Choi NK, Jung SY et al. Risk of ischemic stroke with the use of 
risperidone, quetiapine and olanzapine in elderly patients: a population- 


459 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


ak 


a 


cee 


based, case-crossover study. J Psychopharmacol. 2013; 27:638-44. 


Hannaford PC, Croft PR, Kay CR. Oral contraception and _ stroke. 
Evidence from the Royal College of General Practitioners’ Oral 
Contraception Study. Stroke. 1994; 25:935-42. 

Roach RE, Helmerhorst FM, Lijfering WM et al. Combined oral 
contraceptives: the risk of myocardial infarction and ischemic stroke. 
Cochrane Database Syst Rev. 2015; 8:CD011054. 

Milling TJ Jr, Refaat MA, Goldstein JN et al. Thromboembolic events 
after vitamin k antagonist reversal with 4-factor prothrombin complex 
concentrate: exploratory analyses of two randomized, plasma-controlled 
studies. Ann Emerg Med. 2016; 67:96-105. 

Majeed A, Eelde A, Agren A et al. Thromboembolic safety and efficacy of 
prothrombin complex concentrates in the emergency reversal of warfarin 
coagulopathy. Thromb rRes. 2012; 129:146-51. 

Zareh M, Davis A, Henderson S. Reversal of warfarin-induced 
hemorrhage in the emergency department. West J Emerg Med. 2011; 
12:386-92. 

O’Connell KA, Wood JJ, Wise RP et al. Thromboembolic adverse events 
after use of recombinant human coagulation factor Vila. JAMA. 2006; 
295:293-8. 

Noskin O, Jafarimojarrad E, Libman RB et al. Diffuse cerebral 
vasoconstriction (Call-Fleming syndrome) and stroke associated with 
antidepressants. Neurology. 2006; 67:159-60. 

Ramasubbu R. SSRI treatment-associated stroke: causality assessment in 
two cases. Ann Pharmacother. 2004; 38:1197-201. 

Ramasubbu R. Cerebrovascular effects of selective serotonin reuptake 
inhibitors: a systematic review. J Clin Psychiatry. 2004; 65:1642-53. 
Trifiro G, Dieleman J, Sen EF et al. Risk of ischemic stroke associated 
with antidepressant drug use in elderly persons. J Clin Psychopharmacol. 
2010; 30:252-8. 

Shin D, Oh YH, Eom CS et al. Use of selective serotonin reuptake 
inhibitors and risk of stroke: a systematic review and meta-analysis. J 
Neurol. 2014; 261:686-95. 

Hall GC, Brown MM, Mo J et al Triptans in migraine: the risks of stroke, 
cardiovascular disease, and death in practice. Neurology. 2004 ;62:563-8. 
Braithwaite RS, Chlebowski RT, Lau J et al. Meta-analysis of vascular 
and neoplastic events associated with tamoxifen. J Gen Intern Med. 2003; 
18:937-47. 

Bushnell CD, Goldstein LB. Risk of ischemic stroke with tamoxifen 
treatment for breast cancer: a meta-analysis. Neurology. 2004; 63:1230-3. 


460 


54. 


ns 


56. 


of. 


58. 


a, 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


Chan WS, Ray J, Wai EK et al. Risk of stroke in women exposed to low- 
dose oral contraceptives: a critical evaluation of the evidence. Arch Int 
Med. 2004; 164:741-7. 


Gillum LA, Mamidipudi SK, Johnston SC. Ischemic stroke risk with oral 
contraceptives: A meta-analysis. JAMA. 2000; 284:72-8. 


Goldstein LB, Adams R, Alberts MJ et al. Primary prevention of ischemic 
stroke: a guideline from the American Heart Association/American Stroke 
Association Stroke Council. Stroke. 2006; 37:1583-633. 


Lidegaard O. Oral contraception and risk of a cerebral thromboembolic 
attack: results of a case-control study. BMJ (Clinical research ed.) 1993; 
306:956-63. 


Lidegaard O. Oral contraceptives, pregnancy and the risk of cerebral 
thromboembolism: the influence of diabetes, hypertension, migraine and 
previous thrombotic disease. BJOG. 1995; 102:153-9. 

Jick SS, Jick H. The contraceptive patch in relation to ischemic stroke and 
acute myocardial infarction. Pharmacotherapy. 2007; 27:218-20. 
Wassertheil-Smoller S, Hendrix SL, Limacher M et al. Effect of estrogen 
plus progestin on stroke in postmenopausal women: the Women’s Health 
Initiative: a randomized trial. JAMA. 2003; 289:2673-84. 

Patrono C, Baigent C. Nonsteroidal anti-inflammatory drugs and the heart. 
Circulation. 2014; 129:907-16. 

Sloan MA, Kittner SJ, Rigamonti D et al. Occurrence of stroke associated 
with use/abuse of drugs. Neurology. 1991; 41:1358-64. 

Treadwell SD, Robinson TG. Cocaine use and stroke. Postgrad Med J. 
2007; 83:389-94. 

Chillar RK, Jackson AL. Reversible hemiplegia after presumed 
intracarotid injection of Ritalin. New Engl J Med. 1981; 304:1305. 
Kaufman MJ, Levin JM, Ross MH et al. Cocaine-induced cerebral 
vasoconstriction detected in humans with magnetic resonance angiography. 
JAMA. 1998; 279:376-80. 

Friedman E, Gershon S, Rotrosen J. Effects of acute cocaine treatment on 
the turnover of 5-hydroxytryptamine in the rat brain Br J Pharmacol. 
1975; 54:61-4. 

Luman W, Gray RS. Adverse reactions associated with sumatriptan. 
Lancet. 1993; 341:1091-2. 

Tfelt-Hansen P, Ferrari MD, Olesen J. Association between sumatriptan 
and stroke. Lancet. 1993; 342:303. 

O’ Quinn S, Davis RL, Gutterman DL et al. Prospective large-scale study 
of the tolerability of subcutaneous sumatriptan injection for acute treatment 


461 


70. 


fae 


Tis 


(ES 
74. 


fie 


76. 


7h 


78. 


79, 


80. 


81. 


82. 


53. 


of migraine. Cephalalgia. 1999; 19:223-31; discussion 200. 


Kool MJ, Hoeks AP, Struijker Boudier HA et al. Short- and long-term 
effects of smoking on arterial wall properties in habitual smokers. J Am 
Coll Cardiol. 1993; 22:1881-6. 


Kubota K, Yamaguchi T, Abe Y et al. Effects of smoking on regional 
cerebral blood flow in neurologically normal subjects. Stroke. 1983; 
14:720-4. 


Rogers RL, Meyer JS, Shaw TG et al. Cigarette smoking decreases 
cerebral blood flow suggesting increased risk for stroke. JAMA. 1983; 
250:2796-800. 


Beevers DG. Alcohol and hypertension. Lancet. 1977; 2:114-5. 


Brackett DJ, Gauvin DV, Lerner MR et al. Dose- and time-dependent 
cardiovascular responses induced by ethanol. J Pharmacol Exp Ther. 
1994; 268:78-84. 


Lip GY, Beevers DG. Alcohol, hypertension, coronary disease and stroke. 
Clin Exp Pharmacol Physiol. 1995; 22:189-94. 


Konzen JP, Levine SR, Garcia JH. Vasospasm and thrombus formation as 
possible mechanisms of stroke related to alkaloidal cocaine. Stroke. 1995; 
26:1114-8. 


O’Connor AD, Rusyniak DE, Bruno A. Cerebrovascular and 
cardiovascular complications of alcohol and sympathomimetic drug abuse. 
Med Clin North Am 2005; 89:1343-58. 


Togna G, Tempesta E, Togna AR et al. Platelet responsiveness and 
biosynthesis of thromboxane and prostacyclin in response to in vitro 
cocaine treatment. Haemostasis. 1985; 15:100-7. 


Renaud S, Blache D, Dumont E et al. Platelet function after cigarette 
smoking in relation to nicotine and carbon monoxide. Clin Pharmacol 
Ther. 1984; 36:389-95. 


Doll DC, Ringenberg QS, Yarbro JW. Vascular toxicity associated with 
antineoplastic agents. J Clin Oncol. 1986; 4:1405-17. 


Smith DA, Beier MT. Association between risperidone treatment and 
cerebrovascular adverse events: examining the evidence and postulating 
hypotheses for an underlying mechanism. J Am Med Dir Assoc. 2004; 
5:129-32. 


Wolf PA, D’ Agostino RB, Belanger AJ et al. Probability of stroke: a risk 
profile from the Framingham Study. Stroke. 1991; 22:312-8. 

Meschia JF, Bushnell C, Boden-Albala B et al. Guidelines for the primary 
prevention of stroke: a statement for healthcare professionals from the 
American Heart Association/American Stroke Association. Stroke. 2014; 
45:3754-832. 


462 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


a1. 


OL. 


eee 


94. 


93. 


96. 


Taylor TN, Davis PH, Torner JC et al. Lifetime cost of stroke in the United 
States. Stroke. 1996; 27:1459-66. 


Powers WJ, Rabinstein AA, Ackerson T et al.; American Heart 
Association Stroke Council. 2018 guidelines for the early management of 
patients with acute ischemic stroke: a guideline for healthcare 
professionals from the American Heart Association/American Stroke 
Association. Stroke. 2018; 49:e46-110. 


The National Institute of Neurological Disorders and Stroke rt-PA Stroke 
Study Group. Tissue plasminogen activator for acute ischemic stroke. New 
Engl J Med. 1995; 333:1581-7. 


Hacke W, Kaste M, Bluhmki E et al. Thrombolysis with alteplase 3 to 4.5 
hours after acute ischemic stroke. New Engl J Med. 2008; 359:1317-29. 


Prasad K, Krishnan PR. Fever is associated with doubling of odds of 
short-term mortality in ischemic stroke: an updated meta-analysis. Acta 
Neurol Scand. 2010; 122:404-8. 


Vemmos KN, Tsivgoulis G, Spengos K et al. U-shaped relationship 
between mortality and admission blood pressure in patients with acute 
stroke. J Int Med. 2004; 255:257-65. 


Rodriguez-Garcia JL, Botia E, de La Sierra A et al. Significance of 
elevated blood pressure and its management on the short-term outcome of 
patients with acute ischemic stroke. Am J Hypertens. 2005; 18:379-84. 


Yong M, Kaste M. Association of characteristics of blood pressure 
profiles and stroke outcomes in the ECASS-II trial. Stroke. 2008; 39:366- 
a2, 


Kernan WN, Ovbiagele B, Black HR et al. Guidelines for the prevention 
of stroke in patients with stroke and transient ischemic attack: a guideline 
for healthcare professionals from the American Heart 
Association/American Stroke Association. Stroke. 2014; 45:2160-236. 
Adams HP Jr, Effron MB, Torner J et al. Emergency administration of 
abciximab for treatment of patients with acute ischemic stroke: results of 
an international phase III trial: Abciximab in Emergency Treatment of 
Stroke Trial (AbESTT-ID. Stroke. 2008; 39:87-99. 

Walsh RD, Barrett KM, Aguilar MI et al. Intracranial hemorrhage 
following neuroendovascular procedures with abciximab is associated 
with high mortality: a multicenter series. Neurocritical Care. 2011; 15:85- 
D>. 

Goodman SJ, Becker DP. Intracranial hemorrhage associated with 
amphetamine abuse. JAMA. 1970; 212:480. 

Nakagawa K, Vento MA, Ing MM et al. Racial disparities in 
methamphetamine-associated intracerebral hemorrhage. Neurology. 2015; 


463 


07. 


98. 


99. 


100. 


101. 


Iz. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


Itz. 


84:995-1001. 

McEvoy AW, Kitchen ND, Thomas DG. Intracerebral haemorrhage and 
drug abuse in young adults. Br J Neurosurg. 2000; 14:449-54. 

Granger CB, Alexander JH, McMurray JJ et al. Apixaban versus warfarin 
in patients with atrial fibrillation. New Engl J Med. 2011; 365:981-92. 
Gorelick PB, Weisman SM. Risk of hemorrhagic stroke with aspirin use: 
an update. Stroke. 2005; 36:1801-7. 

He J, Whelton PK, Vu B et al Aspirin and risk of hemorrhagic stroke: a 
meta-analysis of randomized controlled trials. JAMA. 1998; 280:1930-5. 
Hart RG, Tonarelli SB, Pearce LA. Avoiding central nervous system 
bleeding during antithrombotic therapy: recent data and ideas. Stroke. 
2005; 36:1588-93. 

Green RM, Kelly KM, Gabrielsen T et al. Multiple intracerebral 
hemorrhages after smoking “crack” cocaine. Stroke. 1990; 21:957-62. 
Nolte KB, Brass LM, Fletterick CF. Intracranial hemorrhage associated 
with cocaine abuse: a prospective autopsy study. Neurology. 1996; 
46:1291-6. 

Martin-Schild S, Albright KC, Hallevi H et al. Intracerebral hemorrhage 
in cocaine users. Stroke. 2010; 41:680-4. 

Connolly SJ, Ezekowitz MD, Yusuf S et al. Dabigatran versus warfarin in 
patients with atrial fibrillation. New Engl J Med. 2009; 361:1139-51. 

Hart RG, Diener HC, Yang S et al. Intracranial hemorrhage in atrial 
fibrillation patients during anticoagulation with warfarin or dabigatran: the 
RE-LY trial. Stroke. 2012; 43:1511-7. 

Giugliano RP, Ruff CT, Braunwald E et al. Edoxaban versus warfarin in 
patients with atrial fibrillation. New Engl J Med. 2013; 369:2093-104. 
Bruno A, Nolte KB, Chapin J. Stroke associated with ephedrine use. 
Neurology. 1993; 43:1313-6. 

Haller CA, Benowitz NL. Adverse cardiovascular and central nervous 
system events associated with dietary supplements containing ephedra 
alkaloids. New Engl J Med. 2000; 343:1833-8. 

Morgenstern LB, Viscoli CM, Kernan WN et al. Use of Ephedra- 
containing products and risk for hemorrhagic stroke. Neurology. 2003; 
60:132-5. 

Samenuk D, Link MS, Homoud MK et al. Adverse cardiovascular events 
temporally associated with ma huang, an herbal source of ephedrine. 
Mayo Clin Proc. 2002; 77:12-6. 

Ali A, Hashem M, Rosman HS et al. Glycoprotein IIb/IIIa receptor 
antagonists and risk of bleeding: a single-center experience in 1020 


464 


10 


114. 


IS. 


116. 


i Ws 


118. 


Ly 


120. 


121, 


I22. 


123, 


124. 


i. 


126. 


patients. J Clin Pharmacol. 2004; 44:1328-32. 


Iakovou I, Dangas G, Mintz GS et al. Comparison of frequency of 
hemorrhagic stroke in patients <75 years versus > or =75 years of age 
among patients receiving glycoprotein I[lb/IIla inhibitors during 
percutaneous coronary interventions. Am J Cardiol. 2004; 93:346-9. 


Qureshi AI, Hussain MS, Nasar A et al. Intracranial hemorrhages 
associated with intravenous platelet glycoprotein IIB/IIIA receptor 
inhibitors in the United States. Cardiovasc Drugs Ther. 2005; 19:371-3. 
The International Stroke Trial (IST): a randomised trial of aspirin, 
subcutaneous heparin, both, or neither among 19435 patients with acute 
ischaemic stroke. International Stroke Trial Collaborative Group. Lancet. 
1997; 349:1569-81. 

Kase CS, Robinson RK, Stein RW et al. Anticoagulant-related 
intracerebral hemorrhage. Neurology. 1985; 35:943-8. 

Levine MN, Raskob G, Beyth RJ et al. Hemorrhagic complications of 
anticoagulant treatment: the Seventh ACCP Conference on Antithrombotic 
and Thrombolytic Therapy. Chest. 2004; 126:287S-310S. 

Beghi E, Boglium G, Cosso P et al. Stroke and alcohol intake in a hospital 
population—a case-control study. Stroke. 1995; 26:1691-696. 
Ben-Shlomo Y, Markowe H, Shipley M et al. Stroke risk from alcohol 
consumption using different control groups. Stroke. 1992; 23:1093-8. 
Donahue RP, Abbott RD, Reed DM et al. Alcohol and hemorrhagic stroke 
—The Honolulu Heart Program. JAMA. 1986; 255:2311-4. 

Monforte R, Estruch R, Graus F et al. High ethanol consumption as risk 
factor for intracerebral hemorrhage in young and middle-aged people. 
Stroke. 1990; 21:1529-32. 

Rodgers H, Aitken PD, French JM et al. Alcohol and stroke. A case- 
control study of drinking habits past and present. Stroke. 1993; 24:1473-7. 
Worrall BB, Phillips CD, Henderson KK. Herbal energy drinks, 
phenylpropanoid compounds, and cerebral vasculopathy. Neurology. 
2005; 65:1137-8. 

del Zoppo GJ, Higashida RT, Furlan AJ et al. PROACT: a phase II 
randomized trial of recombinant pro-urokinase by direct arterial delivery 
in acute middle cerebral artery stroke. Stroke. 1998; 29:4-11. 

Kase CS, Furlan AJ, Wechsler LR et al. Cerebral hemorrhage after intra- 
arterial thrombolysis for ischemic stroke: the PROACT II trial. Neurology. 
2001; 57:1603-10. 

Singer OC, Berkefeld J, Lorenz MW et al. Risk of symptomatic 
intracerebral hemorrhage in patients treated with intra-arterial 
thrombolysis. Cerebrovasc Dis. 2009; 27:368-74. 


465 


Ia). 


128, 


Ly. 


130. 


eo 


iss 


Kee 


134. 


133; 


136. 


ii, 


138. 


139. 


140. 


Agnelli G, Piovella F, Buoncristiani P et al. Enoxaparin plus compression 
stockings compared with compression stockings alone in the prevention of 
venous thromboembolism after elective neurosurgery. New Engl J Med. 
1998; 339:80-5. 


Geerts WH, Jay RM, Code KI et al. A comparison of low-dose heparin 
with low-molecular-weight heparin as prophylaxis against venous 
thromboembolism after major trauma. New Engl J Med. 1996; 335:701-7. 


Nurmohamed MT, van Riel AM, Henkens CM et al. Low molecular weight 
heparin and compression stockings in the prevention of venous 
thromboembolism in neurosurgery. J Thromb Haemost. 1996; 75:233-8. 


The Publications Committee for the Trial of ORG 10172 in Acute Stroke 
Treatment (TOAST) Investigators. Low molecular weight heparinoid, 
ORG 10172 (danaparoid), and outcome after acute ischemic stroke: a 
randomized controlled trial. JAMA. 1998; 279:1265-72. 


Kurth T, Kase CS, Berger K et al. Smoking and risk of hemorrhagic stroke 
in women. Stroke. 2003; 34:2792-5. 


Bonita R, Scragg R, Stewart A et al. Cigarette smoking and risk of 
premature stroke in men and women. BMJ (Clinical research ed.) 1986; 
293:6-8. 

Colditz GA, Bonita R, Stampfer MJ et al. Cigarette smoking and risk of 
stroke in middle-aged women. New Engl J Med. 1988; 318:937-41. 


Cantu C, Arauz A, Murillo-Bonilla LM et al. Stroke associated with 
sympathomimetics contained in over-the-counter cough and cold drugs. 
Stroke. 2003; 34:1667-72. 


Fallis RJ, Fisher M. Cerebral vasculitis and hemorrhage associated with 
phenylpropanolamine. Neurology. 1985; 35:405-7. 


Forman HP, Levin S, Stewart B et al. Cerebral vasculitis and hemorrhage 
in an adolescent taking diet pills containing phenylpropanolamine: case 
report and review of literature. Pediatrics. 1989; 83:737-41. 

Kernan WN, Viscoli CM, Brass LMet al. Phenylpropanolamine and the 
risk of hemorrhagic stroke. New Engl J Med. 2000; 343:1826-32. 

Yoon BW, Bae HJ, Hong KS et al. Phenylpropanolamine contained in cold 
remedies and risk of hemorrhagic stroke. Neurology. 2007; 68:146-9. 
Montalban J, Ibanez L, Rodriguez C et al Cerebral infarction after 
excessive use of nasal decongestants. J Neurol Neurosurg Psychiatry. 
1989; 52:541-3. 

Hankey GJ, Stevens SR, Piccini JP et al. Intracranial hemorrhage among 
patients with atrial fibrillation anticoagulated with warfarin or 
rivaroxaban: the rivaroxaban once daily, oral, direct factor Xa inhibition 


466 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


150. 


lip B 


eee 


compared with vitamin K antagonism for prevention of stroke and 
embolism trial in atrial fibrillation. Stroke. 2014; 4:1304-12. 


Rao NM, Levine SR, Gornbein JA et al. Defining clinically relevant 
cerebral hemorrhage after thrombolytic therapy for stroke: analysis of the 
National Institute of Neurological Disorders and Stroke tissue-type 
plasminogen activator trials. Stroke. 2014; 45:2728-33. 


Wahlgren N, Ahmed N, Davalos A et al. Thrombolysis with alteplase for 
acute ischaemic stroke in the Safe Implementation of Thrombolysis in 
Stroke-Monitoring Study (SITS-MOST): an observational study. Lancet. 
2007; 369:275-82. 


Bak S, Tsiropoulos I, Kjaersgaard JO et al. Selective serotonin reuptake 
inhibitors and the risk of stroke: a population-based case-control study. 
Stroke. 2002; 33:1465-73. 


de Abajo FJ. Effects of selective serotonin reuptake inhibitors on platelet 
function: mechanisms, clinical outcomes and implications for use in 
elderly patients. Drugs & Aging. 2011; 28:345-67. 

de Abajo FJ, Jick H, Derby L et al. Intracranial haemorrhage and use of 
selective serotonin reuptake inhibitors. Br J Clin Pharmacol. 2000; 
50:43-7. 

Hackam DG, Mrkobrada M. Selective serotonin reuptake inhibitors and 
brain hemorrhage: a meta-analysis. Neurology. 2012; 79:1862-5. 
Amarenco P, Bogousslavsky J, Callahan A III et al. High-dose atorvastatin 
after stroke or transient ischemic attack. New Engl J Med. 2006; 355:549- 
59. 

Ariesen MJ, Claus SP, Rinkel GJ et al. Risk factors for intracerebral 
hemorrhage in the general population: a systematic review. Stroke. 2003; 
34:2060-5. 

Iso H, Jacobs Dr Jr, Wentworth D et al. Serum cholesterol levels and six- 
year mortality from stroke in 350,977 men screened for the multiple risk 
factor intervention trial. New Engl J Med. 1989; 320:904-10. 

Sturgeon JD, Folsom AR, Longstreth WT Jr et al. Risk factors for 
intracerebral hemorrhage in a pooled prospective study. Stroke. 2007; 
38:2718-25. 

Thrift A, McNeil J, Donnan G. Reduced frequency of high cholesterol 
levels among patients with intracerebral haemorrhage. J Clin Neurosci. 
2002; 9:376-80. 

Goldstein LB, Amarenco P, Szarek M et al. Hemorrhagic stroke in the 
Stroke Prevention by Aggressive Reduction in Cholesterol Levels study. 
Neurology. 2008; 70:2364-70. 


467 


153. 


154. 


>. 


156, 


| 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


165. 


166. 


167. 


Hackam DG, Austin PC, Huang A et al. Statins and intracerebral 
hemorrhage: a retrospective cohort study. Arch Neurol. 2012; 69:39-45. 
Gebel JM, Sila CA, Sloan MA et al. Thrombolysis-related intracranial 
hemorrhage: a radiographic analysis of 244 cases from the GUSTO-1 trial 
with clinical correlation. Stroke. 1998; 29:563-9. 

Gurwitz JH, Gore JM, Goldberg RJ et al. Risk for intracranial hemorrhage 
after tissue plasminogen activator treatment for acute myocardial 
infarction. Ann Int Med. 1998; 129:597-604. 

Kase CS, Pessin MS, Zivin JA et al. Intracranial hemorrhage after 


coronary thrombolysis with tissue plasminogen activator. Am J Med. 1992; 
92:384-90. 

Fang MC, Chang Y, Hylek EM et al. Advanced age, anticoagulation 
intensity, and risk for intracranial hemorrhage among patients taking 
warfarin for atrial fibrillation. Ann Int Med. 2004; 141:745-52. 

Gorter JW. Major bleeding during anticoagulation after cerebral ischemia: 
patterns and risk factors. Neurology. 1999; 53:1319-27. 

Hart RG, Boop BS, Anderson DC. Oral anticoagulants and intracranial 
hemorrhage. Facts and hypotheses. Stroke. 1995; 26:1471-7. 

Hylek EM, Evans-Molina C, Shea C et al. Major hemorrhage and 
tolerability of warfarin in the first year of therapy among elderly patients 
with atrial fibrillation. Circulation. 2007; 115:2689-96. 

Steiner T, Rosand J, Diringer M. Intracerebral hemorrhage associated with 
oral anticoagulant therapy: current practices and unresolved questions. 
Stroke. 2006; 37:256-62. 

Fang MC, Go AS, Hylek EM et al. Age and the risk of warfarin-associated 
hemorrhage: the anticoagulation and risk factors in atrial fibrillation study. 
J Am Geriatr Soc. 2006; 54:1231-6. 

Saver JL. Hemorrhage after thrombolytic therapy for stroke: the clinically 
relevant number needed to harm. Stroke. 2007; 38:2279-83. 

Lansberg MG, Albers GW, Wijman CA. Symptomatic intracerebral 
hemorrhage following thrombolytic therapy for acute ischemic stroke: a 
review of the risk factors. Cerebrovasc Dis. 2007; 24:1-10. 

Lansberg MG, Thijs VN, Bammer R et al. Risk factors of symptomatic 
intracerebral hemorrhage after tPA therapy for acute stroke. Stroke. 2007; 
38:2275-8. 

Gage BF, Yan Y, Milligan PE et al. Clinical classification schemes for 
predicting hemorrhage: results from the National Registry of Atrial 
Fibrillation (NRAF). Am Heart J. 2006; 151:713-9. 

Pisters R, Lane DA, Nieuwlaat R et al. A novel user-friendly score (HAS- 
BLED) to assess 1-year risk of major bleeding in patients with atrial 


468 


168. 


169. 


170. 


171. 


lig 2 


Uy: 


174. 


Wace 


176. 


Lys, 


178. 


179. 


fibrillation: the Euro Heart Survey. Chest. 2010; 138:1093-100. 


Fang MC, Go AS, Chang Y et al. Death and disability from warfarin- 
associated intracranial and extracranial hemorrhages. Am J Med. 2007; 
120:700-5. 


Linkins LA, Choi PT, Douketis JD. Clinical impact of bleeding in patients 
taking oral anticoagulant therapy for venous thromboembolism: a meta- 
analysis. Ann Int Med. 2003; 139:893-900. 


Chai-Adisaksopha C, Crowther M, Isayama T et al. The impact of 
bleeding complications in patients receiving target-specific oral 
anticoagulants: a systematic review and meta-analysis. Blood. 2014; 
124:2450-8. 


Ruff CT, Giugliano RP, Braunwald E et al. Comparison of the efficacy and 
safety of new oral anticoagulants with warfarin in patients with atrial 
fibrillation: a meta-analysis of randomised trials. Lancet. 2014; 383:955- 
62. 


Hylek EM, Held C, Alexander JH et al. Major bleeding in patients with 
atrial fibrillation receiving apixaban or warfarin: the ARISTOTLE Trial 
(apixaban for reduction in stroke and other thromboembolic events in 
atrial fibrillation): predictors, characteristics, and clinical outcomes. J Am 
Coll Cardiol. 2014; 63:2141-7. 


Piccini JP, Garg J, Patel MR et al. Management of major bleeding events 
in patients treated with rivaroxaban vs. warfarin: results from the 
ROCKET AF trial. Eur Heart J. 2014; 35:1873-80. 

Hankey GJ, Patel MR, Stevens SR et al. Rivaroxaban compared with 
warfarin in patients with atrial fibrillation and previous stroke or transient 
ischaemic attack: a subgroup analysis of ROCKET AF. Lancet Neurol. 
2012; 112315-22. 

Connolly SJ, Eikelboom J, Joyner C et al. Apixaban in patients with atrial 
fibrillation. New Engl J Med. 2011; 364:806-17. 

Juvela S, Hillbom M, Palomaki H. Risk factors for spontaneous 
intracerebral hemorrhage. Stroke. 1995; 26:1558-64. 

Ooneda G, Yoshida Y, Suzuki K et al. Smooth muscle cells in the 
development of plasmatic arterionecrosis, arteriosclerosis, and arterial 
contraction. Blood Vessels. 1978; 15:148-56. 

Third Report of the National Cholesterol Education Program (NCEP) 
Expert Panel on Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (Adult Treatment Panel III) final report. Circulation. 
2002; 106:3143-21. 

McKinney JS, Kostis WJ. Statin therapy and the risk of intracerebral 
hemorrhage: a meta-analysis of 31 randomized controlled trials. Stroke. 


469 


180. 


181. 


182. 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


Ig2, 


193. 


2012; 43:2149-56. 


Tapia-Perez JH, Rupa R, Zilke R et al. Continued statin therapy could 
improve the outcome after spontaneous intracerebral hemorrhage. 
Neurosurg Rey. 2013; 36:279-87; discussion 287. 


Hemphill JC, 3rd, Greenberg SM, Anderson CS et al. Guidelines for the 
management of spontaneous intracerebral hemorrhage: a guideline for 
healthcare professionals from the American Heart Association/American 
Stroke Association. Stroke. 2015; 46:2032-60. 


Weitz JI, Buller HR. Direct thrombin inhibitors in acute coronary 
syndromes: present and future. Circulation. 2002; 105:1004-11. 


Choi NK, Park BJ, Jeong SW et al. Nonaspirin nonsteroidal anti- 
inflammatory drugs and hemorrhagic stroke risk: the acute brain bleeding 
analysis study. Stroke. 2008; 39:845-9. 


Aarts N, Akoudad S, Noordam R et al. Inhibition of serotonin reuptake by 
antidepressants and cerebral microbleeds in the general population. 
Stroke. 2014; 45:1951-7. 


Lopponen P, Tetri S, Juvela S et al. Association between warfarin 
combined with serotonin-modulating antidepressants and increased case 
fatality in primary intracerebral hemorrhage: a population-based study. J 
Neurosurg. 2014; 120:1358-63. 

Qureshi AI, Tuhrim S, Broderick JP et al. Spontaneous intracerebral 
hemorrhage. New Engl J Med. 2001; 344:1450-60. 

Haller CA, Jacob P II, Benowitz NL. Pharmacology of ephedra alkaloids 
and caffeine after single-dose dietary supplement use. Clin Pharmacol 
Ther. 2002; 71:421-32. 

Benowitz NL. Clinical pharmacology of caffeine. Ann Rev Med. 1990; 
41:277-88. 

Robertson D, Frolich JC, Carr RK et al. Effects of caffeine on plasma 
renin activity, catecholamines and blood pressure. New Engl J Med. 1978; 
298:181-6. 

Skop BP, Brown TM. Potential vascular and bleeding complications of 
treatment with selective serotonin reuptake inhibitors. Psychosomatics. 
1996; 37:12-6. 

De Clerck F. The role of serotonin in thrombogenesis. Clin Physiol 
Biochem. 1990; 8:40-9. 

Huynh T, Cox JL, Massel D et al. Predictors of intracranial hemorrhage 
with fibrinolytic therapy in unselected community patients: a report from 
the FASTRAK II project. Am J Heart. 2004; 148:86-91. 


Khatri P, Wechsler LR, Broderick JP. Intracranial hemorrhage associated 
with revascularization therapies. Stroke. 2007; 38:431-40. 


470 


194. 


195. 


196. 


Ly? 


198. 


199. 


200. 


201. 


202, 


Zt). 


204. 


Zi: 


206. 


Katzan IL, Furlan AJ, Lloyd LE et al. Use of tissue-type plasminogen 
activator for acute ischemic stroke: the Cleveland area experience. JAMA. 
2000; 283:1151-8. 


Tanne D, Bates VE, Verro P et al. Initial clinical experience with IV tissue 
plasminogen activator for acute ischemic stroke: a multicenter survey. The 
t-PA Stroke Survey Group. Neurology. 1999; 53:424-7. 


Sung SF, Chen SC, Lin HJ et al. Comparison of risk-scoring systems in 
predicting symptomatic intracerebral hemorrhage after intravenous 
thrombolysis. Stroke. 2013; 44:1561-6. 


Brown NJ, Ryder D, Branch RA. A pharmacodynamic interaction between 
caffeine and phenylpropanolamine. Clin Pharmacol Ther. 1991; 50:363- 
71. 


Loizou LA, Hamilton JG, Tsementzis SA. Intracranial haemorrhage in 
association with pseudoephedrine overdose. J Neurol Neurosurg 
Psychiatryy. 1982; 45:471-2. 


Wooten MR, Khangure MS, Murphy MJ. Intracerebral hemorrhage and 
vasculitis related to ephedrine abuse. Ann Neurol. 1983; 13:337-40. 


Hughes M, Lip GY. Risk factors for anticoagulation-related bleeding 
complications in patients with atrial fibrillation: a systematic review. 
OJM. 2007; 100:599-607. 


Torn M, Algra A, Rosendaal FR. Oral anticoagulation for cerebral 
ischemia of arterial origin: high initial bleeding risk. Neurology. 2001; 
57:1993-9, 


Farooq V, Hegarty J, Chandrasekar T et al. Serious adverse incidents with 
the usage of low molecular weight heparins in patients with chronic kidney 
disease. Am J Kidney Dis. 2004; 43:531-7. 


Fernandez JS, Sadaniantz BT, Sadaniantz A. Review of antithrombotic 
agents used for acute coronary syndromes in renal patients. Am J Kidney 
Dis. 2003; 42:446-55. 


Diener HC, Bogousslavsky J, Brass LM et al. Aspirin and clopidogrel 
compared with clopidogrel alone after recent ischaemic stroke or transient 
ischaemic attack in high-risk patients (MATCH): randomised, double- 
blind, placebo-controlled trial. Lancet. 2004; 364:331-7. 


Holbrook A, Schulman S, Witt DM et al. Evidence-based management of 
anticoagulant therapy: antithrombotic therapy and prevention of 
thrombosis, 9th ed: American College of Chest Physicians Evidence- 
Based Clinical Practice Guidelines. Chest. 2012; 141:e152S-184S. 

Mo Y, Yam FK. Recent advances in the development of specific antidotes 
for target-specific oral anticoagulants. Pharmacother. 2015; 35:198-207. 


471 


207. 


208. 


209. 


210), 


Kaatz S, Crowther M. Reversal of target-specific oral anticoagulants. J 
Thromb Thrombolysis. 2013; 36:195-202. 


Mazya M, Egido JA, Ford GA et al. Predicting the risk of symptomatic 
intracerebral hemorrhage in ischemic stroke treated with intravenous 
alteplase: safe implementation of treatments in stroke (SITS) symptomatic 
intracerebral hemorrhage risk score. Stroke. 2012; 43:1524-31. 

Kidwell CS, Saver JL, Carneado J et al. Predictors of hemorrhagic 
transformation in patients receiving intra-arterial thrombolysis. Stroke. 
2002; 33:717-24. 

Frontera JA, Lewin JJ 3rd, Rabinstein AA et al. Guidelines for reversal of 
antithrombotics in intracranial hemorrhage: a statement for healthcare 


professionals from the Neurocritical Care Society and Society of Critical 
Care Medicine. Neurocrit Care. 2016; 24:6-46. 


472 





CHAPTER 12 


Movement Disorders 


Jack J. Chen, Khashayar Dashtipour, and David M. Swope 


In the United States and across the globe, drug-induced movement disorders 
(DIMDs) are a significant iatrogenic burden among selected patient populations, 
such as those receiving psychotropic agents for psychiatric disorders or antiemetic 
drugs (e.g., droperidol, metoclopramide, prochlorperazine) for gastrointestinal 
disorders.! DIMDs refer to a variety of distinct, treatment-emergent, involuntary 
movements, including akathisia, tardive dyskinesia (TDk), dystonia, and 
parkinsonism, which may interfere with medication adherence, performance of 
motor tasks, and psychosocial interactions. In patients with psychiatric disorders, 
DIMDs are a significant source of distress and discomfort resulting in medication 
nonadherence or refusal, subsequent relapse and rehospitalization, and increased 
use of healthcare resources.2 In one study, patients with schizophrenia or 
schizoaffective disorder in whom antipsychotic-induced DIMD developed were 40 
times more likely to discontinue maintenance medication therapy.?> DIMDs are 
under-recognized iatrogenic conditions. In one study, resident physicians failed to 
detect or recognize more than 50% of cases of TDk and drug-induced 
parkinsonism.* 
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DIMDs can be described as acute or tardive. Acute DIMDs (e.g., acute 
akathisia, acute dystonia) occur within hours to days after exposure. Tardive (i.e., 
delayed onset) DIMDs (e.g., tardive akathisia, TDk, tardive dystonia) occur months 
to years after drug exposure. Patients with DIMDs commonly present with two or 
more coexistent movement disorders.*° Examples of DIMD combinations include 
TDk with parkinsonism, TDk with tardive dystonia, and TDk with akathisia. 


Soon after the introduction of conventional antipsychotics in the 1950s, it 
became obvious that these agents were a cause of iatrogenic movement disorders. 
These DIMDs were termed extrapyramidal symptoms (EPS) or side effects, which 
implies the involvement of extrapyramidal regions (1.e., basal ganglia and 
thalamus) as opposed to the corticospinal pyramidal motor system. Subsequently, 
as induction of EPS became viewed as a typical and expected correlate to 
antipsychotic efficacy, the term neuroleptic (“seize the nerves”) was coined.’ The 
introduction of clozapine, an antipsychotic nearly devoid of EPS, in the late 1980s 
demonstrated that development of EPS was not a requisite for antipsychotic 
efficacy, and thus the newer antipsychotics are referred to as atypical. It is 
important to note that EPS is not synonymous with DIMDs. The former refers 
collectively to drug-induced dystonia, parkinsonism, and TDk. Drug-induced 
akathisia 1s considered a DIMD but not an EPS. 


It has been clearly established that atypical antipsychotics are associated with a 
significantly lower risk of DIMDs compared with that associated with conventional 
neuroleptics (with or without concurrent antimuscarinic prophylaxis).*!> However, 
among the category of atypical antipsychotics, differences in risk of EPS exist. 
Clozapine and pimavanserin are associated with the lowest risk of EPS. 
Lurasidone, olanzapine, paliperidone, risperidone, and ziprasidone are associated 
with higher risks of dose-dependent EPS. 


Movement disorders are also associated with other psychotropic drugs, such as 
lithium, selective serotonin reuptake inhibitors (SSRIs), psychostimulants, and 
tricyclic antidepressants (TCAs). Tremor commonly occurs in association with 
lithium treatment, which also occasionally causes chorea.'* Treatment with SSRIs 
may cause akathisia and tremor, but rarely induces dyskinesia, dystonia, or 
parkinsonism.!>!© Psychostimulants (e.g, amphetamine, methylphenidate, 
pemoline) have occasionally been reported to produce a variety of movement 
disorders such as dyskinesias, dystonia, stereotypic behavior, and tics.!’ The most 
common movement disorders associated with TCAs are akathisia, myoclonus, and 
tremor.!*!° Antiepileptic agents rarely induce movement disorders, with the 
exception of valproate, which is frequently associated with tremor and, to a lesser 
extent, parkinsonism. Carbamazepine, ethosuximide, felbamate, gabapentin, 
phenobarbital, and phenytoin have rarely been associated with dyskinesia or 
dystonic reactions.7? For many years, chorea has been recognized as a complication 
of estrogen- and progesterone-containing products (e.g., oral contraceptives).*! 
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Antiemetics that block central dopamine receptors (i.e., droperidol, 
metoclopramide, prochlorperazine) are also commonly implicated in the various 
DIMDs.”*° 

Drug-induced tremor, although not uncommon, will not be discussed in this 
chapter, and readers are referred elsewhere for further reading.*° Readers are also 
referred elsewhere for discussions on drug-induced myoclonus (abrupt, brief, and 
sudden “shock-like” involuntary movements), levodopa-induced dyskinesias, 
neuroleptic malignant syndrome, restless legs syndrome, and motor tics.*’°* The 
primary topics that will be covered in this chapter are drug-induced akathisias, 
TDk, dystonias, and parkinsonism. 


AKATHISIA (ACUTE AND TARDIVE) 


The term akathisia 1s derived from Greek (“not sitting still”), and was initially 
used at the turn of the 20th century to describe the restlessness and pacing observed 
in patients diagnosed with hysteria and neuroses. Akathisia is now used extensively 
to describe the restlessness and pacing behavior induced by neuroleptics and other 
drugs. Akathisia induced by psychotropic agents can be a distressing adverse 
effect, resulting in poor treatment adherence and, consequently, an increased risk of 
relapse or exacerbation of the underlying psychiatric disorder. 


CAUSATIVE AGENTS 


Agents implicated in drug-induced akathisia are listed in Table 12-1.747>°>-4 
Conventional neuroleptics and antidopaminergic antiemetics are the most 
commonly implicated drugs in acute and tardive akathisia. Several atypical 
antipsychotics also induce akathisia, albeit with lower incidences as compared 
with conventional neuroleptics. The SSRIs and the serotonin—-norepinephrine 
reuptake inhibitor mirtazapine are also commonly implicated in acute akathisia, but 
rarely in tardive akathisia. 


EPIDEMIOLOGY 


Acute akathisia occurs in 20-30% of patients taking conventional neuroleptics but 
has been reported in up to 76% of patients.**>° The incidence of tardive akathisia 
is approximately 30%.°° 

The atypical antipsychotics (e.g., aripiprazole, clozapine, iloperidone, 
olanzapine, paliperidone, quetiapine, risperidone, ziprasidone) also induce 
akathisia, although the risk is lower than that associated with conventional 
neuroleptics. In one study, the prevalence of akathisia associated with clozapine, 
risperidone, and conventional neuroleptics was 7.3%, 13%, and 23.8%, 
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respectively.°’ However, at daily doses >6 mg, the frequency of risperidone- 
induced akathisia increases significantly. The incidence of akathisia in iloperidone- 


treated patients is low and similar to that of placebo.**? 


Table 12-1 Agents Implicated in Drug-Induced Akathisia 








Incidence _ | Level of Evidence® 





ANTIEMETICS/GASTRIC MOTILITY AGENTS 


Droperidol24 B 
Metoclopramide24,25 B 
Prochlorperazine24 B 
Promethazine33 B 
ANTIEPILEPTICS 

Carbamazepine4 1 C 
PSYCHOTROPICS 

Amoxapine42 C 
Atypical antipsychotics37-39,b A 
Conventional neuroleptics34-37,c A 
Lithium43 C 
Selective serotonin-reuptake inhibitors40,d B 
Tricyclic antidepressants44,e C 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bAmisulpride, aripiprazole, asenapine, brexpiprazole, cariprazine, clozapine, iloperidone, lurasidone, olanzapine, 


paliperidone, quetiapine, risperidone, sertindole, ziprasidone. 
cChlorpromazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, promazine, thioridazine, 


thiothixene, trifluoperazine, triflupromazine. 
dCitalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline. 


eAmitriptyline, clomipramine, desipramine, doxepin, imipramine, nortriptyline. 


Akathisia is also induced by SSRIs and TCAs. Although the incidence of SSRI- 
and TCA-induced akathisia has not been studied systematically, it appears to occur 
in at least 5% of patients treated with SSRIs, with higher rates associated with 


stimulating SSRIs (e.g. fluoxetine, paroxetine).*? Treatment-emergent anxiety, 
agitation, and restlessness are commonly reported in association with 


4 


~ 
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antidepressants (especially within the first 2 weeks of initiating treatment), and it is 
possible that a subset of these patients are experiencing akathisia. 


Akathisia also frequently occurs in association with antidopaminergic 
antiemetics. In one study, acute, transient akathisia occurred in 71.4%, 25%, 
35.3%, and 11.1% of patients treated with droperidol, metoclopramide, 
prochlorperazine, and placebo, respectively.*4 Rapid intravenous infusion of 
metoclopramide is associated with a higher incidence of akathisia compared with 
slow infusion.” 


MECHANISMS 


The pathophysiologic mechanism of drug-induced acute akathisia is not well 
understood, but involves altered dopaminergic and serotonergic activity (Table 12- 
2). This theory is supported by the observation that akathisia is a well-recognized 
effect of centrally-acting dopamine-receptor—blocking agents (DRBAs). The 
dopaminergic pathway of the mesolimbic tract appears to be affected, and the 
stronger the antidopaminergic effect of a drug, the higher the incidence of 
akathisia.*? Serotonergic and noradrenergic input in the ventral tegmental area 
exerts an inhibitory effect on mesocortical dopamine transmission. This 1s 
supported by the observation that akathisia may be caused by serotonergic agents 
such as SSRIs, and the positive therapeutic response to antiserotonergic therapies 
such as 5-hydroxytryptophan (serotonin) type 2 (5-HT,) receptor blockers (e.g., 


cyproheptadine) and the noradrenergic B-receptor blocker propranolol (which also 
possesses antiserotonergic activity). In addition, the atypical antipsychotics, which 
also block 5-HT, receptors, are associated with lower rates of akathisia compared 


to those of conventional neuroleptics. Iron deficiency has been implicated as a 
component of the pathophysiologic mechanism for akathisia, but the data are 
inconsistent.*° The mechanism underlying the tardive form of akathisia is less well 
understood, but is probably distinct from that of acute akathisia. 


Table 12-2 Mechanisms of Drug-Induced Akathisia 
Drug 














Mechanism 





Amoxapine 
Atypical antipsychoticsa 


Postsynaptic blockade of dopamine type 2 receptors in 
the mesocortical pathway 


Conventional neurolepticsb 


Droperidol 
Metoclopramide 
Prochlorperazine 
Promethazine 





Selective serotonin reuptake inhibitorsc Tricyclic Stimulation of 5-hydroxytryptophan (serotonin) type 2 


receptors in the ventral tegmental area, resulting in 
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antidepressantsd hypofunction of the dopaminergic mesocortical 
pathway 


Carbamazepine Unknown 


Lithium 





aAmisulpride, aripiprazole, asenapine, brexpiprazole, cariprazine, clozapine, iloperidone, lurasidone, olanzapine, 


paliperidone, quetiapine, risperidone, sertindole, ziprasidone. 
bChlorpromazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, promazine, thioridazine, 


thiothixene, trifluoperazine, triflupromazine. 
cCitalopram, escitalopram, fluoxetine, fluvoxamine, paroxetine, sertraline. 


dAmitriptyline, clomipramine, desipramine, doxepin, imipramine, nortriptyline. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


According to the Diagnostic and Statistical Manual of Mental Disorders, Sth 
Edition (DSM-V), medication-induced akathisia is comprised of both a subjective 
and an objective component.*’ The core features are subjective symptoms of 
restlessness (commonly referable to the legs) and at least one of the following 
objective findings: fidgety movements or leg swinging while seated, marching on 
the spot while standing, rocking from one foot to another, pacing to relieve 
subjective restlessness, or an inability to sit or stand still for several minutes 
(Table 12-3). Subjective dysphoria is a major component of neuroleptic-induced 
akathisia and includes apprehension, an inner sense of restlessness (often in the 
legs), anxiety, and the urge to move. Significant mental distress is experienced if the 
patient is asked to not move or is restrained from moving. Unlike most movement 
disorders, which are involuntary, the movements associated with akathisia (e.g., 
fidgeting, leg or body shifting, toe tapping, walking) are voluntary, and occur in 
response to the subjective feeling of restlessness or discomfort. As with other 
movement disorders, anxiety or stress exacerbates pre-existing akathisia. 


Symptoms of acute akathisia may occur within an hour (as with intravenously 
administered antidopaminergic antiemetics) to within several weeks of initiating or 
increasing the dose of the offending drug, and may also develop after neuroleptic 
therapy cessation or dose reduction (i.e., withdrawal akathisia). Occasionally, the 
discontinuation of therapy with a concurrent antiakathisia agent (e.g., propranolol) 
may unmask akathisia. Although the temporal criteria for tardive akathisia are 
debatable, the onset of symptoms after 3 months of stable drug therapy is 
considered tardive. 


Table 12-3 Signs and Symptoms Associated with Drug-Induced 


Movement Disorders 
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Akathisia 


* Subjective feeling of restlessness and need to move 

* Objective symptoms of pacing, walking in place, foot or toe tapping, rocking while seated 
¢ Distress if restrained or unable to move 

¢ Symptoms may improve during sleep or in a supine position 


Tardive dyskinesia 


¢ Abnormal involuntary choreoathetoid movements affecting the orofacial region, tongue, upper and lower 
extremities, and trunk 

¢ Symptoms are not painful but may result in embarrassment in social settings and difficulty with chewing, 
speaking, and swallowing 

¢ Lip smacking, chewing movements, and tongue protrusion are common 


Dystonia 


¢ Sustained involuntary muscle contractions or spasms resulting in abnormal postures or twisting and repetitive 
movements 

¢ Affected body parts include the neck, upper and lower extremities, jaw, larynx, and trunk 

¢ Symptoms associated with distress, pain, and disability 

¢ Difficulty with walking, breathing, head turning, speech, and swallowing 


Parkinsonism 


¢ Tremor, rigidity, slowness of movement affecting bilateral upper and lower extremities, and truncal regions 
* Masked facies, micrographia, slow shuffling gait, and stooped posture 


Drug-induced akathisia may be mistaken for anxiety, psychotic agitation, drug 
withdrawal symptoms, or restless legs syndrome (Table 12-4). Acute drug-induced 
akathisia should be suspected if symptoms develop soon after the initiation of 
therapy with potentially causative drugs and in the absence of other conditions 
associated with restlessness. In contrast to restless legs syndrome, patients with 
akathisia may report improvement when lying down or sleeping, absence of lower 
extremity paresthesias, absence of diurnal pattern, and absence of periodic leg 
movements in sleep. 


Table 12-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Movement Disorders 





Akathisia 


¢ Alcohol or drug withdrawal 
¢ Anxiety disorder 

* Psychic agitation 

* Restless legs syndrome 


Tardive dyskinesia 


¢ Edentulism 
¢ Huntington disease 
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¢ Hyperthyroidism 

* Levodopa-induced dyskinesia 

* Neuroacanthocytosis (choreoacanthocytosis) 
¢ Sydenham chorea 

¢ Wilson disease 


Dystonia 


¢ Arthritis 

¢ Atlantoaxial rotary subluxation 
* Catatonia 

* Conversion reaction 

* Dopa-responsive dystonia 
Huntington disease 

Idiopathic dystonia 

Inherited dystonias 

* Neuroleptic malignant syndrome 
* Orthopedic disorder 

¢ Tetanus 

¢ Wilson disease 


Parkinsonism 


¢ Essential tremor 

* Hypothyroidism 

¢ Parkinson disease (nondrug-induced) 
* Severe depression 

¢ Wilson disease 


Tardive akathisia may be suspected in the absence of other conditions 
associated with restlessness. The symptoms of tardive akathisia are similar to those 
of acute akathisia, except that patients with tardive akathisia tend to report less 
distressing subjective symptoms and are able to suppress movements or remain still 
for longer periods. The Barnes Akathisia Rating Scale (BARS) may be used for 
akathisia detection and assessment.*® The BARS is a clinician-rated assessment 
tool, composed of four items used to assess the presence and severity of drug- 
induced akathisia. The BARS rates both objective items (e.g., observed 
restlessness) and subjective items (e.g., patients’ awareness of restlessness and 
related distress), in addition to a global clinical assessment of akathisia. 


RISK FACTORS 


Risk factors for drug-induced akathisia are not well described, but include older 
age, concurrent mood disorder (e.g., anxiety, bipolar disorder, depression), 
cognitive impairment, female sex, history of akathisia, intellectual disability, iron 
deficiency, presence of negative symptoms of schizophrenia, use of high-dose 
neuroleptics, rapid neuroleptic dose escalation, and use of high-potency 


neuroleptics (Table 12-5).3°3749 
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Table 12-5 Risk Factors for Drug-Induced Akathisia 





¢ Advanced age 

* Cognitive impairment 

* Female sex 

* High dose neuroleptic therapy 

¢ High potency neuroleptic therapy 
* History of akathisia 

* Intellectual disability 

* Tron deficiency 

* Mood disorder 

* Presence of negative symptoms of schizophrenia 
* Rapid neuroleptic dose escalation 


MORBIDITY AND MORTALITY 


When left untreated, the symptoms of acute drug-induced akathisia may gradually 
subside or may fluctuate over time. In some patients, acute akathisia may become 
chronic and persist for months or years. Acute akathisia has been associated with 
promoting aggression, suicidal behavior, and treatment nonadherence in patients 
with schizophrenia.*°>* Worsening of anxiety and aggressive behavior may result in 
an increase in neuroleptic dose, which in turn may exacerbate the underlying 
akathisia. Although tardive akathisia may slowly remit upon drug discontinuation, it 
often persists. 


PREVENTION 


Approaches to help prevent drug-induced akathisia are summarized in Table 12-6. 
As with most drug-induced diseases, prevention is very important. Primary 
prevention aided by knowledge and recognition of risk factors is a key factor for 
minimizing the burden of akathisia. The necessity of short- or long-term use of 
potentially causative agents should be carefully evaluated. If indicated, the lowest 
effective dose should be used, and patients should undergo regular evaluations for 
emergence of akathisia. Standardized titration of doses of antipsychotic agents to 
avoid excessive dose escalation and the use of atypical antipsychotics are 
successful means of prevention. Although iron deficiency has been associated with 
acute and tardive akathisia, routine iron supplementation as a preventive or 
treatment intervention is not supported by available evidence.> In patients at high 
risk of akathisia (e.g., history of akathisia), concurrent administration of an 
antimuscarinic agent or B-blocker is reasonable. 


Table 12-6 Approaches to Help Prevent Drug-Induced 
Akathisia 
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Amoxapine, atypical antipsychotics, conventional neuroleptics, 
lithium, metoclopramide 


* Use lowest effective dose 

* Use standardized dose titration to avoid excessive dose escalation 

* Correct underlying iron deficiency 

¢ If high risk for akathisia (e.g., prior history of akathisia) exists, concurrent administration of an 
antimuscarinic agent or B-blocker is recommended 


Droperidol, prochlorperazine, promethazine, selective serotonin 
reuptake inhibitors, tricyclic antidepressants 


¢ Use lowest effective dose 


Carbamazepine 


* None known 


MANAGEMENT 


Early detection is a key factor in the probability of eventual remission of drug- 
induced akathisia. If treatment with an implicated agent has been extended for 3 
months or longer, the patient should be examined periodically to determine the 
presence of subjective and objective features of akathisia. When akathisia 1s 
detected, several management approaches can be initiated (Table 12-7). 


Table 12-7 Management of Drug-Induced Akathisia 


¢ Discontinue or reduce dose of causative agent 

* If due to neuroleptic, switch to an atypical antipsychotic 

* Consider trial of antimuscarinic agent or nonselective B-blocker (i.e. propranolol) 

* Miscellaneous other agents may be effective (amantadine, benzodiazepine, clonidine, cyproheptadine, 
mianserin, mirtazapine) 


For patients with acute akathisia, the causative agent should be discontinued, if 
possible. For neuroleptic-treated patients, a switch to an atypical antipsychotic or 
alternative agent should be considered. In patients in whom causative agents have 
been discontinued, the akathisia may promptly resolve, only to be replaced with 
increased agitation and anxiety. Care should be taken to differentiate these 
symptoms from those of persistent akathisia. Administration of a lipophilic B- 
blocker, such as propranolol, is effective and well-tolerated.* B,-receptor 


inhibition appears to be crucial for efficacy, as B;-receptor selective agents are less 


effective.°> However, a trial of a cardioselective, B,-receptor blocker is reasonable 
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if B,-blockade is undesirable. The hydrophilic B-blockers (e.g., atenolol, nadolol) 
do not appear to be effective. B-blockers should be avoided in patients with a 
history of cardiac conduction blocks, orthostatic hypotension, or reactive airway 
disease. Administration of antimuscarinic agents (e.g. benztropine, 
diphenhydramine), benzodiazepines, or antiserotonergic agents (cyproheptadine) 1s 
also effective and may be preferable if sedation is desired.°*°®>® However, these 
agents should be used with caution in elderly patients with cognitive impairment. 
Less commonly used agents include amantadine, amitriptyline, clonidine, 
mianserin, mirtazapine, and mild opioids (e.g., codeine or propoxyphene).°”-™ 

Treatment of drug-induced tardive akathisia is difficult, as no drug therapy 
consistently provides benefit. If possible, therapy with the suspected agent should 
be discontinued, or modification of therapy from a conventional neuroleptic to an 
atypical antipsychotic should be performed. Antimuscarinic agents and B-blockers 
may be considered. However, compared with their use in patients with acute 
akathisia, improvement is less likely to occur. 


INFORMATION FOR PATIENTS 


Before initiating therapy with antipsychotic agents, clinicians should inform 
patients regarding the purpose of antipsychotic treatment and the potential risk of 
movement disorders, such as akathisia, and to document that this counseling has 
been performed. Informed consent is recommended by some clinicians, and should 
be updated yearly or when there is a change in antipsychotic therapy. The patient’s 
family members or caregivers can play a role in monitoring and reporting any 
abnormal movements. Patients and caregivers should be educated regarding the 
symptoms of akathisia and the importance of timely reporting, because early 
detection reduces the risk of irreversible abnormal movements. 


TARDIVE DYSKINESIA 


TDk (also referred to as tardive stereotypy) presents as delayed-onset movements 
manifesting as repetitive, coordinated, seemingly purposeful movements affecting 
the orofacial area (e.g., lips, tongue, mouth). TDk does not present as 
parkinsonism-based resting tremor. Many patients with TDk develop a combination 
of movement disorders, and the presence of multiple movement disorders should 
alert the clinician to the possibility of DIMDs. 


CAUSATIVE AGENTS 


TDk is a persistent DIMD that develops after at least 1 month of treatment with 
DRBAs. Agents implicated in TDk are listed in Table 12-8.%!37° The term 
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tardive dyskinesias emphasizes the delayed or tardive onset of choreoathetoid, 
stereotypic movements. 





Table 12-8 Agents Implicated in Drug-Induced Tardive 






Dyskinesia 
Level of 
Incidence Evidence* 


ANTIEMETICS/GASTRIC MOTILITY AGENTS 
Metoclopramide23 


Prochlorperazine23 


PSYCHOTROPICS 


Amoxapine65 
Atypical antipsychotics9-11,13,b 


Conventional neuroleptics 12,13,c 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bAmisulpride, aripiprazole, asenapine, brexpiprazole, cariprazine, iloperidone, lurasidone, olanzapine, 


paliperidone, quetiapine, risperidone, sertindole, ziprasidone. 
cChlorpromazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, promazine, thioridazine, 


thiothixene, trifluoperazine, triflupromazine. 


EPIDEMIOLOGY 


Since the initial reports in the late 1950s and early 1960s, TDk has become one of 
the most recognized DIMDs.°%® In the early 1970s, product labeling for all 
antipsychotic drugs was revised to include information regarding TDk. Although 
symptoms may initially be mild, many patients develop progressively severe TDk, 
resulting in meaningful disability. In a study of antipsychotic-naive patients with 
first-episode schizophrenia, the incidence of persistent TDk increased with longer 
duration of treatment.©’ The cumulative incidence of TDk was 4.8% after 1 year, 
7.2% after 2 years, and 15.6% after 4 years. Increasing antipsychotic drug dose 
was associated with a modestly increased risk of TDk, with each 100-mg 
chlorpromazine equivalent unit increase associated with a 5% increase in the risk 
of TDk. In the Hillside Hospital TDk study, young patients (mean age 29 years) 
were followed prospectively for several years.’? The incidence of TDk associated 
with neuroleptic treatment was 5.3% per year, similar to that in other prospective 
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studies.!2 The authors concluded that, at the end of 5 years, approximately one in 
four patients treated with neuroleptics were at risk for TDk. It is important to note 
that peculiar, choreiform orofacial movements were observed in patients with 
schizophrenia before the advent of conventional neuroleptic therapy and _ that 
dyskinesias may be an intrinsic motor feature of schizophrenia.’! Although 
spontaneous dyskinesias occur, the data provide strong evidence demonstrating an 
increased incidence of TDk associated with neuroleptic drug exposure. 

The overall incidence of TDk associated with neuroleptic drug therapy ranges 
from 0.5 to 70%.’”7? This range reflects differences in diagnostic criteria, duration 
of follow-up, sampled population, and study design. Overall, TDk develops in 
approximately 20-30% of patients treated with conventional neuroleptics.’”:/? On 
the basis of studies in young patients, estimates of incidence suggest that TDk 
develops in about 5% of patients per year of neuroleptic exposure.’+ The highest 
incidence and prevalence of TDk appears to occur in the geropsychiatric 
population. In a study of elderly psychiatric patients who had never previously 
received neuroleptic agents, 35.4% developed TDk during neuroleptic treatment.” 
In a prospective study of previously neuroleptic-naive patients 55 years of age or 
older, the cumulative incidence of TDk was 25%, 34%, and 53% after 1, 2, and 3 
years, respectively, of antipsychotic therapy. ’° In another study of middle-aged and 
elderly patients, the cumulative incidence of neuroleptic-induced TDk was 26%, 
52%, and 60% after 1, 2, and 3 years, respectively. ’’ 


Neuroleptic-induced TDk is a class effect among the conventional neuroleptics. 
Although debatable, the risk appears to be similar for all agents within the class 
regardless of formulation (e.g., oral or depot injection). However, the risk of TDk 
is lower in association with atypical antipsychotics, regardless of prior neuroleptic 
exposure.” !? In one review of 11 long-term studies that were published between 
1999 and 2002 (n >2,700 patients), the atypical antipsychotics (olanzapine, 
quetiapine, risperidone, ziprasidone) were associated with a mean annual 
incidence of new-onset TDk of 0.8% in adults, compared with 5.4% of those 
treated with haloperidol.’ Despite the fact that most patients had been exposed to 
conventional neuroleptics prior to treatment with an atypical antipsychotic, the 
incidence of TDk was lower compared to that in haloperidol-treated patients. In 
this study, the risk of TDk associated with atypical antipsychotics was one-fifth that 
of conventional neuroleptics. A subsequent systematic review of 12 newer long- 
term studies published between 2004 and 2006 (1 >30,000 patients) confirmed that 
atypical antipsychotics are associated with a significantly lower incidence of TDk 
as compared with conventional neuroleptics. !° 


Long-term use of antidopaminergic antiemetics or gastric-motility agents is also 
associated with a significant risk of TDk. In one study of 434 patients diagnosed 
with TDk in a movement disorders clinic, the causative agent was metoclopramide 
in 39.4% of patients, followed by prochlorperazine and promethazine in 11.8% and 
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9.4% of patients, respectively.7* In 2009, the U.S. Food and Drug Administration 
issued a mandate that metoclopramide product labeling regarding TDk must be 
strengthened to a black box warning. 


MECHANISMS 


The pathophysiologic basis of drug-induced TDk remains speculative. Results from 
a study utilizing population pharmacokinetic analysis and D, receptor occupancy 


modeling suggests that higher trough D, receptor occupancy (i.e., high trough D, 
receptor blockade) is associated with greater risk of developing TDk.’* Chronic D, 


receptor blockade results in various neurochemical sequelae including striatal 
dopaminergic hypersensitivity, cholinergic deficiency within the basal ganglia, 
dysfunction of striatonigral gamma-aminobutyric acid (GABA)-mediated neurons, 
maladaptive N-methyl-D-aspartate (NMDA)-mediated synaptic _ plasticity, 
glutamate-induced excitotoxicity, and oxidative stress.’”°4 Support for some of 
these hypotheses is derived from observations that antimuscarinic agents worsen 
TDk, whereas agents with GABAergic, antiglutamatergic, and antioxidant activity 
suppress TDk. Other mechanistic factors may include attenuation of nitric oxide— 
mediated neuromodulation in the striatum, genetic polymorphisms of dopamine, 
NMDA and serotonin receptor genes, and neuroleptic-induced neuronal 
apoptosis.®>-°! Ex vivo data from animal models of TDk suggest that presynaptic 
areas such as the substantia nigra are involved.”* The most popular mechanistic 
hypothesis for TDk involves long-term blockade of striatal dopamine D, receptors 


resulting in receptor upregulation and hypersensitization. A postmortem study in 
neuroleptic-treated patients with schizophrenia was unable to detect significant 
differences in striatal dopamine D, or D, receptors between patients with and those 


without TDk.?> However, an in vivo study using radioligand positron-emission 
tomography demonstrated that patients with the highest degree of dopamine D, 


receptor upregulation had severe TDk.™* Within the striatum, GABA and glutamate 
are the major neurotransmitters that modulate the motor circuit. Evidence suggests 
that GABA deficiency enhances dyskinesia, and excess glutamate is implicated in 
neuronal toxicity. Given that several hypotheses are plausible, the pathophysiology 
of TDk most likely involves multiple mechanisms and events. A unifying hypothesis 
can be proposed: use of DRBAs results in increased dopamine turnover followed 
by excess free radical production and subsequent damage to striatal GABAergic 
fibers and reduced inhibitory activity on motor circuits. Concurrently, long-term 
blockade of dopamine receptors results in excessive glutamate activity and 
resultant excitotoxicity. Likewise, long-term dopamine receptor blockade results in 
receptor supersensitivity and persistent changes within the basal ganglia motor 
circuit. 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms of drug-induced TDk are characterized by a combination of involuntary 
choreiform (rapid, jerky, nonrepetitive), athetoid (slow, sinuous, writhing), and 
stereotypic (rhythmic, repetitive) movements (Table 12-3). Regions of the mouth 
and face (1.e., oral, buccal, lingual, masticatory) are most commonly affected, 
followed by upper and lower limbs. Choreiform movements commonly affect the 
proximal muscles, whereas athetoid movements affect the distal muscles. 
Frequently, TDk occurs in the presence of other movement disorders such as 
akathisia, dystonia, or parkinsonism. The onset of drug-induced TDk is insidious, 
and symptoms are initially mild and often unnoticeable to patients. The vast 
majority of TDk cases are associated with antipsychotic treatment. Patients 
receiving long-term metoclopramide or phenothiazine antiemetic treatment are also 
at risk for TDk. Rarely, TDk may occur in association with other agents, such as 
antiepileptics, lithium, oral contraceptives, and SSRIs. If the offending drug is not 
discontinued, remission of TDk is rare. Occasionally, TDk may also occur after 
discontinuation of long-term DRBA treatment. This is reported most commonly in 
children, but in one study 34% of adult patients—with no prior evidence of TDk in 
whom neuroleptic therapy was withdrawn—developed emergent dyskinesia within 
3 weeks.’*+> In general, withdrawal dyskinesia improves within 3 months. Also, 
latent TDk may be “unmasked” during a reduction in neuroleptic dose and during a 
switch to an atypical antipsychotic. 


When assessing a patient presenting with TDk symptoms, the clinician should 
keep in mind that orofacial dyskinesias can be a feature of several other conditions, 
including Huntington disease, hyperthyroidism, levodopa-induced dyskinesias, 
neuroacanthocytosis (choreoacanthocytosis), Sydenham chorea, and Wilson disease 
(Table 12-4). In addition, orofacial dyskinetic-like movements may be observed in 
edentulous individuals as well as patients with schizophrenia who are DRBA- 
naive.”©”’ In one large study of over 2,000 subjects, spontaneous dyskinesia was 
reported in 1.3% of healthy elderly individuals, 4.8% of medical geriatric 
inpatients, and up to 2% of neuroleptic-naive psychiatric patients. ’4 


The diagnosis of drug-induced TDk is straightforward in most cases. For 
assessment purposes, the Abnormal Involuntary Movement Scale (AIMS) 
developed by the National Institute of Mental Health is commonly used, 
particularly in the psychiatric field.?* The AIMS rates dyskinetic movements in 
seven body regions and includes assessments for global severity, functional 
impairment, and self-awareness of symptoms. Orofacial features include 
involuntary blinking, chewing and lower jaw movements, grimacing, lip puckering 
and smacking, tongue protrusion and twisting, and facial tic-like movements. Many 
patients also experience concurrent choreoathetoid or stereotypic movements of the 
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feet, hands, limbs, trunk, head, and neck. Movements of the fingers may appear as 
though the patient is playing an invisible guitar or piano. Occasionally, patients 
exhibit pelvic rocking or “copulatory dyskinesia” and grunting or moaning due to 
respiratory and pharyngeal dyskinesia.”’ Factors associated with exacerbation of 
TDk symptoms include administration of antimuscarinics or sympathomimetic 
stimulants and emotional extremes. Symptoms of TDk can be suppressed for brief 
periods. Distraction during voluntary movements of unaffected body parts (e.g., 
finger-tapping test) or during performance of mental tasks (e.g., arithmetic) unmasks 
latent dyskinesia in other body parts. As with most dyskinesias, symptoms subside 
during sleep and, in mild cases, patients may be unaware of the movements. 


Rabbit syndrome is a rare and peculiar EPS that involves a slow, rhythmic, 
vertical-only tremor of the perioral region that resembles the chewing motions of a 
rabbit. Rabbit syndrome is very specific to the buccal region only and differs from 
orofacial TDk in that tongue involvement is absent. Rabbit syndrome is associated 
predominantly with neuroleptics, with an incidence ranging from 2.3 to 4.4%.! 
Some clinicians consider rabbit syndrome to be a form of drug-induced 
parkinsonism. 


RISK FACTORS 


In general, if patients do not develop TDk during the initial 5 years of neuroleptic 
treatment, the risk of TDk developing during later years of therapy is reduced. Risk 
factors for the development of TDk include older age, mood disorder 
symptomatology, alcoholism or substance-use disorder, concomitant anticholinergic 
use, conventional (as opposed to atypical) neuroleptic use, daily drug dose, 
diabetes mellitus, duration of treatment, previous electroconvulsive treatment, 
female sex, history of EPS, intermittent (as opposed to continuous) neuroleptic 
treatment, iron deficiency, intellectual disability, and organic brain disorder (Table 
12-9),°°.76101-114 Qi der age is also a well-established risk factor. The risk of TDk is 
at least five times greater in elderly patients compared to that in young 
individuals.'!° Not only is TDk more common in the elderly, but TDk also tends to 
be more severe and irreversible in this age group. If multiple risk factors are 
present, an additive effect on risk potential is observed. For example, elderly 
women are very susceptible to TDk. Interestingly, diabetes has been associated as a 
risk factor for TDk in patients with schizophrenia.!%:! Diabetic patients treated 
with metoclopramide are also at increased risk of TDk, compared with 
metoclopramide-treated nondiabetic patients.!!© However, although some atypical 
antipsychotics may induce glucose intolerance and diabetes mellitus, the overall 
risk of TDk remains low compared with that of conventional neuroleptics. The 
presence of a mood disorder has also been implicated as a risk factor for TDk, 
although supportive data are equivocal.!!7!!® 
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Table 12-9 Risk Factors for Drug-Induced Tardive Dyskinesia 





¢ Advanced age 

¢ Alcoholism or substance abuse disorder 
¢ Anticholinergic use 

¢ Daily neuroleptic dose 

* Diabetes mellitus 

* Duration of neuroleptic treatment 

° Female sex 

* History of electroconvulsive therapy 
* History of extrapyramidal symptoms 
* Intermittent neuroleptic treatment 

* Intellectual disability 

* Tron deficiency 

* Mood disorder 

* Organic brain disorder 


MORBIDITY AND MORTALITY 


Once TDk develops, remission rates are low if therapy with the antipsychotic drug 
is continued. In one study, only 11% of patients improved over the course of 5 years 
with continued therapy.!!? If treatment is discontinued upon early detection, 
remission rates are favorable, especially in the younger population, but complete 
remission may require several months to years. However, discontinuation of 
antipsychotic therapy for the purpose of treating TDk is associated with risks, 
primarily psychotic decompensation. Mild cases of TDk are often associated with 
social impairment such as employment difficulties, social isolation, and stigma. 
Anxiety and stress further exacerbate symptoms. In more severe cases, functional 
impairment occurs. Patients experience difficulties with chewing, speaking, and 
swallowing. Orofacial dyskinesias may also result in dental problems, denture 
displacement, and damage to the soft tissues within the oral cavity. Gait 
abnormality associated with lower-extremity dyskinesia may result in falls and 
injury. 


PREVENTION 


Approaches to help prevent drug-induced TDk are summarized in Table 12-10. 
Primary prevention aided by knowledge and recognition of risk factors is key to 
minimizing the burden of TDk. The necessity for long-term therapy with DRBAs 
such as conventional neuroleptics, metoclopramide, and antidopaminergic 
antiemetics should be carefully evaluated. Standardized dose titration to avoid 
excessive dose escalation and the use of atypical antipsychotics, rather than 
conventional antipsychotics, are successful means of prevention. Other strategies 
include use of lowest effective DRBA dose and eliminating unnecessary, prolonged 
drug therapy. Although the use of intermittent antipsychotic treatment (or drug 
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holidays), compared with continuous treatment, may seem like a logical strategy for 
reducing TDk risk, it is actually associated with an increased risk of TDk and 
higher rates of psychosis relapse and rehospitalization.'!!!?° The American 
Psychiatric Association has published specific indications for short- and long-term 
antipsychotic drug treatment. !7! 


Table 12-10 Approaches to Help Prevent Drug-Induced Tardive 


Dyskinesia 





Amoxapine, metoclopramide, prochlorperazine 


* Carefully evaluate the necessity for long-term administration 
¢ Avoid unnecessary, prolonged drug therapy 


Atypical antipsychotics 


* Carefully evaluate the necessity for long-term administration 
¢ Use standardized dose titration to avoid excessive dose escalation 
¢ Use lowest effective dose 


Conventional neuroleptics 


* Carefully evaluate the necessity for long-term administration 

¢ Use standardized dose titration to avoid excessive dose escalation 
* Use lowest effective dose 

* Consider use of atypical antipsychotic agent 


MANAGEMENT 


Early detection of drug-induced TDk is imperative, as remission rates are inversely 
correlated with duration and severity of TDk. For patients with dyskinesias induced 
by non-DRBAs (e.g., antiepileptics, lithium, oral contraceptives, SSRIs), abnormal 
movements generally reverse or improve within weeks after discontinuation of the 
offending drug. For neuroleptic-induced TDk, the movements may improve 
(generally within weeks) in up to 50% of patients after discontinuation of the 
causative agent. Thus, routine assessment for TDk (approximately every 3-6 
months) is recommended. The most consistent predictor of improvement after 
discontinuation of neuroleptic therapy is younger age, with an inverse correlation 
between rates of remission and age.!?* Remission is less likely in patients with 
severe TDk and the elderly. 


Evidence-based guidelines are available for the treatment of tardive syndromes 


(TDS), including TDk.!??!74 The American Academy of Neurology (AAN) 
guidelines address the following questions: 
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1. Is withdrawal of the dopamine receptor blocker an effective treatment for 
TDS? 

2. Does switching from typical to atypical dopamine-blocking agents reduce 
TDS symptoms? 


3. What is the efficacy of drugs in treating TDS? 
Do patients with TDS benefit from chemodenervation with botulinum toxin? 
5. Do patients with TDS benefit from surgical therapy? 


The guidelines state that data are insufficient to support or refute discontinuation of 
therapy with the causative agent as treatment; however, from a clinical context, if 
TDk is present, it is recommended that the clinician discontinue therapy with the 
antipsychotic (applies only to patients who can tolerate this). Occasionally, 
discontinuation of an antipsychotic results in emergence or worsening of dyskinesia 
(i.e., withdrawal dyskinesia); however, withdrawal dyskinesias are generally self- 
limiting within 3 months. 

The AAN guidelines note that short-term withdrawal may worsen TDk. In 
clinical practice, switching from a typical antipsychotic to an atypical antipsychotic 
often results in improvement, and is considered an appropriate approach if 
maintenance antipsychotic treatment is indicated. However, from an evidence- 
based perspective, the AAN panel found that data were insufficient to support or 
refute replacing a typical antipsychotic with an atypical agent to reduce TDk 
symptoms. The AAN panel reviewed studies involving several drugs for the 
treatment of TDk and found high levels of evidence to establish deutetrabenazine 
and valbenazine as effective treatments for TDk. Thus, if pharmacologic 
intervention is required, deutetrabenazine or valbenazine are recommended as first- 
line agents. Only moderate evidence is available to support the use of clonazepam 
and ginkgo biloba and weak evidence to support the use of amantadine and 
tetrabenazine. The AAN panel found insufficient evidence to support or refute the 
use of acetazolamide, a-methyldopa, aripiprazole, botulinum toxin type A, 
buspirone, bromocriptine, baclofen, clozapine, fluperlapine, flupenthixol, 
haloperidol, levetiracetam, melatonin, mifedipine, olanzapine, quetiapine, 
reserpine, selegiline, sertindole, sulpiride, thiamine, thiopropazate, vitamin Bg, 
vitamin E, yi-gan san, ziprasidone, and electroconvulsive therapy. 


Management approaches for drug-induced TDk are summarized in Table 12-11. 
Of note, because anxiety often exacerbates signs and symptoms of TDk, 
concomitant anxiety should be treated appropriately. Treatment of rabbit syndrome 
involves reduction of the neuroleptic dose as much as possible and therapy with an 
antimuscarinic agent may be attempted. This contrasts with orofacial TDk, for 
which addition of an antimuscarinic agent tends to exacerbate the movements. 


_—————  —— ——————SSSae 
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Table 12-11 Management of Drug-Induced Tardive Dyskinesia 


Discontinue or reduce dose of causative agent 

* Discontinue concurrent antimuscarinic agents 

* If due to neuroleptic, switch to an atypical antipsychotic 

* Consider deutetrabenazine or valbenazine as first-line pharmacologic interventions 

* Consider deep brain stimulation (globus pallidus) for medically refractory and severe cases 

* Miscellaneous agents (amantadine, baclofen, botulinum toxin, branched-chain amino acids, clonazepam, 
donepezil, gabapentin, ginkgo biloba, levetiracetam, melatonin, ondansetron, pregabalin, thiamine, verapamil, 
vitamin B6, vitamin E) may be considered if other interventions ineffective or not tolerated 


INFORMATION FOR PATIENTS 


Before initiating therapy with antipsychotics, clinicians should inform patients 
about the purpose of antipsychotic treatment and the potential risk of TDk and 
document that this counseling has been performed.!*> Some clinicians believe that 
such discussion concerning the risk of TDk should occur after the patient’s acute 
psychiatric condition is stabilized, and at the time that treatment for longer than 3 
months is considered.!7° Informed consent is recommended and should be updated 
yearly or when there is a change in antipsychotic medication.!*’ The benefits and 
need for long-term treatment with antipsychotics should be discussed, and patients 
should be informed that long-term treatment can result in TDk, especially with the 
conventional neuroleptics. Patients should understand that movement disorders may 
also occur in association with the atypical antipsychotics, but are much less 
common and that early detection of any antipsychotic movement disorder is 
important and reduces the risk of irreversible abnormal movements. The patient’s 
family members or caregivers can play a role in monitoring and reporting any 
abnormal movements. 


DYSTONIA (ACUTE AND TARDIVE) 


Drug-induced acute dystonia (DIAD) occurs shortly after the introduction of a 
dopamine-receptor blocking agent (e.g., antipsychotic agent) and occasionally after 
a dose increase or switch to a more potent antipsychotic agent, particularly an 
injectable high-potency antipsychotic drug. Dystonic reactions are variable in 
anatomical location and severity and are occasionally painful. The usual 
manifestations are orofacial dystonia, back arching, and neck extension 
(retrocollis). The term tardive dystonia is used to describe late-onset dystonia. 
Tardive dystonia is often indistinguishable from idiopathic torsion dystonia. 
However, patients with tardive dystonia may also have concomitant 
orobuccolingual dyskinesia. 
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CAUSATIVE AGENTS 


Agents implicated in drug-induced dystonia are listed in Table 12-12,11-337,128-16 


EPIDEMIOLOGY 


The reported incidence of DIAD varies widely, from 2% to 94% of patients treated 
with conventional neuroleptics.!**!°° This variance may be attributed to the study 
method, the study setting (e.g., inpatient or outpatient), and the characteristics of the 
study population, including age, concurrent use of antimuscarinic agents, and type 
of neuroleptic agent. Other DRBAs (e.g., metoclopramide, prochlorperazine) are 
also associated with DIAD.!*!!°* A prospective study of neuroleptic-treated 
psychiatric patients reported a prevalence of acute dystonia of 8.5% in those not 
receiving concurrent therapy with antimuscarinic agents.'°’ The prevalence of acute 
dystonia was lower (2.8%) in patients concurrently taking an antimuscarinic drug. 
In the same study, DIAD was more commonly associated with butyrophenone 
antipsychotics (e.g., haloperidol) compared with phenothiazine antipsychotics (e.g., 
chlorpromazine). In an analysis of pooled data from nine studies, the overall 
incidence of antipsychotic-induced acute dystonia in patients not receiving 
antimuscarinic prophylaxis was 14.8%.!°? However, in patients receiving high- 
potency neuroleptics (e.g., haloperidol), the incidence was 51.2%. One 
retrospective study of 159 patients found the incidence of neuroleptic-induced 
dystonia to be 15.7%, while another retrospective study reported an incidence of 
31% in young patients. !+!>° A prospective, 14-day study reported an incidence of 
acute dystonia of 33% associated with haloperidol treatment in young inpatients 
with psychosis not receiving concurrent therapy with antimuscarinic agents. !*° 


Table 12-12 Agents Implicated in Drug-Induced Dystonia 


Level of 
Incidence 









Evidence* 





ANTIEMETICS/GASTRIC MOTILITY AGENTS 
Metoclopramide 132 


Prochlorperazine 131 


PSYCHOTROPICS 
Atypical antipsychotics 11,13,37,b 


Conventional neuroleptics 13,37, 128-130,133-136,c 





aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
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retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 
bAmisulpride, aripiprazole, asenapine, brexpiprazole, cariprazine, iloperidone, lurasidone, olanzapine, 


paliperidone, quetiapine, risperidone, sertindole, ziprasidone. 
cChlorpromazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, promazine, thioridazine, 


thiothixene, trifluoperazine, triflupromazine. 


Tardive dystonia is distinct from TDk, although the two often coexist. Tardive 
dystonia, originally known as dystonia tarda, is defined as an involuntary movement 
predominated by dystonia and associated with the use of a DRBA.!°*:!%? Tardive 
dystonia occurs in approximately 2-4% of patients treated with conventional 
neuroleptics. !*°:'4! However, the true incidence may be much greater. In one study 
of inpatient veterans receiving long-term neuroleptic treatment, the prevalence of 


tardive dystonia was 21.6%.!* 


MECHANISMS 


Mechanisms of acute and tardive dystonias are unclear. Dopaminergic hypofunction 
within the basal ganglia with subsequent overactivity of the cholinergic system has 
been proposed, and this hypothesis is supported by the antidystonia activity of 
antimuscarinic agents. A contrasting hypothesis implicates striatal dopaminergic 
hyperactivity. In addition, other neurotransmitter systems such as GABA and 
serotonin may contribute. 


CLINICAL PRESENTATION AND DIFFERENTIAL 


DIAGNOSIS 


In most cases, the first signs and symptoms of DIAD generally appear within 48 
hours of the initiation of drug therapy and, in virtually all cases, signs and 
symptoms appear within 5 days. Signs and symptoms of DIAD can also occur after 
an increase in the dose of the DRBA or a reduction in the dose of a concomitant 
antimuscarinic agent. The risk of DIAD appears to be greater in younger patients 
and in those receiving DRBAs via the parenteral route. Symptoms include sustained 
muscular contractions or spasms that result in abnormal fixed postures or positions 
of the jaw, neck, shoulders, trunk, and extremities (Table 12-3). The severity of 
symptoms and anatomical distribution varies, but the classic clinical presentation 1s 
characterized by the three Os: oculogyric crisis (conjugate deviation of the eyes 
upward or laterally), opisthotonos or extensor axial dystonia (involuntary posturing 
in which the head, neck, and spine are arched backward), and oromandibular 
dystonia (forceful contractions of the jaw causing difficulty in opening or closing 
the mouth). Blepharospasm (involuntary eyelid closure), trismus (jaw-closing 
dystonia), laryngeal spasm, tongue protrusion, and respiratory stridor may also be 
present. Symptoms are usually painful and can interfere with walking, breathing, 
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speaking, swallowing, and vision. In severe cases (e.g., laryngeal spasm), DIAD 
may be life-threatening. Rhabdomyolysis due to sustained muscle contraction may 
also occur. Acute dystonia is not only painful and frightening to the patient but the 
bizarre posturing may be mistaken for hysterical conversion by observers. If acute 
dystonia occurs in the presence of fever, generalized rigidity, altered level of 
consciousness, and autonomic instability, a diagnosis of neuroleptic malignant 
syndrome should be considered (Table 12-4). Dystonia may also resemble 
catatonia because of the underlying psychiatric disorder. However, in contrast to 
catatonic patients, those in whom dystonia develops report anxiety and discomfort 
and seek treatment. Because of the discomfort associated with DIAD, patients are 
at higher risk for medication nonadherence. 


Tardive dystonia develops after months to years during treatment with a DRBA 
or within 3 months after discontinuation of therapy, and often coexists with TDk. 
Remission of tardive dystonia is uncommon. DRBAs are most commonly 
implicated in tardive dystonia. SSRIs have been rarely implicated.!® In general, the 
diagnosis of tardive dystonia can be made based on the presence of persistent 
dystonia (for longer than 1 month), a documented history of DRBA use, and the 
absence of a general medical or neurologic condition that may account for dystonia 
(e.g., DYTI gene mutations and genetic forms of dystonia, focal lesions of the basal 
ganglia, stiff person syndrome). In contrast to DIAD, symptoms of tardive dystonia 
develop insidiously over weeks to months. Symptoms may or may not be painful 
and can be isolated to one body part (e.g., jaw, cervical area) or may spread to 
contiguous body parts (segmental dystonia) or even generalize to multiple body 
parts. Patients often report that anxiety and stress exacerbate symptoms transiently, 
resulting in daily variations of symptomatology. The clinical presentation of tardive 
dystonia resembles that of an idiopathic focal, segmental, or generalized dystonia. 
Cervical tardive dystonia resembles that of idiopathic cervical dystonia. In patients 
with cervical dystonia, the neck muscles contract involuntarily and sustained 
contractions cause abnormal head and neck posturing (Figure 12-1), whereas 
periodic muscular spasms cause jerky head movements that may resemble head 
tremors. The abnormal posturing may vary from mild to severe, pain may or may 
not be present, and a dystonic head tremor may be present. The concurrent presence 
of oromandibular dystonia with blepharospasm resembles Meige syndrome. 
Blepharospasm affects both eyelids and should not be mistaken for hemifacial 
spasm, which is a peripheral nerve disorder that is generally unilateral and 
involves twitching or myoclonic spasms affecting the eyelids, cheeks, and mouth 
regions. Tardive oromandibular dystonia is associated with persistent difficulty in 
opening or closing the mouth and affects chewing, speech, and swallowing. 
Bruxism may also accompany jaw-closing dystonia. 
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FIGURE 12-1 Cervical Dystonia 


Upper left: rotational; upper right: retrocollis; lower right: anterocollis; lower left: laterocollis. 


Pisa syndrome is a form of axial dystonia that is most commonly associated 
with neuroleptic treatment and is_ characterized by _ sustained truncal 
lateroflexion.'** Drug-induced Pisa syndrome is more common in elderly patients, 
females, those receiving combination antipsychotics, or patients who have organic 
brain pathology (e.g., dementia).'44 The onset of Pisa syndrome may be acute or 
tardive. Treatment consists of administering antimuscarinic agents and 
discontinuing or reducing daily doses of the causative agent. As with tardive 
dystonia, Pisa syndrome responds more favorably to antimuscarinic treatment than 
TDk. However, unlike tardive dystonia, symptoms of Pisa syndrome generally 
abate after discontinuation of therapy with the causative agent. Thus, Pisa syndrome 
may be considered an atypical subtype of tardive dystonia. Rarely, patients with 
tardive dystonia may experience status dystonicus, a life-threatening condition 
associated with severe dystonic spasms resulting in rhabdomyolysis, 
myoglobinuria, and acute kidney injury. 

In addition to idiopathic dystonia, other conditions, such as atlantoaxial rotary 
subluxation, conversion reaction, dopa-responsive dystonia, inherited dystonias 
(e.g., DYTI), Huntington disease, and Wilson disease must be ruled out (Table 12- 
4). Other conditions that cause a twisted neck, such as orthopedic or congenital 
problems of the neck, ophthalmologic conditions resulting in head tilt to 
compensate for double vision, stiff neck, arthritis, or wry neck should also be 
considered. 
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RISK FACTORS 


Risk factors for the development of acute dystonia include young age (<35 
years),!*° previous electroconvulsive therapy, male sex, intellectual disability, and 
use of high-potency neuroleptics (Table 12-13). As with other DIMDs, the 
presence of multiple risk factors confers an additive effective on risk; for example, 
young men are very susceptible to dystonic reactions.'?’ An inverse relationship 
exists between the incidence of DIAD and age. In contrast to TDk, dystonia is 
uncommon in older patients. In one retrospective study, antipsychotic-induced acute 
dystonia was 15 times more common in patients under 35 years of age compared 
with patients older than 35 years (31% versus 2%, respectively).'°> The highest 


risk population is young male patients receiving high-potency neuroleptics.!* 


Table 12-13 Risk Factors for Drug-Induced Dystonia 





High-potency neuroleptics 
* History of electroconvulsive therapy 
* Intellectual disability 
° Male sex 
* Mood disorder 
* Young age (<35 years) 


Patients with mood disorders may be at greater risk of DIAD. In a study of 181 
male patients with mania or schizophrenia treated with conventional neuroleptics, a 
significantly higher proportion of the manic patients (26.1%) developed acute 
dystonia compared to those with schizophrenia (5.9%).'4° However, subsequent 
studies have failed to find a significant difference in the prevalence of DIAD 
between manic and schizophrenic patients. In a prospective study of 31 patients, 
neuroleptic-induced dystonia occurred in 62.5% of patients with mania and 66.7% 
of those with schizophrenia.'*” In another prospective study of 83 male patients, 
neuroleptic-induced acute dystonia was reported in 24% of patients with mania and 
15% of patients with schizophrenia. !4° Manic patients received higher peak doses 
of neuroleptics during the risk period for dystonia, and analysis revealed that peak 
neuroleptic dose and younger age were strongly related to the occurrence of 
dystonia. 

Risk factors for tardive dystonia overlap with some of the risk factors for 
DIAD and include young age, male sex, and the presence of TDk. Children are 
considered high risk for drug-induced tardive dystonia. Duration of therapy is not 
consistently correlated with the risk of drug-induced tardive dystonia, which may 
develop after a relatively short duration of therapy or after years of treatment. In 
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some cases, drug-induced tardive dystonia may develop following a dose increase 
despite a long stable period of treatment. !° 


MORBIDITY AND MORTALITY 


Although drug-induced dystonia generally does not affect mortality, except in rare 
cases of laryngeal spasm or status dystonicus, patients are at higher risk for 
medication nonadherence or refusal because of the discomfort that accompanies a 
dystonic reaction. In moderate-to-severe cases of tardive dystonia, task-specific 
impairment can occur, the likelihood of which depends on the affected body part. 
For example, blepharospasm may impair driving abilities, anterocollis or 
retrocollis can interfere with maintaining an appropriate line of vision that 1s 
required for walking and other sight-directed activities, and jaw-closing dystonia 
can damage dentition. 


PREVENTION 


Approaches to help prevent drug-induced dystonia are summarized in Table 12-14. 
Primary prevention aided by knowledge and recognition of risk factors is key to 
minimizing the burden of drug-induced dystonia. The necessity of short- or long- 
term use of potentially causative DRBAs such as conventional neuroleptics, 
metoclopramide, and antidopaminergic antiemetics should be evaluated carefully. If 
indicated, the lowest effective dose should be administered, and patients should 
undergo regular evaluation for the emergence of dystonic posturing. Standardized 
dose titration to avoid excessive dose escalation and the use of atypical 
antipsychotics are successful means of prevention. 


Table 12-14 Approaches to Help Prevent Drug-Induced 





Dystonia 


Amoxapine, metoclopramide, prochlorperazine 


* Carefully evaluate the necessity for short- or long-term therapy 
¢ Use standardized dose titration to avoid excessive dose escalation 
¢ Administer lowest effective dose 


Atypical antipsychotics 


* Carefully evaluate the necessity for short- or long-term therapy 

* Use standardized dose titration to avoid excessive dose escalation 

¢ Administer lowest effective dose 
Short-term administration of oral antimuscarinic agent (e.g., benztropine, diphenhydramine, trihexyphenidyl) 
may be considered for young patients receiving high-dose olanzapine, paliperidone, or risperidone 


Conventional neuroleptics 


498 


* Carefully evaluate the necessity of short- or long-term therapy 

¢ Use standardized dose titration to avoid excessive dose escalation 

* Administer lowest effective dose 

* Consider use of atypical antipsychotic agent 
Short-term administration of oral antimuscarinic agent (e.g., benztropine, diphenhydramine, trihexyphenidyl) 
may be considered, especially in young patients receiving high-potency neuroleptics 


Several studies comparing the incidence of neuroleptic-induced acute dystonia 
report that administration of concurrent antimuscarinic agents (e.g., benztropine, 
diphenhydramine, trihexyphenidyl) reduces the overall rate of dystonia by at least 
twofold.!??-¢!37 In patients treated with high-potency neuroleptics (e.g., 
haloperidol), the risk reduction is even greater (5- to 11-fold).!>*:!4" Because the 
greatest risk of neuroleptic-induced acute dystonia occurs within the first week of 
drug treatment, short-term administration of an oral antimuscarinic agent should be 
considered, especially in young patients’ receiving high-potency 
antipsychotics. !4°.!50.!51 

The efficacy of antimuscarinic prophylaxis appears to be inversely related to 
age.'3> Because of reduced prophylactic efficacy and undesirable antimuscarinic 
adverse reactions (e.g., cognitive impairment, sedation), the use of antimuscarinic 
agents in elderly patients for the primary prevention of DIAD is disfavored. 
Although antimuscarinic agents reduce the severity of EPS, these drugs are also 
associated with adverse effects, such as blurred vision, cognitive impairment, 
constipation, dry mouth, sexual dysfunction, and urinary retention. Currently, the 
practice of primary prophylaxis of drug-induced dystonia with antimuscarinic 
agents is controversial, but appears to be reasonable in patients at high risk for 
dystonia (e.g., young men receiving conventional neuroleptics). 


MANAGEMENT 


Management approaches for drug-induced dystonia are summarized in Table 12-15. 
Acute dystonia can be relieved effectively with a short course of therapy with a 
potent antimuscarinic agent (e.g., benztropine, diphenhydramine) administered 
orally, intramuscularly, or intravenously. If drug-induced dystonia is life-threatening 
(e.g., stridor due to laryngospasm), intravenous administration of antimuscarinic 
drugs is warranted and supportive measures such as tracheostomy may be required. 
Benzodiazepines may be administered to relieve anxiety in conjunction with 
antimuscarinic therapy. 


Table 12-15 Management of Drug-Induced Dystonia 
Acute dystonia 
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* Discontinue causative agent 
¢ Administer antimuscarinic agent 


Tardive dystonia 


¢ Discontinue or reduce dose of causative agent 

* If due to neuroleptic, switch to an atypical antipsychotic 

* A trial of an antimuscarinic agent may be used 

* Consider tetrabenazine 

* Consider botulinum toxin for focal dystonias 

¢ A trial of muscle relaxant (e.g., baclofen) may be used 

* Miscellaneous agents (amantadine, clonidine, levetiracetam, pregabalin) may be used 
* Consider deep brain stimulation (globus pallidus) or pallidotomy 


Symptoms of tardive dystonia also may be improved with antimuscarinic 
therapy. In addition, atypical antipsychotics (e.g., clozapine, quetiapine), 
benzodiazepines, muscle relaxants (e.g., baclofen), and dopamine-depleting drugs 
such as tetrabenazine are also effective. Less commonly used drugs include 
amantadine, B-blockers, benzodiazepines, clonidine, dantrolene, levodopa, and 
antiepileptics such as levetiracetam, pregabalin, tiagabine, and zonisamide. 


For patients with symptoms of focal dystonia (e.g., cervical, mandibular), local 
injections of botulinum toxin are highly effective and are preferred because of a 
low incidence of systemic adverse effects. In refractory and severe cases, 
intrathecal baclofen and deep brain stimulation of the globus pallidus or ablative 
pallidotomy should be considered. !*7:!54 


INFORMATION FOR PATIENTS 


Before initiating therapy with DRBAs, clinicians should inform patients regarding 
the purpose of treatment and the potential risk of dystonia and document that this 
counseling has been performed. If long-term treatment with a DRBA is anticipated, 
informed consent is recommended and should be updated yearly. Patients should 
also understand that early detection of any DRBA-induced movement disorder is 
important and reduces the risk of irreversible abnormal movements. The patient’s 
family members or caregivers can play a role in monitoring and reporting any 
abnormal movements. 


PARKINSONISM 
CAUSATIVE AGENTS 


After idiopathic Parkinson disease, drug-induced parkinsonism (DIP) is considered 
the second most common form. DIP is associated with up to 15% of all cases of 
parkinsonism worldwide. In one study of elderly patients, 51% of newly referred 
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cases of parkinsonism were believed to be caused by drugs.!°* Agents implicated 


in drug-induced parkinsonism are listed in Table 12-16.°°”!°>-!© The DRBAs are 
the most commonly implicated agents, and are responsible for 70-80% of DIP 
cases worldwide. Valproate is a common cause of DIP.!°? Valproate-induced 
parkinsonism is often characterized by concurrent cognitive and hearing impairment 
and is underreported because of its insidious onset. The SSRIs are rarely 
associated with DIP, although SSRI-induced tremor is common. 


EPIDEMIOLOGY 


In patients treated with conventional neuroleptics, the prevalence of DIP ranges 
from 20% to 66%.°!5>:!5° The prevalence of parkinsonism associated with atypical 
antipsychotics 1s much lower. In one study, the prevalence of parkinsonian rigidity 
associated with clozapine, risperidone, and conventional neuroleptics was 4.9%, 
17.4%, and 35.7%, respectively.*” 





Table 12-16 Agents Implicated in Drug-Induced Parkinsonism 


Level of 
Incidence 






Evidence* 





ANTIEMETICS/GASTRIC MOTILITY AGENTS 
Metoclopramide 157 


Prochlorperazine 158 


ANTIEPILEPTICS 
Valproate 159 


CARDIOVASCULAR DRUGS 
Methyldopa 159 


Reserpine 161 


PSYCHOTROPICS 
Amoxapine 162 


Atypical antipsychotics37,b 
Conventional neuroleptics6,155,156,c 


VESTIBULAR SEDATIVES 


Cinnarizine 163,d 


Flunarizine 163,d 





MISCELLANEOUS 
Tetrabenazine 164,165 15% A 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bAmisulpride, aripiprazole, asenapine, brexpiprazole, cariprazine, iloperidone, lurasidone, olanzapine, 


paliperidone, quetiapine, risperidone, sertindole, ziprasidone. 
cChlorpromazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, promazine, thioridazine, 


thiothixene, trifluoperazine, triflupromazine. 
dNot marketed in the United States. 


Table 12-17 Mechanisms of Drug-Induced Parkinsonism 


Drug Mechanism 

Amoxapine Blockade of striatal dopamine-2 receptors 
Atypical antipsychoticsa 

Cinnarizine 

Conventional neurolepticsb 


Flunarizine 
Metoclopramide 
Prochlorperazine 


Methyldopa Neuronal dopamine depletion 
Reserpine 
Tetrabenazine 


Valproate Unknown 
aAmisulpride, aripiprazole, asenapine, brexpiprazole, cariprazine, iloperidone, lurasidone, olanzapine, 


paliperidone, quetiapine, risperidone, sertindole, ziprasidone. 
bChlorpromazine, fluphenazine, haloperidol, mesoridazine, molindone, perphenazine, promazine, thioridazine, 


thiothixene, trifluoperazine, triflupromazine. 


MECHANISMS 


The mechanism of DRBA-induced parkinsonism involves occupancy and blockade 
of striatal dopamine receptors (Table 12-17).!°*!®? Relative to the conventional 
neuroleptics, the affinity of atypical antipsychotic agents for striatal dopaminergic 
receptors is lower, which helps to explain the dose-dependent incidence of 
parkinsonism induced by conventional neuroleptics and some of the atypical 
antipsychotics, such as olanzapine, paliperidone, and risperidone. However, 
receptor affinity and dissociation also play a role, and rapid dissociation from 
dopamine D, receptors (i.e., “fast-off-D,”) plays a role in mitigating EPS 
risk.!”°!7! According to the fast-offD, model, atypical antipsychotics bind loosely 
to dopamine D, receptors, resulting in a short duration of binding, which is 
sufficient to produce antipsychotic activity without inducing EPS. Conventional 
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neuroleptics bind tightly to dopamine D, receptors and thus produce antipsychotic 
activity, but with an increased risk of inducing EPS. Furthermore, among the 
atypical antipsychotics, fast-off-D, occurs more readily with low-potency agents 
compared with high-potency agents. For example, EPS is rarely associated with 
clozapine (an agent that requires higher doses for efficacy) compared with 
risperidone (an agent that requires lower doses). In addition, the atypical 
antipsychotics also block 5-HT>, receptors that project to the presynaptic aspect of 


nigrostriatal dopamine neurons. Because activation of 5-HT>, receptors inhibits 
dopamine release, blockade of these 5-HT,, receptors enhances dopamine release 
sufficiently to mitigate the risk of EPS. 


In addition to the DRBAs (e.g., antipsychotics, metoclopramide), drugs that 
deplete presynaptic dopamine (e.g., reserpine, tetrabenazine) or act as dopamine 
“false transmitters” (e.g., a-methyldopa) can also induce parkinsonism. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


In general, the clinical features of DIP are indistinguishable from those of 
idiopathic parkinsonism and include at least two of the following: tremor (rest or 
postural), rigidity, and bradykinesia (Table 12-3). In the absence of an accurate 
drug history, DIP can be easily mistaken for idiopathic Parkinson disease. 
Recognition of DIP may be difficult, as symptoms such as diminished facial 
expression, reduced energy and motivation, and bradykinesia can mimic negative 
symptoms of schizophrenia as well as psychomotor retardation associated with 
depressive disorders (Table 12-4). Tremor is often the most visible feature of DIP, 
but the presence of tremor in the absence of bradykinesia or rigidity is not 
parkinsonism. Symptoms of bradykinesia and rigidity often result in masked facies, 
shuffling gait, slowness of movement, and difficulty with daily tasks (e.g., walking, 
dressing, eating, grooming, writing). Some investigators define classic DIP as 
characterized by symmetrical distribution of symptoms, the additional presence of a 
chin or jaw tremor, and greater postural instability (balance problems and falling) 
upon initial presentation. !’*!73 Single-photon emission computed tomography using 
a dopamine transporter ligand (e.g., '**I-ioflupane) can be used to differentiate DIP 
from idiopathic Parkinson disease; results of this test should be normal in patients 
with DIP. In the majority of cases, DIP develops within 3 months of initiating 
therapy with the causative agent or, in some cases, after a dose increase, and is 
reversible upon drug discontinuation. Occasionally, the onset may be acute. 
Generally, DIP remits (over a period of several months) following discontinuation 
of therapy. However, some patients may have persistent DIP. The Simpson-Angus 
Scale is a 10-item rating scale that has been used widely for assessment of DIP in 
both clinical practice and research settings.'’4 The scale consists of one item 
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measuring gait (hypokinesia), six items measuring rigidity, and three items 
measuring glabella tap, tremor, and salivation, respectively. 


RISK FACTORS 


Risk factors for the development of DRBA-induced parkinsonism include 
vulnerability to EPS (e.g., older age, dementia, or pre-existing parkinsonism), 
female sex, and use of central DRBAs (e.g., metoclopramide, phenothiazine, and 
butyrophenone antipsychotics) (Table 12-18). Patients with acquired 
immunodeficiency syndrome (AIDS) appear to be very susceptible to DIP. In one 
study, the likelihood of EPS was 2.4 times higher among patients with AIDS as 
compared with patients with psychiatric disorders who did not have AIDS.!”° 





Table 12-18 Risk Factors for Drug-Induced Parkinsonism 


¢ Acquired immunodeficiency syndrome 
¢ Advanced age 

* Dementia 

* Female sex 

* Underlying Parkinson disease 


MORBIDITY AND MORTALITY 


Discontinuation of therapy with the offending agent often results in some 
improvement of parkinsonian features within 2 weeks. However, complete 
improvement is often not achieved for months or up to a year. In a subset of 
patients, features of parkinsonism remain indefinitely, despite discontinuation of 
therapy with the offending agent. Of the motor features, tremor typically confers the 
smallest degree of impairment of activities of daily living, as compared with 
bradykinesia. 


PREVENTION 


Approaches to help prevent drug-induced parkinsonism are summarized in Table 
12-19. Primary prevention aided by knowledge and recognition of risk factors is 
key to minimizing the burden of DIP. The necessity for long-term use of potentially 
causative DRBAs such as conventional neuroleptics, metoclopramide, and 
antidopaminergic antiemetics should be carefully evaluated. If indicated, the lowest 
effective dose should be used and patients should undergo regular evaluation for 
emergence of symptoms of parkinsonism. Standardized dose titration to avoid 
excessive dose escalation and the use of atypical antipsychotics are successful 
means of prevention. In practice, some clinicians routinely use antimuscarinic 
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agents for primary prophylaxis of DIP, but this approach is controversial, 
especially for elderly patients. 


Table 12-19 Approaches to Help Prevent Drug-Induced 


Parkinsonism 





Amoxapine, atypical antipsychotics, cinnarizine, flunarizine, 
metoclopramide, prochlorperazine, tetrabenazine 


* Carefully evaluate the necessity for long-term therapy 
¢ Use standardized dose titration to avoid excessive dose escalation 
¢ Administer the lowest effective dose 


Conventional neuroleptics 


* Carefully evaluate the necessity for long-term therapy 

* Use standardized dose titration to avoid excessive dose escalation 

¢ Administer the lowest effective dose 

* Consider use of atypical antipsychotics 

¢ Initiation of therapy with antimuscarinic agent for primary prevention is controversial, especially for the 
elderly 


Methyldopa, reserpine, valproate 


* No known means of prevention 


MANAGEMENT 


Strategies for the management of DIP include discontinuation of therapy with the 
causative agent, reducing the dose of the offending drug, changing therapy from a 
conventional neuroleptic to an atypical antipsychotic agent, and the use of 
antiparkinsonism drugs such as amantadine, antimuscarinics, carbidopa—levodopa, 
and dopamine agonists (Table 12-20). For symptom management, dopamine 
agonists and carbidopa—levodopa are effective, but a severe neuroleptic-induced 
parkinsonian tremor may be resistant. Alternatively, antimuscarinic agents can be 
used and are better tolerated in younger patients. Amantadine is another alternative 
and is better tolerated than anticholinergic drugs in the elderly. 


Table 12-20 Management of Drug-Induced Parkinsonism 





¢ Discontinue or reduce dose of causative agent 
¢ If due to neuroleptic, switch to an atypical antipsychotic 
* Consider a trial of antimuscarinic, amantadine, dopamine agonist, or levodopa 
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INFORMATION FOR PATIENTS 


Before initiating therapy with DRBAs, clinicians should inform patients regarding 
purpose of treatment and the potential risk of DIP and document that this counseling 
has been performed. If long-term treatment with a DRBA is anticipated, informed 
consent is recommended and should be updated yearly. Patients should also 
understand that early detection of any DRBA-induced movement disorder is 
important and reduces the risk of irreversible abnormal movements. The patient’s 
family members or caregivers can play a role in monitoring and reporting any 
abnormal movements. 
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CHAPTER 13 


Peripheral Neuropathy 


Dennis Parker, Jr. 


Peripheral neuropathy is defined as a dysfunction or lesion in the peripheral 
nervous system that is usually characterized by pain, abnormal sensory symptoms, 
or both.! Although this syndrome is most commonly a complication of chronic 
illnesses such as diabetes mellitus, alcoholism, or human immunodeficiency virus 
(HIV) infection, it may also be drug-induced. 


CAUSATIVE AGENTS 


Many drugs have been associated with peripheral neuropathy. The most common 
agents that have been implicated include antineoplastic and antiretroviral drugs. 


Drugs known to cause peripheral neuropathy are listed in Table 13-1.7-7° 


EPIDEMIOLOGY 


The precise incidence of drug-induced peripheral neuropathy is unknown. Despite 
few epidemiologic data, it seems likely that the overall incidence of drug-induced 
peripheral neuropathy is low, and varies depending on the specific medication, its 
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duration of use and dose, and patient-specific factors.°* The risk of peripheral 
neuropathy is notably high in association with certain drug classes. Cancer 
chemotherapy agents (platinum derivatives, taxanes, vinca alkaloids) and 
antiretroviral drugs (nucleoside reverse-transcriptase inhibitors) are commonly 
associated with peripheral neuropathy. The incidence of peripheral neuropathy has 
been reported to be as high as 85—100% in patients receiving higher doses of 
cisplatin or oxaliplatin and 30-80% in patients with HIV who receive 
zalcitabine.*>*+">-°’ Most other associations of peripheral neuropathy with drugs 
are limited to case reports or small case series. Some population-based cohort 
studies examining the risk of peripheral neuropathy associated with lipid-lowering 
agents such as statins have been published. One group conducted a study in 166 
patients and reported a 4- to 14-fold increased risk of idiopathic polyneuropathy in 
those on long-term (median 2.8 years) therapy with statins.*° A subsequent analysis 
of four cohort trials estimated the incidence of neuropathy associated with statin 
use to be low (12 per 100,000 person-years).’® More recent data suggest a clear 
association between long-term statin exposure and risk of peripheral neuropathy. 


Table 13-1 Agents Implicated in Drug-Induced Peripheral 
Neuropathy 





Incidence Level of Evidence* 





ANTI-INFECTIVES 
Chloramphenicol2,3 


Chloroquine4,5 
Ciprofloxacin6 
Dapsone7,8 
Didanosine9,10 p to 23% 
Ethambutoll1,12 
Isoniazid 13-15 
Lamivudine 16 
Levofloxacin6 
Linezolid17 
Lomefloxacin6 
Mefloquine 18 


Metronidazole 19-21 





Z| Z| Z| Z| Z| Z| Z| Z| Z| S| Z| 2] 42] 2 
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Nitrofurantoin22 


N 
N 
j-) 


Ofloxacin6 
Podophyllin23 
Stavudine24 
Trovafloxacin6 
Zalcitabine25-27 


ANTINEOPLASTICS 


Fluorouracil28 
Bortezomib29 
Capecitabine30 
Carboplatin3 1-33 
Chlorambucil3 1 
Cisplatin3 1,34,35 
Cytarabine36 
Docetaxel37,38 
Etoposide39 
Ifosfamide40 
Oxaliplatin4 1-43 
Paclitaxel44-46 
Procarbazine47 
Suramin48 
Thalidomide49,50,51 
Vincristine46,52 


CARDIOVASCULAR DRUGS 
Amiodarone53,54 


Atorvastatin55 
Clofibrate56 
Disopyramide57 
Enalapril58,59 
Hydralazine60,61 
Indomethacin62 
Pravastatin55 


Propafenone63 
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Rosuvastatin55 NK C 








Simvastatin55 

MISCELLANEOUS 

Acetazolamide64,65 NK C 
Alcohol66 NK C 
Allopurinol67 NK C 
Cyclosporine69,70 NK C 
Disulfiram7 1-74 NK C 
Gold salts75-77 NK C 
Interferons alfa 2a and 2b78-80 NK C 
Leflunomide82,83 B 
Lithium84 NK C 
Nitrous oxide85 NK C 
Penicillamine86 NK C 
Phenelzine87,88 C 
Phenytom89,90 NK C 
Pyridoxine9 | NK C 
Sulfasalazine92 NK C 
Tacrolimus93 NK C 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


MECHANISMS 


Peripheral neuropathy is associated with damage to the peripheral nervous system, 
namely the dorsal-root ganglia and dorsal roots. The cell bodies of sensory neurons 
lie in the dorsal-root ganglia, which give rise to the dorsal roots (axons). It is 
postulated that drugs may affect the peripheral nervous system selectively because 
these anatomical structures have a somewhat porous blood—nerve barrier, thus 
allowing access of harmful toxins.?’? Others have pointed out that increased 
access to sensory neurons alone could not explain susceptibility, as autonomic 
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neurons lack a blood-brain barrier and autonomic dysfunction is commonly absent 
in patients with drug-induced peripheral neuropathy.* 


Although mechanisms by which drugs induce peripheral neuropathy have not 
been fully elucidated, the general pathogenesis of drug-induced peripheral 
neuropathy primarily involves axonal or cell-body degeneration, demyelination, or 
both. Axonal degeneration is often associated with the “dying back” phenomenon, 
in which the most distal portion of the axon degenerates and the myelin sheath 
begins to break down more proximally toward the cell body.!” 


For some drugs with well-established associations with peripheral neuropathy, 
several cellular pathways have been identified using in vitro methods and animal 
models (Table 13-2).!°'"! In some cases individual agents are associated with 
multiple neurotoxic mechanisms.!°* The therapeutic mechanism of action of some 
drugs is also associated with detrimental consequences to sensory neurons. 
Nucleoside reverse-transcriptase inhibitors cause peripheral neuropathy by 
depleting mitochondrial deoxyribonucleic acid (DNA) in neurons. These agents 
exert a therapeutic effect on HIV reverse-transcriptase DNA but are also substrates 
for gamma DNA polymerase, which is responsible for replication of neuronal 
mitochondrial DNA.!° Vinca alkaloids destroy cancer cells by binding with 
tubulin to prevent microtubular formation, which disrupts mitosis. Axonal transport 
is dependent on microtubular function. Dysfunction of axoplasmic transport has 
been demonstrated in animal models.*?!!°’ Other important mechanisms for 
chemotherapy associated neuropathy have been identified, including the release of 
proinflammatory mediators, enhanced oxidative stress, disruption of voltage-gated 
ion channels, and neuronal apoptosis.'!°° Other drugs may affect important 
mediators of metabolic function. Isoniazid inhibits phosphorylation of pyridoxine, 
which causes neuronal cellular dysfunction.!°? Paradoxically, pyridoxine overdose 
is also associated with peripheral neuropathy. !!° 


Table 13-2 Mechanisms of Drug-Induced Peripheral 





Neuropathy 


Drug Mechanism 

Nucleoside reverse-transcriptase inhibitors |Depletion of mitochondrial DNA in neurons 

Taxanes and vinca alkaloids Disruption of neuronal axonal transport 

Platinum compounds Cross-linkage of DNA strands to impair cell division; 


demyelination and axonal swelling in dorsal-root ganglia 

Oxaliplatin (acute) Interaction with ion channels in dorsal root to enhance Na++ 
transmission; chelation of Ca++ ions. Overall shift to more 
negative membrane potential 


Thalidomide Down regulation of the production of tumor necrosis factor a and 
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Bortezomib inhibition of nuclear factor-«B leading to reduced nerve growth 
factor—mediated neuron survival 


Isoniazid Inhibition of phosphorylation of pyridoxine, which leads to neuronal 
cellular dysfunction 

Linezolid May disrupt neuronal mitochondrial protein synthesis 

Statins Inhibition of HMG-CoA reductase leading to reduced cholesterol 


synthesis, which is necessary for maintenance of cell-membrane 
integrity in neurons 


DNA = deoxyribonucleic acid, HMG-CoA = 3-hydroxy-3-methyl-glutaryl-coenzyme A. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


A wide spectrum of clinical features can be observed in patients with ieetnid 
peripheral neuropathy (Table 13-3). Symptoms are most often sensory or 
sensorimotor in nature, and patients present in a similar fashion to those afflicted 
with peripheral neuropathy due to other causes. The clinical syndrome may be 
dependent on many factors. Drugs that affect large myelinated axons (e.g., 
paclitaxel) cause disturbances of proprioception, vibration, and light touch. Others, 
such as cisplatin, are more selective for small fibers and may cause pain or 
abnormal temperature sensation.7>~* Patients with sensorimotor neuropathy present 
with sensory as well as motor symptoms such as weakness or muscle cramps. The 
onset and severity of these symptoms vary. Most commonly, neurotoxicity is a dose- 
related phenomenon that occurs after prolonged, cumulative exposure to the 
offending agent (weeks to months). In some instances, however, acute symptoms 
may appear after a single exposure to the drug (e.g. oxaliplatin, paclitaxel).*4 
Oxaliplatin induces a unique form of acute neuropathy in a majority of patients, 
who experience paresthesias in the extremities. Rarely, pharyngolaryngeal 
dysesthesia may occur, which is manifested as unusual sensations in the mouth or 
throat and difficulty in swallowing or breathing.*? Symptoms may begin during the 
infusion of the drug or shortly thereafter. This syndrome usually resolves 
spontaneously within days of onset but can recur with subsequent infusions. 





Table 13-3 Signs and Symptoms Associated with Drug-Induced 





ener Neuropathy# 


Orthostatic hypotension (autonomic neuropathy) 
* Reduced sensation (vibration, pmprick) 
¢ Reduced (abnormal) reflexes in affected area 
* Reduced nerve action potential amplitude (nerve conduction studies) 
* Paresthesias 
¢ Burning sensations 
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* Shock-like sensations 

* Decreased sensations or numbness 
¢ Shooting or stabbing pain 

* Radiating pain 

° Ataxia 


aSymptoms are typically distal and symmetrical in nature. 


Neurotoxic antiretroviral drugs may provoke a syndrome known as “coasting,” 
in which symptoms begin to occur some time after the drug has been 
discontinued.!'!-!!* Symptoms may actually worsen for a period of 1-2 months after 
the offending agent is discontinued. Some drugs known to cause peripheral 
neuropathy also cause autonomic or optic neuropathies or purely motor 
abnormalities. 


Identifying the cause of peripheral neuropathy can be challenging. Even with 
extensive investigation, the exact cause is often elusive. In a small study, nearly 
50% of cases of sensory neuropathy were categorized as idiopathic.” It follows, 
therefore, that distinguishing drug-induced peripheral neuropathy from nondrug 
causes can be a daunting task. Drug-induced peripheral neuropathy is often a 
diagnosis of exclusion, because numerous causes of peripheral neuropathy exist, 
many of which present in a fashion similar to those that are drug-related. A careful 
medical history and physical examination are important for diagnosis, and 
additional tests may be required to establish the most likely cause. 


It is important that clinicians inquire specifically about the frequency, quality, 
and duration of symptoms of peripheral neuropathy. Knowledge of the onset and 
duration of symptoms is particularly helpful in discerning the etiology of 
neuropathy, because drug-induced peripheral neuropathy usually presents as a 
subacute process over several weeks to months. The patient’s medical history 
should be assessed for trauma, infectious diseases (especially HIV), conditions 
such as diabetes mellitus, kidney or liver disease, cancer, and family history of 
neuropathy. The patient should also be evaluated for alcohol abuse and for 
exposure to other potentially neurotoxic chemicals or medications. 


On physical examination, drug-induced peripheral neuropathy is usually distal, 
symmetrical, and sensorimotor in nature. The neurologic exam may reveal a 
reduced sensation on pinprick as well as reduced vibratory sense bilaterally in the 
extremities.!!? The reduction in sensation may result in subsequent formation of 
ulcers. In some cases, hyperesthesia or allodynia may be present. Weakness or 
clumsiness may be observed in patients with motor involvement secondary to 
neuropathy. Deep tendon reflexes may be absent or reduced in affected areas. 

Grading scales for neuropathy—particularly chemotherapy-induced peripheral 
neuropathy (CIPN)—are widely used by clinicians to assess the scope and severity 
of drug-induced peripheral neuropathy as a component of patient monitoring and 
during clinical trials. The most widely used scales are the National Cancer Institute 
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of Canada Common Toxicity, Eastern Cooperative Oncology Group, and World 
Health Organization grading scales. These scales generally classify patients from 0 
(no symptoms) to up to 4 or 5 (severe, disabling symptoms). Although these tools 
are helpful, a substantial amount of variability exists between examiners using these 
scales because of the subjective nature of some classification schemes. More in- 
depth descriptions of these scales are published elsewhere. !!*!!6 


Nerve-conduction studies (NCS) and electromyography (EMG) are the primary 
tools used in electrodiagnostic studies. These tests are usually performed in concert 
to identify disorders occurring in the nerves, muscle, or both. EMG is used to study 
the electrical activity of muscles, whereas NCS assess motor and sensory function 
of the nerves. EMG and NCS are performed by generating a small electrical current 
via a stimulator placed on the skin along a nerve. Electrical activity is recorded— 
using either surface electrodes (i.e., NCS) or needle electrodes inserted into 
muscles (1.e., EMG)—and is visualized as waveforms on a monitor. The amplitude 
of the waveform estimates the amount of electrically active tissue. Conduction 
velocity is a measurement of how quickly neurons are propagating impulses. Both 
amplitude and conduction velocity data generated during NCS can aid in the 
determination of the level of peripheral nerve disease (i.e., demyelination versus 
axonal degeneration). In general, axonal destruction produces a reduction in 
amplitude. This represents the most common consequence of neuropathy induced by 
medications. In contrast, demyelination is associated with a reduction in conduction 
velocity, which may occur in patients who receive amiodarone. Although 
electrophysiologic testing may be useful in identifying the presence of peripheral 
neuropathy in some patients, many investigators have found a poor correlation 
between performance on NCS and clinical symptoms of the disease.!!7-!!8 
Furthermore, it has yet to be shown that NCS are useful in predicting the future 
development of peripheral neuropathy in patients receiving potentially neurotoxic 
drugs. Mileshkin et al.!!® studied the utility of serial NCS in 75 patients receiving 
thalidomide for relapsed or refractory multiple myeloma in an effort to identify 
those at risk for developing peripheral neuropathy. Electrophysiologic monitoring 
was found to be no better than clinical assessment for identifying patients at risk for 
thalidomide-induced peripheral neuropathy. Therefore, the utility of the routine use 
of NCS to identify patients at risk for peripheral neuropathy remains unclear. 


Table 13-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Peripheral Neuropathy 





¢ Immune-related disorders 

o Guillain-Barré syndrome 

o Sjégren syndrome 

o Chronic inflammatory demyelinating polyradiculoneuropathy 
* Infectious diseases 

o Human immunodeficiency virus 
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o Herpes simplex 
* Metabolic/systemic diseases 
o Nutritional deficiency 
o Diabetic neuropathy 
o Hypothyroidism 
¢ Traumatic injury 
* Hereditary sensory neuropathies 
* Idiopathic sensory neuropathy 
* Paraneoplastic neuropathy 


Conditions to consider in the differential diagnosis of drug-induced peripheral 
neuropathy are listed in Table 13-4. A wide variety of systemic diseases, 
particularly diabetes mellitus, kidney disease, and thyroid disease may play a role 
in producing neuropathy. Therefore, complete blood count, fasting blood glucose, 
blood urea nitrogen and creatinine, and thyroid-stimulating hormone concentrations 
should be evaluated. Serum vitamin B,, concentrations can also be easily obtained 


and should be included in the patient evaluation. A serum concentration of 100 
pg/mL or less with symptoms is usually indicative of vitamin B,, deficiency. 
Malignancy has also been associated with peripheral neuropathy, which is a 
common presenting feature in patients with small-cell lung cancer.”? In these 
patients, symptoms of sensory neuropathy often occur rather abruptly, a presentation 
that differs from the more common subacute presentation of drug-induced 
peripheral neuropathy. Therefore, a routine cancer evaluation including chest 
radiography and measurement of anti-Hu antibodies should be performed in any 
patient presenting with acute symptoms of neuropathy. Cerebrospinal fluid 
evaluation may be useful in screening patients for immune-related causes such as 
Guillain-Barré syndrome and _ chronic’ inflammatory demyelinating 
polyradiculoneuropathy, as elevated plasma protein concentrations may be found in 
patients with these illnesses. Nerve biopsy, which involves removing and 
examining herve tissue, is generally poorly tolerated and can cause complications 
of neuropathy. Therefore, this technique is reserved for patients for whom the 
diagnosis of neuropathy cannot be determined by other means.?%!0-!!9 


RISK FACTORS 


Risk factors for the development of drug-induced peripheral neuropathy are listed 
in Table 13-5. For the most part, cumulative drug exposure increases the risk of 
peripheral neuropathy, and repeated exposure to an agent that has caused peripheral 
neuropathy further increases the risk. However, evidence indicates that some 
patients can be safely rechallenged with cisplatin.!*° For many anticancer drugs, the 
risk of neurotoxicity appears to be related to both the amount of drug administered 
in each individual dose and the cumulative dose. Postma et al.'*! studied the effect 
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of dose-dependent neurotoxicity in 227 patients with cancer receiving paclitaxel in 
doses ranging from 135 to 300 mg/m? every 3 weeks. The incidence of neuropathy 
was higher in patients who had received both a higher cumulative dose and a higher 
dose per cycle. Similar effects have been noted in patients receiving high doses of 
oxaliplatin, cisplatin, and vincristine. Therefore, it appears that both total drug 
exposure and dose intensity can influence the risk of chemotherapy-induced 
neuropathy, !27-!23 


Table 13-5 Risk Factors for Drug-Induced Peripheral 





Neuropathy 


¢ Prolonged duration of therapy with potentially causative agents 

¢ High drug doses 

¢ Human immunodeficiency virus 

* Diabetes mellitus 

* Hypothyroidism 

¢ Pre-existing neuropathy 

* Concomitant admmistration of multiple agents known to cause neuropathy 
* Possible genetic predisposition 

* Impaired hepatic or renal drug metabolism/elimination 

* Rapid infusion of some antitumor agents 


Concomitant administration of neurotoxic HIV medications may result in a 
substantial increase in the risk of peripheral neuropathy.!?* In addition, HIV 
infection itself is associated with peripheral neuropathy, and the incidence is higher 
in patients with a high viral load or low CD4 count.!° Genetic factors appear to 
play a role in the development of drug-induced peripheral neuropathy in many 
patients. The risk of peripheral neuropathy associated with isoniazid and 
hydralazine may be higher in patients with reduced activity of hepatic AN- 
acetyltransferase (1.e., “slow acetylators”). Roughly 50% of Caucasians and 
African-Americans are slow acetylators. Acetylation status may also be of 
importance with respect to thalidomide-induced peripheral neuropathy.'!” One 
study in patients with HIV receiving combination antiretroviral therapy found that 
genetic polymorphisms in iron-transport genes were associated with a higher risk 
of sensory neuropathy.!*° Several genetic polymorphisms are postulated to 
modulate the risk of chemotherapy-induced neuropathy with drugs such as 
bortezomib, vincristine, and platinum derivatives. However, clinical findings are 
inconsistent and thus the benefit of pharmacogenomic testing in individual patients 
remains to be determined. !7°!78 


Diabetes mellitus, alcohol abuse, and nutritional deficiencies all pose a 
significant risk for the development of peripheral neuropathy. Patients with severe 
hepatic disease are at an increased risk of neuropathy. In many cases, thiamine 


528 


deficiency secondary to alcohol abuse has been implicated as a _ potential 
mechanism of nerve damage, although some data suggest that toxicity occurs in the 
absence of chronic alcoholism. Patients with chronic kidney disease are also at risk 
of vitamin deficiencies. Furthermore, uremia can expose patients with end-stage 
kidney disease to a variety of toxic substances (phenols, myoinositol) that have 
been associated with neurotoxicity. Therefore, caution must be used when 
prescribing potentially neurotoxic medications to these patients who are at a higher 
risk for drug-induced peripheral neuropathy. !?7!°3 


MORBIDITY AND MORTALITY 


Drug-induced peripheral neuropathy can produce symptoms ranging from mild, 
annoying paresthesias to painful sensations that can exert a significant impact on the 
quality of life. Some drugs can induce autonomic neuropathy, which can lead to 
troublesome symptoms including orthostatic hypotension, severe constipation, and 
impotence. !* Rarely, anti-tumor necrosis factor-a therapy has been associated with 
symptoms similar to multifocal motor neuropathy, which is characterized by severe 
muscle weakness.!*° Fortunately, the majority of patients with drug-induced 
neuropathy demonstrate at least partial improvement in symptoms following 
discontinuation of the offending agent, and many patients experience complete 
recovery.*> The coasting phenomenon may occur, however, in some patients after 
the drug is discontinued. The time to improvement in symptoms after discontinuing 
some agents may take as long as several months to years. Resolution is dependent 
on underlying mechanisms and the duration and extent of neuronal damage. 
Recovery from axonal damage may be prolonged, whereas recovery from a 
demyelinating process may be more rapid.!!° 


PREVENTION 


The most effective means for preventing drug-induced peripheral neuropathy is 
avoidance of use of drugs known to cause the disease in patients with known risk 
factors (Table 13-6). Clinicians should be cognizant of the neurotoxic potential of 
medications so that patients can be screened for risk factors before initiation of 
therapy. Medications with a potential to cause peripheral neuropathy should be 
administered at the smallest effective dose for the shortest possible duration, and 
doses should be adjusted appropriately in patients with kidney or liver disease.!!? 
Drugs that can potentially induce vitamin B deficiency, such as isoniazid, should be 
coadministered with pyridoxine 25—50 mg/day. 


Table 13-6 Approaches to Help Prevent Drug-Induced 
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Peripheral Neuropathy 


¢ Limit/monitor for potential predisposing risk factors 
o Use lowest dose possible to achieve desired effect 
o Monitor blood urea nitrogen and serum creatinine concentration in patients taking renally eliminated 
drugs; adjust dose appropriately if kidney disease occurs 
o Monitor liver function in patients taking hepatically eliminated agents; adjust dose if hepatic impairment 
occurs 
* Monitor for signs/symptoms of peripheral neuropathy 
* Educate patients about potential symptoms of neuropathy 
* Routine clinical neurologic assessment 
* Electrophysiologic testing may be useful (NCS, EMG) 
¢ Drugs 
o Routine pyridoxine therapy in patients receiving drugs that may induce vitamin B17 deficiency (e.g., 
isoniazid) 


EMG = electromyography, NCS = nerve conduction studies. 


Although CIPN is predictable and well established, pharmacologic measures to 
prevent this complication have generally been disappointing. Although no drugs are 
currently recommended for the prevention or treatment of CIPN, several strategies 
have been used to attempt to reduce the risk of this complication (Table 13-7).!°° 
Many agents (amifostine, vitamin E, glutathione, adrenocorticotropic hormone, 
acetyl-L-carnitine) have been found to be initially effective in mitigating pain in 
animal models or small trials. Unfortunately, all of these compounds were later 
found ineffective in large randomized studies.!!*+!37'! A recent trial evaluating 
acetyl-L-carnitine for the prevention of neuropathy in bortezomib-treated patients 
with multiple myeloma found that the intervention was not only ineffective, but 
acetyl-L-carnitine may have attenuated the effectiveness of the chemotherapy 


regimen against myeloma cells.!4° 


Acute neuropathy associated with oxaliplatin occurs commonly. Symptoms may 
be triggered by exposure to cold, and consequently patients should be instructed to 
avoid extremes in temperatures and cold beverages. Long-term exposure can also 
cause cumulative toxicity similar to that associated with other platinum compounds. 
It is postulated that neurotoxicity after oxaliplatin exposure is the result of 
hyperexcitability due an interaction with ion channels (channelopathy) that results 
in a relative increase of sodium current. This is likely a result of calcium ion 
chelation by oxaliplatin or its oxalate metabolite.!°* Some data suggest that 
prophylactic administration of the sodium-channel blocker carbamazepine or 
oxcarbazepine may prevent acute oxaliplatin neurotoxicity. Results of unblinded 
trials showed that neuropathy was less severe in patients receiving oxaliplatin 
therapy who also received carbamazepine or oxcarbazepine.!4+!#° Conversely, in 
another study, prophylactic carbamazepine administration failed to confer a 
significant benefit on electrophysiologic studies or symptomatic relief.'4° Much 
attention has been devoted to the use of calcium and magnesium to prevent 
chelation and reduce oxaliplatin-induced excitation, based on theoretical beneficial 
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effects. Many clinicians advocated the use of prophylactic infusions of calcium and 
magnesium salts, particularly after the publication of a retrospective study of 161 
patients with colorectal cancer, which reported that calcium and magnesium 
administration was effective for reducing the incidence and severity of oxaliplatin- 
induced neuropathy.!*’ These results led to widespread routine use of calcium and 
magnesium infusions for neuroprotection. A subsequent prospective trial was halted 
early at an interim analysis, because it was determined that patients who were 
treated with calcium and magnesium infusions responded less well to 
chemotherapy. It was later determined that this conclusion was erroneous, as an 
independent radiologist reviewed computed tomography CT scan data from the trial 
and determined that there was no negative effect on chemotherapy response in 
calcium- and magnesium-treated patients.*”'4* A more recent double-blind study 
confirmed the lack of efficacy of calcium and magnesium infusions for prevention 
of oxaliplatin-induced neuropathy in patients with colon cancer.!*” 


Table 13-7 Experimental Pharmacological Approaches to 





Prevent Drug-Induced Peripheral Neuropathy 
Clinical 
Drug Condition Proposed Mechanism 


Acetyl-L-carnitine 157,171-173 CIPN and ¢ Antioxidant effects, and stimulates 
antiretroviral-induced mitochondrial DNA synthesis 
PN * Facilitates expression of nerve-growth 
factor 


Amifostine30,173-175 CIPN * Free radical scavenger 

Calcium and magnesium salts30,148,173- |CIPN * Combats chelation of calctum and 

175 magnesium, thus preventing neuronal 
voltage-gated sodium channelopathy 

Carbamazepine/oxcarbazepine 144,145,176 | CIPN * Sodium-channel blockade to combat 
oxaliplatin-induced channelopathy 

Erythropoeitin114 CIPN ¢ Erythropoietin receptor activation in 
neurons stimulates an antiapoptotic 
effect 

Glutamine 105,114,141,142,177 CIPN ¢ May upregulate or downregulate nerve 
growth factor, thus converting 
glutamine to the excitatory 
neurotransmitter glutamate 

Vitamin E173,174,177 CIPN * Reduction of oxidative stress induced 
by chemotherapy 

Cannabinoids 178 CIPN * Activation of cannabinoid and/or 5- 
HT{A receptors to modulate pain 


5-HT = 5-hydroxytryptamine, CIPN = chemotherapy-induced peripheral neuropathy, DNA = deoxyribonucleic 
acid, PN = peripheral neuropathy. 
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A small placebo-controlled trial found that venlafaxine was effective for 
prevention of CIPN associated with oxaliplatin. Patients were randomized to 
venlafaxine or matching placebo to start 1 hour prior to the first oxaliplatin dose 
(50 mg of immediate-release venlafaxine). Treatment was continued with extended- 
released venlafaxine (37.5 mg twice daily) on days 2—11. Patients treated with 
venlafaxine experienced significantly lower rates of CIPN than those in the placebo 


group, 150 


MANAGEMENT 


Unfortunately, pharmacologic measures to reliably treat drug-induced peripheral 
neuropathy have not been identified. The severity of symptoms of peripheral 
neuropathy can vary widely. Thus, although neuropathy may occur commonly in 
association with many drugs, it is often a predictable and tolerable occurrence, 
such that discontinuation of the causative drug is unnecessary. However, if 
symptoms are severe, initial treatment of drug-induced peripheral neuropathy 
should include discontinuation, or at least a reduction in the dose, of the offending 
agent. After discontinuation of therapy, pharmacologic measures to treat 
neuropathic pain should be used if symptoms are persistent. In cases such as cancer 
or HIV treatment, in which drug discontinuation is not possible, other approaches 
may be helpful. Strategies widely used for patients with peripheral neuropathy 
induced by antineoplastic regimens include reduction in dose intensity, extending 
drug-free intervals, and prolonging infusion times.?©!??!>! Another beneficial 
strategy is an alteration of the administration route. The most prominent example of 
this strategy involves the use of bortezomib for the treatment of multiple myeloma. 
In a pivotal phase III trial, subcutaneous administration was found to be as effective 
as intravenous administration, but was associated with a lower incidence of 
neuropathy, !°? 


Discontinuation of therapy with antiretroviral agents may result in loss of HIV 
virologic control, and dose reduction is generally undesirable. Similarly, 
antituberculosis regimens including isoniazid and ethambutol can cause drug- 
induced peripheral neuropathy, but clinicians may resist modifying the dosage 
regimen because of concerns regarding the potential for the development of 
multidrug resistant tuberculosis (MDR-TB). Shin et al.!°? reviewed the 
management of peripheral neuropathy in patients undergoing treatment for MDR- 
TB. Antituberculosis medications were not discontinued in any of the 10 patients 
with presumed drug-induced peripheral neuropathy. The addition of amitriptyline 
therapy resulted in a favorable response in most patients. Therefore, medications to 
treat drug-induced peripheral neuropathy can be effective in reducing the frequency 
or severity of symptoms even if current neurotoxic medications are continued. 
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Unfortunately, although there are several medications that have shown promise 
in unblinded studies of drug-induced peripheral neuropathy or in anecdotal reports, 
evidence from randomized trials demonstrating efficacy is sparse. Duloxetine 
demonstrates efficacy for reducing pain in CIPN. In a randomized, double-blind 
study, taxane- or oxaliplatin-treated patients who received duloxetine experienced 
a greater reduction in pain than those receiving placebo.!*4 


A triple agent topical gel containing baclofen, amitriptyline, and ketamine 
(BAK) has been used to treat peripheral neuropathic pain syndromes. This drug 
combination has the advantage of blending multiple mechanisms of action that could 
theoretically work synergistically. A placebo-controlled study of BAK in patients 
with CIPN reported a trend toward improvement of symptoms of neuropathic pain 
with minimal adverse effects. !*° 


Acetyl-L-carnitine may be a promising agent for managing chemotherapy and 
antiretroviral toxic neuropathy. Two small unblinded studies in_ patients 
experiencing CIPN found acetyl-L-carnitine to be effective for reducing pain scores 
for up to 1 year, and therapy appeared to be well tolerated.!'+!°° One placebo- 
controlled trial in patients with HIV and antiretroviral-induced neuropathy found a 
reduction in pain scores in patients treated acutely with intramuscular acetyl-L- 
carnitine compared to those treated with placebo, as well as improvements in 
symptoms during follow-up therapy with oral acetyl-L-carnitine.!°’ Larger studies 
are necessary to confirm the results of these preliminary data. 


Nerve growth factor (NGF)-1 therapy has been associated with encouraging 
results in patients with HIV-related neuropathy. Results of a double-blind study and 
the long-term (48-week) follow-up study showed a reduction in pain symptoms 
associated with subcutaneous NGF-1, although pain severity was not consistently 
reduced.!>*!°! Unfortunately, the results of phase III studies with this agent in 
patients with diabetic neuropathy were negative, which limited further large-scale 
studies. !** It must be reiterated that results from clinical studies regarding treatment 
of drug-induced peripheral neuropathy are often confounded by the fact that the 
disease state itself (HIV, cancer) often plays a role in causing neuropathy. 


Other measures to treat pain or other neurologic manifestations are limited to 
symptomatic treatments used in other types of neuropathic pain, such as diabetic 
neuropathy or postherpetic neuralgia. Simple analgesics such as nonsteroidal anti- 
inflammatory drugs or acetaminophen often are associated with limited efficacy but 
are safe and inexpensive. Other drugs that are generally more effective for 
neuropathic pain tend to be either more costly or carry the burden of undesirable 
toxicities or drug interactions. 


Tricyclic antidepressants have been used for several years and have been found 
to be effective in some clinical trials in patients with painful neuropathy. The 
results of two placebo-controlled trials, however, demonstrated only nonsignificant 
trends toward efficacy, !©:!63 
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Gabapentin has been shown to be effective in randomized clinical trials in 
patients with diabetic neuropathy and postherpetic neuralgia and is associated with 
few serious adverse effects or drug interactions.!°+!® Small studies have noted that 
gabapentin may be effective for the management of both HIV and cancer-related 
pain. An unblinded trial in 20 patients with cancer and neuropathy revealed that 
gabapentin not only reduced pain scores but also reduced the need for rescue pain 
medication.'© In a small study in patients with HIV and sensory neuropathy, both 
pain and sleep scores improved in gabapentin-treated patients compared with those 
receiving placebo.!°’ The incidence of gabapentin-induced somnolence was high in 
this particular cohort (80%), but otherwise this agent was generally well tolerated. 
In contrast, however, a phase III trial of gabapentin in 115 patients with CIPN 
proved disappointing. After 6 weeks of therapy with either gabapentin or matching 
placebo, the severity of pain scores was not improved in the treatment group.!®° 


Lamotrigine, which has also been studied for the treatment of neuropathic pain 
syndromes, has demonstrated some benefit for the treatment of peripheral 
neuropathy in patients with HIV. In a double-blind, randomized trial, Simpson et 
al.'© studied the effects of lamotrigine versus placebo in patients with HIV who 
were afflicted with peripheral neuropathy. Patients were stratified according to 
whether or not they were receiving neurotoxic antiretroviral agents. Pain scores 
were significantly improved in lamotrigine-treated patients who were currently 
receiving neurotoxic HIV medications. Other antiepileptic drugs, such as 
carbamazepine, topiramate, valproic acid, and pregabalin can be used if other 
treatments fail. Some of these antiepileptic medications, including topiramate and 
valproic acid, inhibit the metabolism of drugs that are substrates for the cytochrome 
P-450 system. Venlafaxine may also be effective for the treatment of drug-induced 
peripheral neuropathy. Topical preparations such as capsaicin and lidocaine are 
associated with a low incidence of systemic adverse effects and have been shown 
to be effective in treating neuropathic pain. Results with these agents, unfortunately, 
have been generally disappointing in patients with HIV-associated neuropathy, and 
thus their use should be restricted to adjunctive therapy if other options are 
ineffective.!°®:!79 Opioid analgesics and tramadol are also options in patients 
experiencing inadequate relief or intolerable neuropathy associated with other 
agents. 


INFORMATION FOR PATIENTS 


Patients for whom potentially neurotoxic drugs are prescribed should be instructed 
regarding the signs and symptoms of drug-induced peripheral neuropathy. Patients 
should understand that for many drugs, symptoms might not appear until late in 
therapy or even after therapy has been completed or discontinued. Patients should 
be instructed to consult their pharmacist or physician as soon as they begin to 
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experience abnormal sensations or pain occurring in the extremities so that 
peripheral neuropathy can be identified sufficiently early to permit intervention. 
Finally, patients should make their pharmacist and physician aware of all 
medications they are taking to prevent the occurrence of drug interactions that may 
predispose them to drug-induced peripheral neuropathy. 
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CHAPTER 14 


Visual Disturbances 


Yaman Kaakeh and Steven R. Abel 


Over 20 classes of drugs have been associated with the development of visual 
disturbances and ocular toxicities. The reported ocular effects range from benign 
and transient to very severe. Healthcare practitioners should be aware of these 
drug-induced visual disturbances in order to assess the cause of specific and 
sometimes serious ocular problems associated with medications. 


CAUSATIVE AGENTS 


Drugs and herbal supplements that have been reported to cause or exacerbate visual 
disturbances are listed in Table 14-1.'-2°4 A wide array of medications can cause 
visual disturbances through various mechanisms. These ocular problems can occur 
despite administration at the recommended daily dose. 


Many drug classes, such as antihistamines, antipsychotics, and tricyclic 
antidepressants possess anticholinergic properties that are known to induce visual 
disturbances. Some medications with strong anticholinergic effects may cause 
mydriasis, the basis of photophobia that may occur in patients using these agents. 
Often, these visual disturbances are associated with overdose (e.g, 


548 


diphenhydramine) or topical or accidental introduction into the eye (e.g., 
scopolamine patch). Anticholinergics may also precipitate angle-closure glaucoma 
and aggravate open-angle glaucoma. Cycloplegia occurs to a lesser extent.!37? 


Amiodarone, a widely used antiarrhythmic drug, is known to cause bilateral 
corneal deposits, especially when used for long durations at higher doses. Only 
minimal deposits develop in patients taking 100—200 mg daily. However, at doses 
exceeding 400 mg daily, corneal deposits develop in nearly 100% of patients. The 
majority of patients are unaffected by these deposits; only 4-9% of users report 
visual disturbances. Anterior subcapsular lens opacities and halo vision have been 
associated with amiodarone therapy, although to a lesser extent. One serious 
complication is optic neuropathy, which is relatively rare but can gradually 
progress to blindness. Because of its long half-life, amiodarone-induced optic 
neuropathy may progress even after discontinuation of therapy.!-°!373-76 

The antimalarial agents chloroquine and hydroxychloroquine are known to 
cause ocular disturbances, although the former to a lesser extent.!* Like 
amiodarone, these drugs can cause corneal deposits in nearly all patients, even at 
therapeutic doses. The majority of adverse ocular effects associated with these 
drugs are dose- and time-dependent. Maculopathy and retinopathy are rare and 
most commonly associated with long-term, high-dose therapy. Maculopathy is very 
serious, and is reversible only if diagnosed in its early phase. Macular changes may 
progress even after therapy is discontinued. Serious retinal toxicity associated with 
chloroquine can develop with cumulative doses exceeding 100 g. Retinopathy may 
develop after 1-3 years, but case reports have described onset in as little as 6 
months. In contrast, the total daily dose, rather than the cumulative dose, appears to 
be more important with hydroxychloroquine. The risk of retinopathy is much lower 
when the daily dose is 6.5 mg/kg or less for up to 10 years. Blurred vision is rare 
and usually associated with high doses (500-700 mg/day). Cases of nyctalopia 
(night blindness) and oculogyric crisis have been reported in association with 
chloroquine.? 
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Table 14-1 Agents Implicated in Drug-Induced Visual Disturbances 


Drug 


Acetazolamide'*” 


Adalimumab* 
Albuterol!“ 
Alendronate*" 


Alfuzosin® 


Allopurinol''*"" 


Amantadine'?°4 


Amiodarone!*323-44 


Amphetamine!?** 


Anidulafungin” 
Aripiprazole*” 


Anticholinergics'*?™ 


















Angle-closure glaucoma N C 
Myopia NK 


B 
<5% A 
Blurred vision NK B 


Conjunctivitis 
Ocular pain 
Scleritis 


Uveitis 





Amblyopia 
Blurred vision 
Floppy iris syndrome NK 
Corneal edema 
Corneal lesions 
Decreased vision 
Keratitis 
Mydriasis 
Oculogyric crises 
Optic nerve palsy 


Photosensitivity 






Visual hallucinations 









NK 
69-100% 
1.4-40%* 
22-60% 
1.3-1.8% 


Blurred vision 









Corneal deposits 





Halo vision 


Lens opacities 












Optic neuropathy 
Photophobia 
Decreased vision 
Disturbed color vision 
Mydriasis 

Visual hallucinations 
Blurred vision <2% 
Ocular pain <2% 
Chorioretinopathy NK 
Myopia NK 


waewwwin olr> riz wewewinr> >Pwerwmixerre>wwnewewrwrr eixizn we wivuwnww 


Cycloplegia 


Decreased accommodation 
Decreased vision 
Mydriasis 

Photophobia 
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‘Hfects) | Incidence. | Level of Evidence” 
NK 5 


Table 14-1 
Drug 


Aspirin’?! 








Atorvastatin®?* 


Barbiturates'** 


Benzonatate** 
Bevacizumab* 


Bishop's weed (Ammi 
visnaga)? 


Bitter orange 
(Citrus aurantium)?* 


Black mustard (Brassica 
nigray”® 


Botulinum toxin™*" 


Bromocriptine” 


Bupivacaine” 


Burning bush (Dictamnus 
albus)" 


Busulfan'!?2 
Calcium-channel blockers'** 


Canthaxanthine®"""" 


Carbamazepine’? 


Agents tus in Drug-Induced on Disturbances (continued) 


Level of Evidence 


ae ion of sicca 
Blurred vision 


Intraocular hemorrhage 





Myopia (transient) 


QO Be tt 


Periorbital edema 


fy 
4? 


Superficial punctate keratitis 
Amblyopia 

Dry eyes 

Eye hemorrhage 

Glaucoma 

Ophthalmoplegia 


Ptosis 


FIO OF & YY 


Disturbed horizontal ocular 
movement 


Miosis 


Mydriasis 


Ptosis 


Singes [wx 


a a “ 


SFIOl|e SB 


) 


Oo 





Bilateral inferior oblique Cc 
palsies 
Blindness NK Cc 
Diplopia NK c 
Blurred vision NK Cc 
C 
i 
B 
Blurred vision B 
a 
as peel —* NK Cc 
faatgate [wee 
Blurred vision Up to 5%* B 
Conjunctivitis NK Cc 
Diplopia Up to 17%* B 


351 


Table 14-1 
Drug 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 


peo ibe baal Deda 


Lens opacities 










Oculogyric crises 


2) 


Retinopathy 


Carmustine!*?4!14!" Arterial narrowing 


a0 


Blurred vision 





QO 


Conjunctivitis 


Intraretinal hemorrhage 


\- 


Neuroretinitis 
Ocular pain 
Retinal infarction 
Celecoxib’? Blurred vision 


Chromatopsia 


-10 0 


Conjunctivitis 


Glaucoma 


Ocular = 


Celery (Apitun graveolens)* a 


Cetirizine“""! Blindness 


O FlOl> > FO 


Blurred vision 


Keratoconjunctivitis sicca 


Oculogyric crises 


Pupillary changes 





Xerophthalmia 


Chamomile Allergic conjunctivitis 
(Matricaria chamomilla)°?"” 
Chaulmoogra Visual disturbances 
(Hydrocarpus)”* 
Chloramphenicol'*"" Optic neuritis 
Retrobulbar neuritis NK 


Chlorella”** Photosensitivity pa 


Chloroquine®!*???3?760 Blurred vision 


OyF> O00 









Corneal deposits - to 95%* 
Maculopathy <1%* 
Nyctalopia NK 
Oculogyric crises 
Retinopathy 
Chlorpheniramine’*” Blurred vision 


Decreased lacrimation 


Mydriasis 


Chlorpromazine!*??*574 Cataracts/lens deposits NK 
Conjunctival pigmentation Up to 46% 
Corneal deposits Up to 95% 


OP RP Bee ern on & & FIO & 


Epithelial keratopathy NK 
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Table 14-1 
Drug 







Cimetidine'** 


Ciprofloxacin® 


Clomiphene!" 


Clonidine'?* 


Contrayerva 
(Dorstenia contrayerva)”* 


Corticosteroids!?764e™ 


Crizotinib™ 


Cyclophosphamide'*4'*" 


Cyclosporine" 


Cypress spurge (Euphorbia 
cyparissias)"” 





Eyelid pigmentation 
Pupillary changes 
Retinal pigment deposits 
Decreased vision 
Mydriasis 
Photophobia 

Visual hallucinations 
Blurred vision 
Decreased vision 
Diplopia 

Disturbed color vision 
Ocular pain 

Blurred vision 


Mydriasis 


Optic neuropathy 


Visual field changes 


Visual sensations 


Dry, itchy eyes 
Miosis 


Cataracts 


Decreased vision 


Exophthalmos 
Increased IOP 


Mydriasis 
Myopia 

Optic neuropathy 
Papilledema 


Pseudotumor cerebri 


Blindness 
Optic neuropathy 


Blepharoconjunctivitis 





Blurred vision 
Keratoconjunctivitis sicca 
Optic neuropathy 
Pinpoint pupils 
Conjunctivitis 

Cortical blindness 

Optic disk edema 
Conjunctivitis 


Corneal defects 


Eyelid swelling 





Incidence 
NK 


NK 
NK 
NK 
NK 
NK 
NK 


1.5-10%* 
5-10%* 
NK 
5-10%° 
5-10%° 


NK 
NK 


10-40%* 
NK 
NK 


30%° 


NK 
NK 
NK 


NK 
NK 
NK 





Up to 17% 
Up to 50% 
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Agents Implicated in Drug-Induced Visual Disturbances (continued) 


Level of Evidence® 


RPmrwmnr rr rir FF FIP SFP PIO FS 


O77 te > OHO DD > oO 


O;|e & 


QO O|> FP FIP O FP BF BIO 


O 


Table 14-1 
Drug 


Cytarabine*“***™ 










Dapsone* 


Datura 
(D. stramonium, 
D. wrightiiye?7"* 


Deferoxamine**” 


Dextroamphetamine!?“* 


Diazepam? 


Diazoxide'?” 


2243.91 


Diclofenac* 


V-3.29.35.92.0 


Digitalis 


Dimethyl sulfoxide”’* 


Docetaxel*??""* 


Doxazosin®”* 


Doxorubicin'?*" 


Duloxetine”® 
Echineacea purpurea®'7* 
Erlotinib”’” 


Et hambutol IIS AZIS IRIE, 1OOr 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 
Level of Evidence® 


Incidence 
Blurred vision NK 

Up to 80% 
Up to 100% 





Corneal toxicity 
Keratoconjunctivitis 
Ocular burning 
Photophobia 


[Vision loss NK 


Mydriasis 


ALAS BS > 


= 


Blurred vision 
Maculopathy 
RPE changes 


Decreased vision 






Mydriasis 
Visual hallucinations 


Blurred vision 


Conjunctivitis 


Diplopia 





Nystagmus 


cl;z 
UT lA 
Ss 
tw 
S 
& 


Epiphora 


Abnormal vision 


QO wDinmiwnnwwin wn win O 


Corneal infiltrates 


Oo 


Photosensitivity 


16-20%° 
16-20%° 
16-20%* 
16-20%* 
Retrobulbar neuritis NK 


Ocular burning NK 


Conjunctivitis 


Blurred vision 
Decreased visual acuity 


Disturbed color vision 


) 


Halo vision 





1.1-5.1% 
Up to 10% 
Open-angle glaucoma NK 


Epiphora 





Amblyopia 
Blurred vision <1% 
Floppy iris syndrome <1% 
Blurred vision NK 
Conjunctivitis NK 

Up to 25% 


Epiphora 


Paved vito [ae SS 
[conjunctive [NK [¢ 
iichomegaly [NK 





BIOIAlSe |e Bele SEO & FIQOIO 
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0) (cm 
Drug 


Ethanol'* 








Etidronate®?!>"* 


Etodolac®!* 


Fingolimod'"'* 


Fluorouracil!?3* 


Fluoxetine!**o!o7 


Fluvoxamine’ 


Furosemide! 


Gabapentin!" 


Gemcitabine'” 
Gentamicin'?“ 
Ginkgo biloba®'**7“* 


Goa powder (Andira 
araroba)"” 


Gold 129 35.dd 


Agents vali in Drug-Induced on Disturbances (continued) 


inl cada 


Decreased accommodation 
Diplopia 


Disturbed color vision 





Mydriasis 
Nystagmus 





Blurred vision 


Blurred vision 1-3% 
— 
0.5-1.5% 


Cicatricial ectropion 


Conjunctivitis 


$-I1O rl|/S PIs 


Conjunctivitis 
Corneal erosions 
Epiphora 

Optic nerve atrophy 


Oo OOo a 


Periorbital edema 
Photophobia 
Abnormal vision 
Conjunctivitis 
Dry eyes 

Eye tics 
Mydriasis 
Photophobia 
Amblyopia 
Mydriasis 
Blurred vision 
Xanthopsia 
Amblyopia 2.7-4.2% 
Diplopia 1.2-5.9% 
Nystagmus 1-8.3% 
Visual hallucinations 0.1-1% 





BIOS & & SFL BIO Fle & OO YF YF SIO 


Z 
va 
oO 


Spontaneous hyphema 






Retinal hemorrhage 


Retrobulbar —_ 


Corneal/conjunctival deposits | Up to 80% 


AIO Oa 


> > 


Lenticular deposits 36-55% 
Ophthalmoplegia NK Cc 
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Table 14-1 
Drug 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 


Hfed(s) | Incidence inlet eae 





Guanethidine'?* 








Blurred vision Up to 17% 


Conjunctivitis NK B 
Miosis NK B 
Ptosis B 
madagascariensis)" ** 
Henbane (Hyoscyamus Impaired accommodation Cc 
Heparin’ c 
quadrifolia)”"* 
Hogweed 


(Heracleum sphondylium)” 


Horse chestnut 
(Aesculus hippocastanum)"* 


Huperzine AY" 
Hyaluronic acid"?! 


Hydrochlorothiazide!*""" 


5-hydroxytryptophan*”“* 


Hydroxychloroquine!*“?"> 


7274S 


Hyoscine patches'" 


Ibandronate'*'"* 


Ibuprofen*?*5*"!6 28s 


a a 


Angle-closure glaucoma 


Decreased lacrimation 


Myopia 





Photosensitivity 


Blurred vision 
Mydriasis 


Blurred vision 


NK 

NK 

NK 

Up to 100%* 
NK 

<1%* 
Retinopathy <1%° 
Visual-field defects NK 


Conjunctivitis 


Corneal deposits 
Diplopia 
Maculopathy 





Scleritis 





Uveitis 














Amblyopia 
Blurred vision 


Decreased vision 





Diplopia 





Disturbed color vision 
Scotomata 
Uveitis 
Visual field defects 
Vortex keratopathy 
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el 


0:30 & Ef }& 


aa 0 


i) 
Drug 


Imatinib?" 










Indomethacin®??5°"" 


Interferon!“ 


Interleukin-2'??™* 


Isoniazid!" 


Isot retinoin 3,9,03,14,29,36 48, 126-132 


Kava kava 
(Piper methysticum)"* 


BS) 


Ketorolac 


Lamotrigine!*%4) 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 
Level of Evidence® 


Blurred vision 1-10% A 
Conjunctivitis 1-10% A 
Dry eyes 0.1-1% A 
Epiphora 7-18% A 
Glaucoma <0.1% A 
Macular edema <0.1% A 
Periorbital edema Up to 74% A 









Vitreous hemorrhage <0.1% 
Blurred vision 

Corneal deposits 

RPE changes 

Retinopathy 

Retinopathy of prematurity 


Conjunctivitis NK 





Decreased vision NK 
Disk edema NK 
Retinopathy Up to 57% 
Diplopia 


Palinopsia 


Visual field defects 


Blepharoconjunctivitis 
16-27% 
Cataracts NK 
5-7% 
Decreased vision 5.9% 
14-33% 


Cc 

B 

20-43% B 

Blurred vision B 
Cc 


Corneal deposits 


Dry eyes 
Impaired dark adaptation 8% 
Intracranial hypertension 10% 
Myopia NK 

Optic neuritis 1.9% 
Photophobia 5% 
Subconjunctival hemorrhage 1.4% 
Superficial punctate keratitis Up to 22% 


Impaired accommodation Cc 
Abnormal vision <1% A 
Blurred vision <1% A 
Blurred vision 11-25% 

Conjunctivitis NK 


24-49% 
Nystagmus <5% 





Diplopia 





DoT 


Table 14-1 
Drug 


Licorice’ 


Agents Implicated in a a Disturbances (continued) 


Level of Evidences 
Decreased vision 
—= | 
Lily of the valley (Convallaria eee ee 
majalis)"* 
Linezolid 88074* Blindness 
Fee 


Lithium'*" Blurred vision 





OTRAT AB 


oO 







Decreased accommodation = to 10% 
Exophthalmos 11% 
Nystagmus NK 









owe we wlo 


Ocular teratogenesis NK 
Oculogyric crises NK 
Papilledema 
Photophobia 


Blurred vision 


OG 








Lorazepam! 
Conjunctivitis 


Diplopia 





Nystagmus 


cave Phototoxicity 
(Levisticum officinale)"** 


Lovastatin® 0" Blurred vision Het 


Mandrake (Mandragora Mydriasis 
officinarum)"** 


Marijuana Blurred vision 


Olen we w 


Qa 0 


Dry eyes 
Mydriasis 
Photophobia 





Nystagmus (with overdose) 


Masterwort (Peucedanum Phototoxicity 

ostruthium)”** 

Mechlorethamine*** Nec se uveitis 125% sd 
Metformin’ ae 


C10. OY 


= 










Methamphetamine'?** Decreased vision 
Mydriasis 

Visual hallucinations 
Methanol" Blindness 


Blurred vision 






Optic neuropathy 
Optic nerve atrophy 








Methotrexate!" Blurred vision 





Conjunctivitis 


Periorbital edema 


Z 
vas 
swe we wlNn we ole we lO 


Optic neuropathy 
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Table 14-1 
Drug 


Metronidazole*™ 





Midazolam'* 


Mountain laurel (Kalmia 
latifolia)"* 


Nalidixic acid!" 


Naproxen'* 


Narcotics!" 


Niacin®™' SAP ASIA? 


Ocriplasmin'**!* 


Oral contraceptives'**"* 


Paclitaxel!" 


Pamidronate**”' SAADSOAS? 





Agents Implicated in Drug-Induced Visual Disturbances (continued) 
Level of Evidence* 


Myopia 





Oculogyric crises 





(2c 


Optic neuritis 
Photophobia 
Visual field defects 


Blurred vision 






@) 





Conjunctivitis 
Decreased accommodation 
Diplopia 


Miosis 





Nystagmus 


Temporary loss of vision 


Papilledema 


Ole wow we win 


io =] 


Vision loss 


Visual sensations 


Cy 
C2 


Cataracts 
Corneal opacities 
Decreased vision 
Optic disk edema 
Optic neuritis 
Optic papillitis 
Decreased accommodation 
Diplopia 
Epiphora 
Irregular pupils 
Miosis 

Blurred vision 
Dryness 

Eyelid edema 


Cystoid macular edema 


Disturbed color vision 
Optic neuritis 
Pseudotumor cerebri 
Retrobulbar neuritis 


Decreased vision 


Open-angle glaucoma 


SFO PIP RP SFP PICS TC SC SPI CC SPT Pee Rr TUL hlUm 


Scintillating scotoma 


Vision loss C 
Blurred vision NK B 
Conjunctivitis <1% B 
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Table 14-1 
Drug 





Paroxetine**'* 


Parsnip (Pastinaca sativa)" 


Phenmetrazine'?“” 


Phenylbutazone!*"" 


Phenytoin?** 


Pimpinella (Pimpinella 
major)" 


9 


Pregabalin 


Propofol**'\@% 


Propolis” 


Psyllium (Plantago ovata, 
P. afra)”” 


Pyrethrum (Chrysanthemum 
cinerarifolium)"” 


Quetiapine®" 


Agents mals in Drug-Induced 0 Disturbances (continued) 


net ales 


See 
Nerve palsy 
Ocular pain 


Photophobia 


OF BO 


Ptosis 
Retrobulbar neuritis 
Scleritis 


Uveitis (anterior) 


Or BOA 


Xanthopsia 


Anisocoria 


Blurred vision 


Conjunctivitis 


Mydriasis 


Se >r SF eS 





Optic neuritis 


Cataracts 


fC 
2 


Decreased vision 
Mydriasis 

Retinal venous thrombosis 
Visual hallucinations 
Conjunctivitis 

Decreased vision 


Optic neuritis 





Retinal hemorrhage 
Cataracts 

Diplopia 

Disturbed color vision 


Nystagmus 





Ophthalmoplegia 


Photosensitivity 


Abnormal vision Up to 59° 


O10 Pee eirowewirwn7eereno 





Blurred vision 1-12%° 


> > > 





Diplopia Up to 12%* 

External a 

cmmmona xe 
[Conjunctviis (NK 


aniinidalaniaai ae 
Irritative conjunctivitis 
Keratitis 


ALATA Oo 


ALO 
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Table 14-1 
Drug 


Ranitidine'** 









Reserpine’? 


Risedronate®*""" 


Risperidone’ 


Rosiglitazone’ 

Rue (Ruta graveolens)"* 
Scopolia’”** 

Sertraline'’® 


Sildenafil SS2MG164- 17011 


Solifenacin'”! 


Spironolactone’ 


St. John’s wort 
(Hypericum perforatum)"* 


Streptokinase'” 


Strophanthus (Strophanthus 
Kombe)"** 


Sulfamethoxazole- 
trimethoprim’*4!"? 


Sul fonamides'*"' 43541, 17317 Sw 


Agents Implicated in Drug-Induced ei Disturbances (continued) 


Level of Evidence 


Diminished vision 


Disturbed color vision 






Mydriasis 
Photophobia 


Visual hallucinations 


Conjunctivitis 
Miosis 


Blurred vision 


Conjunctivitis 


Ocular pain 


Scleritis 





Uveitis 


Abnormal vision 1-7% 
ey a 


Blurred vision 


O|> 1h 


ao 


Disturbed color vision 
Increased brightness 
NAION 


Other ocular effects in clinical 
trials” 


> 7 > > FIO 


=] 


Ocular effects in postmarket- 
ing phase 


Blurred vision 3.8-4.8%° 
Dry eyes 0.3-1.6%* 
Decreased vision 


Myopia NK 
Photosensitivity NK 





S BiS> 


oO 


Disturbed color perception | 


Angle-closure glaucoma 







So 


Myopia 
Uveitis 
Decreased vision 
Myopia 


Optic neuritis 


Photosensitivity 


Uveitis 
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Table 14-1 
Drug 


Tacrolimus'”® 
Tadalafil 3G 1S 169,177 1784 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 


‘Hffed(s) | Incidence _—__| Level of Evidence 
nd —— 


Blurred vision 







Conjunctivitis 







Disturbed color vision 






Eyelid edema 














Increased lacrimation 
NAION 
Ocular pain 

Retinal artery occlusion 
Retinal vein thrombosis 
Visual field defect 


Tamoxifen!*6:132932.35.17% 185,xx Cataracts 





Corneal opacities 
Disturbed color vision 


Optic neuritis 





Retinopathy 


Tamsulosin''** Amblyopia 









Blurred vision 





Floppy iris syndrome 





Terazosin®'* Amblyopia Up to 1.3% 
Blurred vision Up to 1.6% 
Floppy iris syndrome <1% 
Testosterone NK 
Tetracyclines'*"%" Conjunctival deposits 


Diplopia 


Disturbed color vision 
Myopia 

Papilledema 
Pseudotumor cerebri 


Scleral discoloration 


Thioridazine!????4'85's« Oculogyric crises 
Retinopathy 





O|m ww wwwwinin > ->lw > wien www ein ww > wp > > > 2/10 





B 

Tiagabine*"* Amblyopia 4-9%* A 
Disturbed color vision = B 

Tiludronate®'” Cataracts A 
Conjunctivitis 3% A 

Glaucoma 3% A 

Scotoma NK C 

Tiotropium'*' Blurred vision >1% B 
C 


Tolu balsam Phototoxicity NK 
(Myroxylon balsamum)""* 
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Table 14-1 
Drug 


Topi ram ate’! S199 









Tranexamic acid'” 


Trastuzumab'™ 


Tricyclic 
antidepressants!" 


Trimethadione'!?* 


Valerian 
(Valeriana officinalis)" 


Valproic acid'™* 


Vardenafil’*" RAO NPSAIE 


Venlafaxine" 


Vigabatrin'*''7" 


IQIASS7 ccc 


Vinca alkaloids 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 
Level of Evidence* 


Abnormal/blurred vision Up to 13% 
Conjunctivitis 1-2% 

Up to 14% 
Eye pain At least 1% 
Glaucoma NK 
Myopia NK 
Nystagmus Up to 15% 
Blindness NK 


Disturbed color vision NK 


Diplopia 







Retinopathy 


Macular ischemia 
Vision loss NK 


Cycloplegia 


Decreased vision 





Mydriasis 
Diplopia 
Photophobia 





Visual — 


a 


Visual field defect 


Blurred vision 


QOL SB PIs BRIN AINA OF & Be Ye PP PS 


Chromatopsia 
Conjunctivitis 

Dim vision 

Disturbed color vision 
Glaucoma 

NAION 

Ocular pain 
Photophobia 
Reduced visual acuity 
Retinal vein occlusion 
Blurred vision 
Glaucoma 


Mydriasis 


Diplopia 
Visual field constriction 0.152% 


Blindness 


Diplopia 


Up to 32%* 


Extraocular muscle paresis Up to 50%* 
NK 


32-78%* 


Optic neuropathy 
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Ptosis 


563 


Table 14-1 
Drug 


Voriconazole*?! 44 


Agents Implicated in Drug-Induced Visual Disturbances (continued) 


eee _ eae ese of Elbo 


Abnormal vision 21-33% 
Blurred vision 21-33% 
Disturbed color vision 21-33% 
Photophobia 21-33% 
Visual hallucinations 16.7% 


Wafer ash Phototoxicity NK 
(Ptelea rifoliate)"* 


Warfarin'*° Angle-closure glaucoma 










ale > > > 


ana 


Decreased vision 


Ocular hemorrhage 





Ocular teratogenic effect 


Wormseed (Artemisia cina)"™ | Visual disturbances 


Yellow jasmine (Gelsemium Abnormal eye movements 
sempervirens)? 


QAlIAl= & 


Diplopia 

Heavy eyelids 
Zoledronic acid®*?"""** Blurred vision 
Conjunctivitis 


Eye irritation 


Mydriasis 


Scleritis 





Sor OoOwe Be BION 


Uveitis 


Zonisamide™ Angle-closure glaucoma NK Cc 


IOP = intraocular pressure, NAION = nonarteritic anterior ischemic optic neuropathy, NK = not known, RPE = retinal pigment epithelium. 
"Definitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; Level B—evidence from 
nonrandomized clinical trials, prospective observational studies, cohort studies, retrospective studies, case-control studies, meta-analyses 

and/or postmarketing surveillance studies; and Level C—evidence from one or more published case reports or case series. 

*Acute myopia may last 24-48 hours. Probably caused by an increase in anteroposterior diameter of the lens, which may be reversible even if 
drug use is continued, 

‘Only 30 reported cases of mydriasis; | case of bilateral narrow-angle glaucoma precipitated by use of albuterol. 

“Diffuse, white punctate subepithelial corneal opacities have been reported, occasionally associated with superficial punctate keratitis, Onset has 
been 1-2 weeks after initiation of therapy with doses of 200-400 mg/day, Resolves with drug discontinuation, 

“Dose-dependent ocular effect, 

‘Corneal deposits are dose- and duration-related; resembles chloroquine keratopathy. Deposits are bilateral, reversible, and unassociated with 
visual symptoms. Patients taking 100-200 mg/day have only minimal deposits. Deposits occur in ~100% patients receiving 400 mg/day. In addi- 
tion, anterior subcapsular lens opacities have been reported. Rarely, such opacities may progress, increasing in density and in the diffuse distribu- 
tion of the deposits, Because of amiodarone’s photosensitizing properties, it is thought that light exposure may result in lens changes. 

*Ocular effects reported with high doses; can induce or exacerbate narrow-angle glaucoma. 

"Systemic and transdermal anticholinergic agents may cause mydriasis and, less frequently, cycloplegia, Mydriasis may precipitate angle-closure 
glaucoma. Photophobia is related to the mydriasis. Accommodation is decreased for near objects. 

‘Most significant ocular adverse effects occur in long-term users Or in toxic states. Pupillary responses are Variable; miosis occurs most frequently, 
except in toxicity, when mydriasis predominates. Nystagmus and weakness in extraocular muscles may be seen. Chronic abusers exhibit a charac- 
teristic ptosis. 

‘Reported with high doses. 

‘Primarily blurred vision; transient blindness at peak concentrations has been observed in several patients. 

‘Ocular adverse effects when dose >1-2 g/day; disappears when dose decreased, 

“These ocular effects are not well established. Evidence of delayed bilateral ocular toxicity in 2 of 50 patients treated with high-dose intravenous 
carmustine (800 mg/m*). Symptoms of ocular toxicity became evident 4 weeks after intravenous treatment. Evidence of delayed ocular toxicity 
(mean onset, 6 weeks) ipsilateral to the site of infusion developed in 7 of 10 patients treated with intraarterial carotid doses of carmustine to a 
cumulative minimum of 450 mg/m in two treatments. 

*Optic neuritis occurs more frequently than retrobulbar neuritis. Rare unless a total dose of 100 g and duration >6 weeks are exceeded, Vision 
usually improves after drug discontinuation. 
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Table 14-1 Agents Implicated in Drug-Induced Visual Disturbances (continued) 


"Patients using ordinary doses may have white-yellow corneal deposits in as litte as 3 weeks; little effect on visual function. Serious retinopathy 
wher total dose >100g; usually develops after 1-3 years, but can occur in 6 months, Visual loss may progress from peripheral to central and be 
associated with changes in color vision, Blurred vision ts rare and usually associated with high doses (500-700 mg/day). Macular changes may 
progress even after the drug is discontinued. 

*Blurred vision occurs rarely (~1% of patients taking 12-14 mg/day), Decreased lacrimation may lead to contact lens intolerance or aggravate 
keratoconjunctivitts sicca, Mydriasts is rire, but may precipitate angle-closure glaucoma, 

Deposits rare when total dose <500 ¢. Visible after a total dose of | kg in most cases; incidence may increase fo 90% after 22.5 ky, Usually, 
deposits do not affect vision. The cornea and conjunctiva may be affected after the lens shows pigment changes, Minimal retinal pigment depov- 
its; further documentation is necessary, 

"Ocular adverse effects occur in S~10% of patients. Blurred vision is the nyost common effect, although visual sensations such as flashing lights, 
distortion of images, and various colored lights (primarily silver) may occur, 

"Dry eyes are rare; reversible upon discontinuation of therapy. Miosis may occur in overdose, 

‘Posterior subcapsular cataracts have been associated with systemic administration. Risk is increased in patients who have received > 15 mg/day 
of prednisone or its equivalent for >1 year. Bilateral posterior subcapsular cataracts associated with nasal or inhalation of beclomethasone dipro- 
prionate have been reported rarely. Most patients have received therapy for >5 years, often at higher-than-recommended doses, About 40% of 
patients also were receiving systemic corticosterokls, An elevation in [OP is more common with topical corticosteraids than with systensic ther- 
apy, but this is of little consequence in patients without pre-existing glaucoma, Patients with glaucoma should be monitored routinely if receiving 
systemic corticosteroids. Papiiledema is primarily associated with long-term therapy, and the incidence appears to be greater in children than in 
adults, Intracranial hypertension or pseudotumor cerebri associated with systemic corticosteroids hays been well-documented. 

“Blurred vision is common; onset within 24 hours of receiving high-dose intravenous cyclophosphamide; resolves within | hour to 2 weeks. 
Conjunctivitis is a well-established adverse effect of therapy. Miosis occurs secondary to parasympathomimetic effcets. In addition, <yclophos- 
phaniude has been reported to potentiate cataract formation when used in combination with corticosteroids, However, more information is 
needed before a causal relationship can be confirmed. 

"Corneal toxicity and conjunctivitis have been reported with high-dose (3 g/m") therapy. 

“Increased lacrimation may continue after drug is discontinued. 

*A glare phenomenon and a snowy appearance in objects have been associated printarily with digitalis intoxication. In a small number of cases, 
reversible reduction in visual acuity has been noted, Also associated with changes in the visual fiekis. 

"Effects may last for several days after discontinuation of treatment, 

‘At doses of 15 mg/kg/day, virtually devoid of ocular adverse effects. Such effects are rare at doves of 25 mg/kg/day for a duration of a few 
months. Patients treated for prolonged periods should undergo routine visual examinations including visual fields. Most effects are reversible 
after therapy is discontinued. 

“Ocular effects are reversible and seldom interfere with continued therapy. 

“Administration of 20-40 mg/day has been associated with paroxysmal contractions of the muscles around the lateral aspect of the eyo, This 
effect occurred 3—4 weeks after initiation of fluoxetine therapy and resolved within 2 weeks following discontinuation, 

“Rare, but has been well documented with secondary papiliedema and visual loss, 

“Deposition in the conjunctiva and superficial cormea more common than in the lens or deep cornea. Incidence in cornea of 40-80% in total 
doses of 21,5. Lens deposits observed in 36-35% of patients on long-term therapy (>3 years; lowest cumulative dose, 2.5 g). Visual acuity is 
unaffected and deposits resolve 3-12 months after discontinuation of therapy. 

"Sporadically documented, One study reported a 17% incidence of blurred vision in patients taking 70 mg/day, 

"See chloroquine comments (n), Incidence of corneal deposits up to 100% after 4 or more years af therapy, At <4 years incidence is ~1-28%, 
much flower than that associated with chloroquine, 

*Rare; blurred vision has been reported in patients taking from four 200-myg tablets/week to six tablets/day, Changes in color vision have rarely 
been reported, 

“Rare; changes in color vision have rarely been reported. 

“Visual complications have occurred during the first or second treatment cycle, usually within 5-6 days after initiation of therapy. Ocular symp- 
toms included diplopia, binocular negative scotomuta (isolated areas of varying size and shape in which visbon is absent or depressed. These are 
not perceived ordinarily but may be apparent upon completion of a visual-field examination), and palinopsia {abnormal recurring visual imag- 
ery). In most cases, treatment was continued for the entire planned duration of therapy. Symptoms resolved after discontinuation of therapy. 
"Prevalence not well defined, but appears to be significantly less common than peripheral neuritis, Evaluation is difficult because most patients 
are malnourished, chronic alcoholics, or receiving multiple medications. Pre-existing cye disease does not appear to be a prediaposing factor. 
“Only 12 reported cases of optic neuropathy associated with extended use (>28 days). Duration of therapy ranged from 5-11 months before 
development of optic neuropathy. 

"Visual sensations are most common. Main feature: a brightly colored appearance of objects, occurring soon after the drug is taken. Although 
quinolone antibiotics are nalidixic acid derivatives, they have rarely been associated with these ocular side effects. Visual loss appears to be tem: 
porary; lasting between 30 minutes and 72 hours. Papilledema can also occur, secondary to increased intracranial pressure, primarily in infants 
and young children, This is reversible upon discontinuation, 

="Miosis often with morphine in normal doses; slight with other agents, The effect is secondary to central nervous system) action on the pupillo- 
constrictor center. Other effects are associated with narcotic withdrawal, 

“Optic neuritis ix quite rare. In patients with retinal vascular abnormalities, use of oral contraceptives may not be prudent, Numerous other 
possible ocular adverse effects are associated with these agents, and farther documentation is required, 

“Ocular effects reported with high doses; can induce or exacerbate narrow-angle glaucoma. There have only been a few case reports tinking 
phenmetrazine with cataracts; further documentation is needed. 
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Table 14-1 Agents Implicated in Drug-Induced Visual Disturbances (continued) 


Diminished vision is the most common ocular adverse effect; may be caused by increased lens hydration. Conjunctivitis is less prevalent and 
may be associated with development of Stevens-Johnson syndrome or an allergic reaction. 
“In 6 of 50 patients undergoing ear, nose, and throat procedures using standardized anesthesia with propofol, there was inability to open the eyes 





either spontaneously or in response to verbal commands. This effect lasted between 3 and 20 minutes after the end of anesthetic administration. 
Complete loss of ocular motility occurred in two patients. This was a transient, myasthenia-like weakness. 

"There have been 34 cases of cataracts reported with use of quetiapine. At this time, the association remains classified as “unlikely? because 
cataract development in these patients may have been due to other causes such as age-related lens changes. A causal relationship has not been 
established, 

“Conjunctivitis is common and secondary to dilation of conjunctival blood vessels. Miosis can result, although the symptoms are generally mild 
and can last up to | week after a single dose. 

"Color vision alterations are mild to moderate. Blurred vision does not impair visual acuity, Visual alterations usually subside within 4 hours after 
the dose. 

“Ocular effects of sildenafil identified in premarketing clinical trials occurring in <2% of patients: cataracts, conjunctivitis, dry eyes, eye hemor- 
rhage, mydriasis, ocular pain, and photophobia. 

“Ocular effects of sildenafil identified in postmarketing phase (incidence not known); decreased vision, diplopia, increased intraocular pressure, 
ocular burning, ocular redness, ocular swelling/pressure, retinal vascular disease, vitreous detachment/traction. 

™ Myopia is the most common ocular effect (acute and reversible). Optic neuritis can occur even in association with low doses, although it is 
usually reversible with complete recovery of vision. 

“Generally occur in patients taking higher-than-normal doses for 12-18 months. 

Myopia appears to be acute, transient, and rare. Papilledema is also rare; more prevalent in children and adolescents. 

*Pigmentary retinopathy is primarily associated with maximal daily doses or average doses > 1000 mg. Daily doses up to 600 mg are relatively 
safe; the risk associated with daily doses of 600-800 mg is uncertain, but rarely suspected. If doses >800 mg/day are used, periodic ophthalmo- 
scopic examinations may uncover problems before visual acuity is compromised, 

™Mydriasis is the most common ocular adverse effect. Cycloplegia is rare. Precipitation of angle-closure glaucoma has been reported. 

*A prolonged glare or dazzle occurs when eyes are exposed to light. The glare is reversible, occurs at the retinal level, and is more common in 
adolescents and adults; rare in young children. 

*“Onset of extraocular muscle paresis/paralysis may be seen as early as 2 weeks. Dose-related. Most recover fully when therapy is discontinued. 
“Transient; onset within 30 minutes and usually persist for 30 minutes. Most common in first week of therapy, resolving with continued drug 
administration. May be dose-related. 


Ocular adverse effects associated with the antiepileptic medications are not 
uncommon. Blurred vision, diplopia, and nystagmus are well-documented adverse 
effects of carbamazepine and phenytoin.'?> Downbeat nystagmus has been 
described as a consequence of lamotrigine therapy in two patients. In both cases, 
plasma lamotrigine concentrations were supratherapeutic, and the nystagmus was 
reversible upon correction of plasma concentrations.!*+ There have also been 
numerous case reports linking topiramate with acute secondary bilateral angle- 
closure glaucoma. !”° 


The bisphosphonate drugs have been linked to a number of ocular inflammatory 
adverse effects, including nonspecific conjunctivitis and anterior uveitis. They are 
currently the only drugs reported to cause scleritis.’*!°° Although this is a rare 
occurrence, scleritis is a serious condition associated with ocular pain and may 
lead to vision loss.’ Selective phosphodiesterase-5 inhibitors, such as sildenafil, 
tadalafil, and vardenafil are commonly associated with transient visual 
disturbances, namely changes in color perception, blurred vision, and photophobia. 
These effects are largely dose-dependent. Sildenafil appears to carry the greatest 
dose-dependency, with impaired color perception observed at the standard 50-mg 
dose (3%), and increasing in incidence to 11% and 40-50% in association with the 
100-mg and 200-mg doses, respectively. There are also reports of nonarteritic 
anterior ischemic optic neuropathy (NAION) in patients using selective 
phosphodiesterase-5 inhibitors. However, a causal relationship cannot yet be 
confirmed, as other risk factors may have been involved.®!64!6.168 
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Other drug classes associated with ocular adverse effects include analgesics, 
anticoagulants, antidepressants, anti-infectives, antihyperlipidemics, antineoplastic 
agents, barbiturates, benzodiazepines, f-adrenergic blockers, calcium-channel 
blockers, corticosteroids, hypouricemics, immune modulators, and_ oral 
contraceptives.'* Numerous visual disturbances have also been reported in 
association with the use of herbal and nutritional supplements.*°!347-49>7 


EPIDEMIOLOGY 


The exact incidence of drug-induced visual disturbances is not known. Numerous 
factors including the specific medication, frequency of administration, cumulative 
dose, genetic factors, and route of administration may influence the occurrence of 
drug-induced visual disturbances. For example, 5% of patients undergoing therapy 
with topical corticosteroids experience an increase in intraocular pressure of 16 
mm Hg or greater, while 30% experiences an increase of 6-15 mm Hg following 4 
weeks or more of treatment.2°°7°° Further assessment documented that primary 
open-angle glaucoma developed in 13% of high corticosteroid responders (defined 
as >15 mm Hg increase) and ocular hypertension occurred in 63.8%. Open-angle 
glaucoma developed in no low responders (<5 mm Hg increase) and ocular 
hypertension occurred in only 2.4%.7° 


Corneal opacities occur in 70—100% of patients receiving amiodarone, while 
optic neuropathy develops in approximately 2%. The anticonvulsant lamotrigine 
causes diplopia and blurred vision with incidences of 22% and 15%, respectively. ! 
Agents used for erectile dysfunction (sildenafil, vardenafil, tadalafil) are 
associated with dose-dependent changes in color vision, blurred vision, increased 
light perception, and visualization of flashing lights in 3-50% of patients.! High- 
dose cytarabine has been associated with blurred vision and keratitis in 100% of 
treated patients. Decreased visual acuity, diplopia, and color vision defects have 
been reported with nonsteroidal anti-inflammatory drugs (NSAIDs) even in patients 
taking small doses infrequently.! The known incidences of visual disturbances 
associated with specific drugs are provided in Table 14-1. 


MECHANISMS 


The pathogenesis of drug-induced visual disturbances appears to be multifactorial. 
Cumulative or daily dose, duration of therapy, properties of specific medications, 
and site of drug action all appear to play a role. Although we are knowledgeable 
about mechanisms of visual disturbances associated with some drugs, mechanisms 
have yet to be described for the majority of medications. Known mechanisms can 
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be divided into direct and indirect drug effects on the ocular structures (Table 14- 
2). 

The blood—aqueous barrier and posterior blood-—retinal barrier serve to 
naturally defend the intraocular structures of the eye from exogenous compounds or 
toxins. However, some compounds may penetrate the tight junctional areas between 
retinal pigment epithelium (RPE) cells and within the retinal capillary endothelium. 
Over time, this can lead to a number of ocular problems, such as epithelial 
keratopathy or pigmentary deposition. Medications may also interact directly with 
RPE cells, resulting in retinotoxicity. For example, the antimalarial drugs 
chloroquine and hydroxychloroquine exhibit high affinity for melanin in RPE and 
may induce photoreceptor degradation, leading to the development of a “bulls-eye”’ 
maculopathy.*4 

Amphiphilic compounds, such as amiodarone, accumulate in lysosomes and 
cannot be eliminated effectively. This leads to the accumulation of the drug in 
intracytoplasmic lamellar bodies in the eye. The resulting complex with cellular 
phospholipids on the epithelium cannot be metabolized by lysosomal 
phospholipids, and corneal deposits occur. These deposits are dose- and duration- 
related and resemble chloroquine-induced keratopathy.*?3+2°8 Amiodarone also 
causes optic neuropathy, although the mechanism is less clear. It is thought that a 
vascular occlusion from a decrease in axoplasmic flow may be involved. This may 


result in optic disk edema that progresses to optic neuropathy.*!°* Amiodarone- 
induced optic neuropathy is sometimes difficult to distinguish from NAION because 
patients may already have underlying vascular disease.° 


Table 14-2 Mechanisms of Drug-Induced Visual Disturbances 
Effect 


Angle-closure glaucoma 







Mechanisms 





Associated with mydriasis, which causes closure of the anterior chamber 
angle, preventing elimination of aqueous humor from the eye; may also result 
from swelling of the lens or other ocular tissues 


Blepharoconyunctivitis Drug concentrating in the tears causing irritation and subsequent inflammation 
of the eyelids and conjunctiva 


Blurred vision Direct ocular effects (see: Dry eyes, keratoconjunctivitis sicca, mydriasis) or 
indirect effects in nonocular areas (central nervous system depression, 
cranial-nerve damage, hypertension, etc.) 


Cataracts/lens opacities Medications may precipitate as fine granules, typically in the superficial 
cortex of the lens and in the anterior capsule 

Color vision disturbances Impairment of retinal-cell function through direct effect of medications on the 
ocular tissues; may occur at therapeutic plasma drug concentrations 

Conjunctival pigmentation Direct deposition of medication in cysts within conjunctival epithelium 

Corneal deposits Accumulation of the drug in the intracytoplasmic lamellar bodies in the eye; 


these bodies form complexes with cellular phospholipids that cannot be 
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Diplopia 
Dry eyes 


Epiphora 


Exophthalmos 


Extraocular muscle paresis 


Floppy iris syndrome 


Halo vision 
Intraocular pressure increases 


Keratoconjunctivitis sicca 


Mydriasis 


Necrotizing uveitis 


Nonarteritic anterior ischemic 
optic neuropathy (NAION) 


Nystagmus 


Optic neuropathy 


Periorbital edema 


Ptosis 


Retrobulbar neuritis 


metabolized by lysosomal phospholipids, and corneal deposits result; may be 
time- or concentration-dependent, or both 


See: Dry eyes, keratoconjunctivitis sicca, mydriasis 


Secretion of medication by lacrimal gland, leading to local eye irritation; 
medications may also indirectly lead to inadequate tear production and 
subsequent irritation 


Excessive lacrimation due to local irritation of the eye or obstruction of tear 
ducts, thus preventing the drainage of tears 


Unknown 


Cranial-nerve palsy, which may lead to dysfunction in one or more 
extraocular muscles 


al-adrenergic blocking effect (alfuzosin, terazosin, etc.) may also selectively 
block receptors in the iris dilator muscle, leading to atrophy of the iris dilator 
smooth muscle 


Unknown 
See: Angle-closure glaucoma 


Secretion of medication by lacrimal gland, leading to local eye irritation; 
medications may also lead indirectly to inadequate tear production and 
subsequent irritation 


Sympathetic stimulation may cause contraction of the radial muscle, and 
subsequent dilation of the iris; mydriasis may precipitate or exacerbate angle- 
closure glaucoma 


Medications may cause uveitis through direct toxicity or indirect mechanisms, 
including stimulation of the immune system to develop antidrug antibodies; 
drug combining with melanin and inducing uveitis by reducing the pigment’s 
free radical scavenger properties; antibiotics stimulating the immune system 
by liberating antigens from dead microorganisms 


Caused by reduced blood flow to the optic nerve; the most common ocular 
adverse effect found in nearly all patients treated with long-term amiodarone 
is reversible keratopathy, known as vortex keratopathy; this neuropathy is 
typically bilateral and symmetric; NAION, nonarteric ischemic optic 
neuropathy, rarely occurs simultaneously in both eyes; its symptoms often 
resolve in weeks; the onset is more insidious, and the degree of visual loss is 
less 


Cerebellovestibular dysfunction; dose-related, potentially irreversible 
cerebellar deficits 


Decrease in axoplasmic flow may lead to vascular occlusion, resulting in optic 
disk edema that progresses to optic neuropathy; compromised axonal 
transport in optic nerve that leads to optic neuropathy; may be time or 
concentration-dependent, or both 


Allergic reaction; with imatinib, it is presumed that inhibition of platelet- 
derived growth factor in dermal dendrocytes of the periorbital skin may result 
in a decrease in interstitial fluid pressure, which may lead to localized edema 


Cranial nerve palsy, which may lead to dysfunction in one or both upper 
eyelid elevator muscles 


Drug chelates retinal-cell copper, which acts as a cofactor for mitochondrial 
functioning in the optic nerve; consequentially, axonal transport in the optic 
nerve may be compromised and progress to optic neuropathy 
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Superficial punctate keratitis [Unknown 


The mechanism of ethambutol-induced optic neuropathy remains incompletely 
understood. It is postulated that ethambutol chelates retinal-cell copper, which acts 
as a cofactor for mitochondrial functioning in the optic nerve. As a result, axonal 
transport in the optic nerve may be compromised, leading to optic neuropathy. 
These effects appear to be dose- and time-dependent. ! 


An increase in intraocular pressure, caused by certain medications such as 
corticosteroids, can exacerbate open-angle glaucoma. Mydriatics and 
mydriatic/cycloplegics could exacerbate angle-closure glaucoma, because this is an 
anatomical event. Secretion of medications through the lacrimal gland can lead to 
blurred vision, eye and contact-lens discomfort, dry eye symptoms, and 
conjunctivitis. 

Drug-induced ocular effects are time-dependent, suggesting that tissue 
accumulation likely plays a role in the pathophysiology.** Visual disturbances can 
also result from the indirect actions of certain medications on nonocular structures. 
Blurred vision is a common adverse effect of anticholinergic medications and 
benzodiazepines. Phenytoin may cause cerebellar degeneration and eventually lead 
to irreversible cerebellar deficits. Vision changes may be an indication of toxic 
plasma drug concentrations.! Drugs that lead to hypertension, metabolic 
abnormalities, sedation, or dehydration may also lead to visual problems. 
Nystagmus induced by carbamazepine and phenytoin may be due to 
cerebellovestibular dysfunction.°° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms of drug-induced visual disturbances are listed in Table 14-3. 
The onset of signs and symptoms is largely time-dependent, meaning that they are 
more likely to occur later in therapy. In some cases, drug-induced visual 
disturbances may mimic the signs and symptoms of other diseases, requiring 
clinicians to carefully evaluate each contributing factor that might result in their 
patients’ visual disturbances. Various methods of diagnosis are used to identify 
drug-induced eye disease. These are similar to diagnostic tests and methods used 
with eye disease that is not drug-induced. Principles such as onset of symptoms in 
relationship to the initiation of drug therapy are key. The time frame for certain 
adverse ocular effects of drugs is known, and should stimulate certain diagnostic 
tests. One example is the increase in intraocular pressure that may be associated 
with the administration of topical corticosteroids. The maximum intraocular 
pressure increase occurs within 4 weeks, so it makes sense that intraocular 
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pressure should be measured once or twice during that time period. Table 14-4 
lists conditions that should be considered in the differential diagnosis of drug- 
induced visual disturbances. 


Table 14-3 Signs and Symptoms Associated with Drug-Induced 


Visual Disturbances29? 





* Blepharitis 

¢ Blindness 

¢ Blurred vision 

* Cataracts 

* Color vision alterations 
* Conjunctivitis 

* Decreased vision (miosis, mydriasis) 
* Dhiplopia 

* Glaucoma 

* Halos around lights 

* Hallucinations 

* Hazy vision 

¢ Increased intraocular pressure 
* Keratopathy 

* Night blindness 

* Optic neuropathy 

* Photophobia 

¢ Pseudotumor cerebri 

* Scleritis 

* Tunnel vision 

° Vertigo 

¢ Visual field constriction 


Table 14-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Visual Disturbances? !:345209 
* Stroke 

* Concussion 

* Dehydration 

* Encephalopathy 

¢ Exposure to environmental toxins 

¢ Drug intoxication 

* Glaucoma 

* Head trauma 

¢ Hypertension 

¢ Intracranial lesions/infarction 

* Macular degeneration 

* Migraine 

* Metabolic disorders (i.e., diabetes, Wilson disease) 
* Neoplasm 

* Psychiatric disease 
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* Retinal disease/detachment 
¢ Seizures 
¢ Vitreous detachment 


Hypersensitivity reactions including dermatitis are most likely to affect the 
eyelids. Quinolones may cause hyperpigmentation of the eyelids, while 5- 
fluorouracil is associated with blepharitis and conjunctivitis involvement.*? 
Keratoconjunctival disorders present mainly as conjunctival hyperemia (red eye) 
with or without superficial corneal involvement.*! Medications that are structurally 
related to sulfonamides may induce swelling of the ciliary body leading to the 
development of angle-closure glaucoma.*” 


Agents that dilate the pupil (adrenergics, anti-cholinergics) may cause blurred 
vision or precipitate angle-closure glaucoma in patients with narrow anterior 
chamber angles. Angle-closure glaucoma is a medical emergency. Symptoms 
include swelling of the eye, clouding of the cornea, and severe pain. 
Corticosteroids can increase intraocular pressure (IOP) in genetically predisposed 
patients, resulting in ocular hypertension of open-angle glaucoma.?”° Although 
corticosteroid-induced increases in IOP are associated most frequently with topical 
ophthalmic preparations, systemic corticosteroids may cause a similar response, 
although with a lesser magnitude.7!° 

Docetaxel and paclitaxel have also been associated with the development of 
open-angle glaucoma.** Unlike angle-closure glaucoma, ocular hypertension and 
open-angle glaucoma are silent diseases that are frequently symptom-free until 
there has been significant damage to the optic nerve, resulting in a reduction of the 
visual field. Patients may describe a loss of central or peripheral vision. 

Corticosteroids, allopurinol, phenothiazines, and busulfan have been reported 
to cause cataracts.>! Symptoms of cataracts include a reduction in visual clarity and 


a reduced ability to see in low light or darkness. Many drugs administered 
systemically reach the retina via the systemic circulation. Phenothiazines may bind 
to melanin, causing a severe phototoxic retinopathy.** Amiodarone appears to cause 
a bilateral optic neuropathy that is similar to NAION, a condition also associated 
with the use of cGMP (cyclic guanosine monophosphate)—specific 
phosphodiesterase-5 inhibitors for erectile dysfunction.** Amiodarone has also 
been associated with lens deposits and keratopathy due to corneal alterations 
related to a drug-induced lipid storage disorder.*!' Symptoms of keratopathy 
include glare and photophobia. 


RISK FACTORS 
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In some instances, the risk of visual disturbances associated with medications is 
influenced by genetic factors. An example of this is the propensity for topical 
corticosteroids to cause increases in intraocular pressure. Myocilin is a protein, 
encoded by the WYOC gene, which is linked to the most common form of glaucoma 
(open angle). Overexpression of myocilin due to corticosteroid administration 
augments the pressure response.! Studies suggest that heterozygotes are at medium 
risk, while homozygotes are at higher risk.*!? Unfortunately, there is no reliable 
genomic test to assess individuals prior to treatment to determine the likelihood for 
exaggerated and potentially adverse response to these medications. 


In other cases, the risk for visual disturbances is increased with the daily drug 
dose, the cumulative drug dose, or both, as well as the use of combinations of 
medications associated with the development of visual disturbances. Underlying 
disease states may predispose patients taking certain medications to visual 
disturbances. The risk of corticosteroid-induced ocular hypertension is greater in 
patients with high myopia, diabetes mellitus, or connective-tissue disease 
(particularly rheumatoid arthritis).2!° The best approach to minimize the risk of 
drug-induced visual disturbances involves accurate diagnosis, including all 
underlying disease states and pre-existing drug therapy (prescription and 
nonprescription drugs and natural remedies), past therapeutic response to 
medications, including adverse events, and careful patient monitoring based on the 
benefit-to-risk ratio of medications administered. Practitioners must also recognize 
that some ocular disorders will occur regardless of careful prescribing or 
monitoring practices. For example, while age-related cataracts are slowly 
progressive, the potential for their development exists in everyone, depending upon 
longevity. Ocular symptoms often occur at plasma concentrations within the 
therapeutic range. The effects may be more marked at higher plasma 
concentrations.”!* Table 14-5 lists other risk factors associated with drug-induced 
visual disturbances. 


Table 14-5 Risk Factors for Drug-Induced Visual Disturbances 





¢ Anatomic predisposition (e.g., narrow anterior chamber angles) 

* Concomitant use of multiple drugs, including herbal therapies, that may cause visual disturbances (see Table 
14-1) 

* Cumulative dose (e.g., chloroquine, >100 g ) 

* Daily dose (e.g., hydroxychloroquine 500-700 mg/day) 

* Genetics (e.g., myocilin and topical ophthalmic corticosteroids) 

¢ Underlying disease states/conditions (see Table 14-4) 


MORBIDITY AND MORTALITY 
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In general, the ocular side effects of drugs should have minimal overall adverse 
impact on the healthcare system in terms of hospitalizations or length of stay, and 
pose a relatively small risk of mortality. Most adverse events are managed through 
consultation within the office setting. Certain adverse events such as acute angle- 
closure glaucoma could result in emergency department visits. Conceivably, drug- 
induced loss of vision could result in a situation associated with bodily harm or 
death (1.e., personal or motor vehicle accident). 


Left untreated, acute emergencies such as drug-induced angle-closure glaucoma 
could result in the permanent loss of sight in one or both eyes. Any acute or chronic 
reduction in visual acuity, as well as clinically significant reactions such as 
conjunctivitis could be associated with diminished quality of life. 


PREVENTION 


Some topically administered ocular medications are associated with systemic 
toxicities that can include visual disturbances. Topical atropine has been associated 
with blood pressure changes that affect vision. The use of punctal occlusion 
minimizes systemic absorption of the topically administered medication and 
therefore reduces, but does not eliminate, the associated risk. Punctal occlusion 
involves the application of pressure to the inner canthus with the index finger 
following topical administration of ophthalmic medication. Ideally, pressure should 
be applied for approximately 2 minutes. However, use of this technique, even for 
shorter periods, reduces the potential for systemic absorption of the topically 
administered medication. 


The development of visual disturbances associated with systemic medications 
is frequently related to the average daily dose administered, the duration of 
treatment, and the cumulative dose. Prescribers are encouraged to consider the 
potential for visual disturbances associated with prescribed medications and to 
appropriately monitor patients. Healthcare providers may consider avoiding certain 
drugs, such as phosphodiesterase-5 inhibitors, in patients already at high risk for 
certain ocular diseases, such as NAION. Although there are only case reports 
linking these agents to NAION, these patients may already have compromised optic 
nerves due to vascular disease. It is postulated that these medications can lead to 
further neural function damage. 


In some situations, visual disturbances occur in association with medications 
that may be monitored via the assessment of plasma concentrations (e.g., 
phenytoin). In such cases, therapeutic drug monitoring is suggested as appropriate 
based on clinical management of the patient and the potential for or suspicion of 
visual disturbances associated with the medication. 


Routine ophthalmic examinations should be completed in all individuals. The 
usual frequency for examinations in patients without risk is every 2 years for 
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individuals 18-60 years of age, and yearly thereafter. Patients with risk factors, 
including medications that may be associated with visual disturbances, should be 
seen more frequently (at least annually). In addition, patients should be educated 
regarding the necessity for follow-up visits if they receive medications that might 
be associated with the development of visual disturbances. Prescribers should 
carefully consider any underlying conditions that might make a patient more 
susceptible to visual disturbances associated with medications. Product 
information is another valuable tool in enabling individuals to assess the potential 
for a medication to induce visual disturbances. Approaches to help prevent drug- 
induced visual disturbances are outlined in Table 14-6. 


Table 14-6 Approaches to Help Prevent Drug-Induced Visual 





Disturbances 


* Be aware of the potential for visual disturbances 

¢ Discontinue therapy prior to reaching total cumulative dose associated with visual disturbances 

¢ Use punctal occlusion for topical ophthalmic medications with the potential for systemic adverse effects 
* Restrict daily dose to minimize risk of visual disturbances 

* Routine ophthalmic examinations 


MANAGEMENT 


Relatively little information exists regarding the effective management of drug- 
induced visual disturbances and ocular toxicities. The decision to discontinue, 
change, or even continue therapy with the offending agent is dependent on multiple 
factors (risk versus benefit, availability of alternative agents, severity of disease). 
The key to appropriate management is early identification. 


Nonprescription or prescription medications (decongestants, artificial tears, 
NSAIDs) may be used to manage mild visual disturbances such as blurred vision or 
conjunctivitis. Discontinuation of the offending agent is usually necessary to 
ameliorate drug-induced visual disturbances. This is especially true for more 
serious ocular problems, such as retinopathy or maculopathy. Discontinuation of 
bisphosphonates is necessary for resolution of scleritis. Visual effects associated 
with cyclooxygenase-2 inhibitors typically resolve within 72 hours of drug 
discontinuation. Ocular adverse effects induced by phenytoin often resolve with 
discontinuation of therapy or dose reduction, although in some cases nystagmus may 
persist for 20 months or longer.! Intraocular pressure elevation, such as that caused 
by corticosteroids, 1s an indication to taper therapy. Left uncontrolled, significant 
increases in intraocular pressure could result in blindness. The antimalarial 
medications chloroquine and hydroxychloroquine may produce retinopathy and 
maculopathy. These effects are usually irreversible unless identified in the very 


ay) 


early stage. Progression may occur and management may be limited to 
interventional pharmacology or surgical intervention. 


In situations in which discontinuation of therapy is not always feasible (i.e., 
amiodarone), reducing the dose may help attenuate some of the visual disturbances. 
This is especially true for obese patients, who may be receiving above-normal 
doses of certain medications, such as gentamicin. 


INFORMATION FOR PATIENTS 


Appropriate patient education is the key to preventing and reducing the impact of 
drug-induced visual disturbances. The use of punctal occlusion when administering 
topical ophthalmic medications reduces the potential incidence of systemic side 
effects. The risks and benefits of a particular therapy should be thoroughly 
conveyed to the patient. Routine ophthalmic examinations are central to eye health 
assessment, and patients should have follow-up examinations at the recommended 
frequency. Patients should be advised to disclose all prescription, nonprescription, 
and herbal medications to their healthcare provider. Any rapid or sudden changes 
in visual acuity should also be reported. 
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CHAPTER 15 


Delirium 


Matthew A. Fuller 


Delirium is a common and sometimes fatal disorder characterized by disturbance of 


consciousness and change in cognition that develops over a short period of time.! 
Delirium may have numerous etiologies, including drugs. 


CAUSATIVE AGENTS 


Drug-induced delirium may be caused by a wide array of drugs; however, there are 
a few agents that are consistently associated with the development of the disorder.” 
© These include high-risk drugs that possess anticholinergic properties, such as low 
potency antipsychotics, tricyclic antidepressants, older antihistamines, sedative 
hypnotics, corticosteroids, and narcotics (Table 15-1).7-!°° 

Other drugs vary in their propensity to cause delirium. For instance, exposure to 
opioids has been shown to increase the risk of delirium in patients with cancer; 
however, effectively treating pain with opioids in postoperative patients may 
actually reduce the risk of developing delirium.!”!°!!°* The incidence of 
postoperative delirium approaches 50%. 
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In a meta-analysis, the association between psychoactive medications and the 
development of delirium in hospitalized patients was assessed.!° This meta- 
analysis reviewed 28 studies that included several classes of psychoactive 
medications such as antiparkinsons, anticonvulsants, anticholinergics, antiemetics, 
antidepressants, antipsychotics, benzodiazepines, corticosteroids, histamine-type 
H, antagonists, nonsteroidal anti-inflammatory drugs, and opioid analgesics. Only 
psychoactive medications (grouped together) were found to be associated with the 


development of delirium. No individual medication was significantly associated 
with delirium. 


EPIDEMIOLOGY 


Delirium is very common and has been reported in 14-24% of patients at hospital 
admission, up to 56% of hospitalized patients, as many as 60% of individuals in 
nursing homes, and up to 88% of those in palliative care.!°*!°° Most patients have 
multiple etiologies rather than a single cause of delirium, especially if they are 
burdened with medical problems or are elderly. 


Table 15-1 Agents Implicated in Drug-Induced Delirium 











Incidence Level of Evidence* 





ANTIPSYCHOTICS 

Fluphenazine 13 C 
Haloperidoll2 C 
Perphenazine 14 C 
Quetiapine9 NK C 
Risperidone 10 NK C 
Thioridazine 15 NK C 
Ziprasidone8 NK C 
OPIOIDS27 

Fentanyl18,19 B 
Meperidine 19,95 RR 2.4, 95% CI 1.3-4.4 B 
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CORTICOSTEROIDS 
Prednisone20,21,27,97 


ANTIARRHYTHMICS 


Amiodarone25 

Lidocaine23 

Quinidine26 

Tocainide24 

DIGOXIN26,27 

ALCOHOL WITHDRAWAL22 


ANTIASTHMATICS 
Theophylline 
ANTICONVULSANTS 
Phenytom28 


Acetazolamide29 
Lamotrigine30 
Pregabalin3 1 
Tiagabine32 
Valproic acid33,57 


ANTIDEPRESSANTS 
Tricyclics 


Protriptylne34 
Desipramine35,36 
Clomipramine37 
Amitriptyline 14,38 
Imipramine39 


Doxepin40 


Z 
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Selective Serotonin Reuptake Inhibitors 


Fluoxetine34,41 
Paroxetine42 
Sertraline 12 


Miscellaneous 


Bupropion43 


Venlafaxine44 
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Mirtazapine45 


Monoamine Oxidase Inhibitors 


Phenelzine47 


nw 


Tranylcypromine46 





DOPAMINERGIC AGENTS 





Amantadine48 C 
— i 
Bromocriptine50 C 
BENZODIAZEPINES?> B 
Lorazepam51 NK C 
Diazepam52 NK C 
Clonazepam53 NK C 
Alprazolam54 NK C 
Triazolam55 NK C 
ClorazepateS6 NK C 
ome fa ca 
NSAIDs 

Diclofenac58 NK C 
Ibuprofen59 NK C 
Ketoprofen60 NK C 
Sulindac61 NK C 
Indomethacin62 C 
Salicylic acid63 C 





COX-II INHIBITORS 
Celecoxib64 NK C 


NK 
NK 
ACE INHIBITORS65 


Captopril NK C 








Reserpine 

Clonidine 

Methyldopa 

CALCIUM CHANNEL BLOCKERS 

Nifedipine67 NK C 
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Verapamil66 


BETA BLOCKERS 
Atenolol69 


Metoprolol70 
Propranolol13,68 


ANTIMICROBIALS 
Aminoglycosides 


Tobramycin71 


Macrolides 


Azithromycin72 
Clarithromycin73 


Cephalosporins 
Cephalexin74 


Cephalothin75 
Cefazolin76 


Penicillins 
Piperacilln—tazobactam77 
Fluoroq uinolones?® 
Ciprofloxacin78 
Gatifloxacin79 


Ofloxacin80 





Levofloxacin8 1 


Miscellaneous 


Chloramphenicol82 


Cimetidine85 
Ranitidine86 


Nizatidine87 





Famotidine88 





ANTICHOLINERGICS89,100 
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Atropine90 NK C 
Benztropine 12,13,91 C 
Diphenhydramine84,94 OR 2.3, 95% CI 1.4-3.6 B 
Tolterodine93 C 


ACE = angiotensin-converting enzyme, CI = confidence interval, COX = cyclo-oxygenase, NK = not known, 
NSAID = nonsteroidal anti-inflammatory drug, OR = odds ratio, RR = relative risk. 

aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 
Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Although the majority of cases are believed to be multifactorial, medications, 
particularly when patients are taking multiple drugs (polypharmacy), have been 
cited as the single cause of delirium in 12-39% of cases.* Aside from drug causes, 
other frequently identified etiologies of delirium include sensory and environmental 
issues (poor vision and hearing), infection, and fluid and_ electrolyte 


disturbances. !°7 


MECHANISMS 


There is a paucity of data describing mechanisms of drug-induced delirium. Some 
mechanisms have been determined through electrophysiological and biochemical 


studies and brain scans (Table 15-2).'°° The presence of anatomical lesions may 
lead to development of delirium; symptoms are related to the location of the lesion. 


Table 15-2 Mechanisms of Drug-Induced Delirium 
Drug(s) 


Amitriptyline 
Atropine 
Benztropine 
Clomipramine 
Clozapine 
Desipramine 
Doxepin 
Imipramine 
Olanzapine 
Protriptyline 
Quetiapine 
Scopolamine 
Thioridazine 
Tolterodine 


Mechanism 


Decreased acetylcholine function 
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Amantadine Excess dopamine function 
Levodopa 
Bromocriptine 


Prednisone Excess glucocorticoid activity 


Alprazolam Decreased GABA concentration 
Clonazepam 

Clorazepate 

Diazepam 

Lorazepam 

Triazolam 


Fluoxetine Serotonin dysfunction 
Paroxetine 
Sertraline 


GABA = gamma-aminobutyric acid. 


Acetylcholine has been implicated as the major neurotransmitter involved in the 
development of delirium. Despite various locations of lesions or other 
neurochemical changes, acetylcholine appears to be the final common pathway 
involved.!°? This is consistent with the acetylcholine hypothesis of cognitive 
impairment in neurocognitive disorders such as those due to Alzheimer disease. 
Elderly patients develop an age-related decrease in acetylcholine reserve, making 
them more vulnerable to acute changes in plasma acetylcholine concentrations. 
Further support for this theory is the relationship between the administration of 
anticholinergic drugs and cognitive deficits, particularly a reduction in the ability to 
focus or maintain attention and short-term memory deficits. Tune and Egeli!” 
studied 88 patients meeting criteria for delirium (7 = 47) or dementia (n = 41) and 
found that those with delirium were taking a significantly larger number of 
anticholinergic medications than those with dementia. It is unlikely that 
acetylcholine is the sole neurotransmitter involved in the development of delirium, 
given its interaction with dopamine transmission.!!? Dopamine exerts an inhibitory 
effect on the release of acetylcholine. 

Glucocorticoid excess also has been implicated in the development of 
delirium!!! Preclinical and clinical data support the hypothesis that increases in 
plasma glucocorticoid concentrations associated with various disorders, including 
depression, dementia, and Cushing syndrome, lead to cognitive impairment. Even 
modest increases in plasma glucocorticoid concentrations over a period of 5—6 
years have led to reduced hippocampus-dependent memory and hippocampus 
volumes. There also may be a diminishment in the hypothalamic-pituitary-adrenal 
axis negative feedback loop in response to elevated plasma _ glucocorticoid 
concentrations as well as an increased sensitivity to adrenocorticotrophic hormone 
stimulation. 


Other possible neurotransmitters involved in the pathogenesis of delirium 
include gamma-aminobutyric acid (GABA), glutamate, fB-endorphins, and 
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serotonin.!!* Cerebrospinal fluid sampling in elderly patients with delirium 
revealed diminished somatostatin-like and B-endorphin-like immunoreactivity. 
Therefore, although acetylcholine most commonly has been implicated in the 
development of delirium, the complete pathogenesis remains unknown but is likely 
multifactorial. A detailed review of the neuropathogenesis of delirium has been 
published.!!? 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM- 
5), characterizes delirium as a disturbance in attention, awareness, and cognition 
that develops over a brief period of time.! Symptoms of drug-induced delirium do 
not differ from those associated with delirium from other causes (Table 15-3).!?° 
There may be a prodromal syndrome of anxiety, changes in sleep patterns, 
disorientation, irritability, and restlessness 1—3 days prior to the full onset of 
delirium. Following the prodromal syndrome, patients develop disturbances of 
consciousness, cognition, psychomotor function, and, in some cases, sleep patterns. 
These disturbances develop over a short period of time (hours to days), and the 
symptoms fluctuate throughout the course of the day, making recognition of the 
disorder difficult.°'!°* Patients may be easily distracted and have a decreased 
awareness of their environment. Cognitive deficits such as disorientation to place 
and time, dysarthria, and loss of recent memory are common. Some patients 
develop perceptual disturbances such as delusions, illusions, or hallucinations. 
Psychomotor activity may present as hyperactive, hypoactive, or mixed types. 
Hyperactivity is characterized by agitation, restlessness, and emotional lability. 
Hypoactivity is characterized by withdrawal, flat affect, lethargy, and diminished 
responsiveness. Hypoactivity occurs more frequently than hyperactivity, and is 
unrecognized in as many as 66-84% of hospitalized patients.''* In a study of 
patients in an intensive care unit (ICU), 1.6%, 43.5%, and 54.1% of patients were 
diagnosed with hyperactive, hypoactive, and mixed delirium, respectively.!!4 
Patients with mixed psychomotor symptoms fluctuate between hypoactive and 
hyperactive symptoms throughout the day. The sleep-wake cycle is often disrupted, 
and patients may experience insomnia, daytime drowsiness, or a complete reversal 
of the sleep cycle. Emotional disturbances such as anxiety, depression, fear, anger, 
irritability, aggression, or euphoria occur commonly. 


Table 15-3 Signs and Symptoms Associated with Drug-Induced 





Delirium 
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¢ Autonomic activation (dilated pupils, dry mouth, flushing, sweating, tachycardia) 
* Coma 

* Decreased ability to sustain or focus attention 

* Disorientation to time or place 

¢ Dysarthria 

¢ Dysgraphia 

* Dysnomia 

* Easily distracted 

¢ Electroencephalogram abnormalities (generalized theta or delta slow-wave activity) 
¢ Emotional disturbances (anger, anxiety, fear, euphoria, apathy, depression) 
* Emotional lability 

* Hallucinations 

* Hyperactivity (picking at things, trying to get out of bed) 

° Illusions 

¢ Memory deficit (recent memory) 

* Misinterpretations/misperceptions 

* Neurologic abnormalities (unsteady gait and tremor) 

* Rambling, pressured, or incoherent speech 

* Restlessness 

* Sleep disturbances 

¢ Sluggishness or lethargy 

* Stupor 


The incidence of delirium is very high in certain populations, including older 
postoperative patients (15-53%), those in an ICU (70-87%) or nursing home 
(60%), and patients at the end of life (up to 83%).!* Geriatric, oncologic, 
pediatric, and psychiatric patients are also at significant risk for developing 
delirium, !0°.108 


Any evaluation of a patient for drug-induced delirium must include a careful 
and thorough medication history. One must assess patients’ use of herbal products, 
complementary medicines, nonprescription medications, and drugs of abuse, as they 
have been implicated in provoking delirium. Furthermore, a social history that 
includes alcohol or illicit drug use should alert the clinician to the potential for 
delirium, which may occur in association with drug or alcohol withdrawal.7!> In 
the majority of cases, a multitude of etiologies exists, including drugs, and all 
possibilities must be considered. 


The diagnosis of drug-induced delirium is purely clinical, as there are no 
laboratory tests that can definitively diagnose the disorder. Along with the medical 
history and clinical observation, the use of rating scales may assist in confirming 
the diagnosis. In just a few minutes, clinicians can complete a simple screening tool 
for delirium, the confusion assessment method (CAM), which has been adapted to 
other settings, such as the ICU (CAM-ICU).!!%!!” The mini-mental state 
examination (MMSE) may also be used to screen patients for delirium. Other 
scales, such as the delirium rating scale (DRS) and the memorial delirium 
assessment scale (MDAS), are used to monitor symptoms over time.!!®!!9 
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Differentiating delirium from other disorders may be difficult as symptoms may 
overlap considerably. Delirium is frequently underdiagnosed. Studies report that 
delirium occurring in patients on general medical units is not diagnosed in 32-67% 
of cases.!*° It may also be difficult to distinguish drug-induced delirium from that 
occurring as a result of other etiologies. Conditions to consider in the differential 
diagnosis of drug-induced delirium are listed in Table 15-4. 






Table 15-4 Conditions to Consider in the Differential Diagnosis 
of Drug-Induced Delirium 


Dehydration 
¢ Delirium not caused by drugs 
« Dementia 
* Depression 
* Drug/alcohol use or withdrawal 
¢ Fever 
* Heart failure 
* Hepatic insufficiency 
* Hypercalcemia 
* Hypo-, hypernatremia 
* Hypoglycemia 
* Hypoxia 
* Infection 
* Intoxication 
* Kidney disease 
¢ Mania 
* Metabolic disturbances 
* Shock 
* Uremia 





Patients with drug-induced delirium usually develop symptoms during 
intoxication, over an extended period of time with continuous drug use, or during 
drug or alcohol withdrawal. Delirium during acute intoxication presents within 
minutes to hours after ingestion of the substance (e.g., cocaine, hallucinogens). !*! 
The potential for delirium is increased if additional agents with anticholinergic 
activity also are ingested. A drug-induced delirium also may develop secondary to 
the accumulation of a drug or its metabolite over an extended period of time (e.g., 
barbiturates, alcohol) or as a result of a combination of a suspect medication and a 
pre-existing medical condition.!!** Withdrawal delirium may last a few hours to 
several weeks, depending on the half-life of the causative agent. This type of 
delirium results from lower tissue and body fluid concentrations than those to 
which the body has become accustomed. Withdrawal delirium may also be 
precipitated by a drug interaction, lowering the dose of a medication, or increased 
drug clearance such as that which may occur during dialysis or due to changes in 
kidney or liver function. !7° 
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Although most underlying causes of delirium often can be easily ruled out, 
dementia is often confused with delirium.!>!?* Memory impairment is common to 
both delirium and dementia; however, delirium is associated with impairment in 
consciousness during which patients are not alert or oriented to time or place. In 
addition, symptoms that develop rapidly and fluctuate throughout the day are more 
consistent with delirium than dementia. Differentiation between the two disorders 
is important and may require a more complete history from family or caregivers 
(Table 15-5).!74 


RISK FACTORS 


Specific risk factors for delirium have been identified (Table 15-6). It is unknown 
if the risk factors for drug-induced delirium are different from those for delirium 
secondary to other causes. 


Table 15-5 Clinical Features That Distinguish Delirium and 


Dementia!24 





Physical illness or drug toxicity Present Often present 
Psychomotor activity Altered Normal 


Speech Often incoherent Word finding difficulty and 
perseveration 


Clinical Feature Dementia 
Onset Insidious 
Course Stable 
Attention Normal 
Cognition Impaired 
Consciousness Clear 
Delusions Usually absent 
Hallucinations Usually absent 
Involuntary movements Usually absent 
Orientation Often impaired 

Present 

Atered 


Table 15-6 Risk Factors for Drug-Induced Delirium 





* Acid—base imbalance 
« Advanced age 

« Anemia 

* Cardiac arrhythmias 
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* Concomitant alcohol use 

* Concomitant use of multiple drugs that may cause delirium 
¢ Heart failure 

¢ Dementia 

* Depression 

° Fever 

* Fluid/electrolyte abnormality 
¢ Head trauma 

* Hepatic insufficiency 

* Hypoalbuminemia 

* Hypoglycemia 

* Hypoxia 

* Impaired physical function 
* Infection 

* Kidney disease 

¢ Myocardial infarction 

* Neoplasm 

« Pain 

¢ Parkinson disease 

* Poor nutrition 

* Respiratory failure 

* Seizure disorder 

¢ Sensory deprivation 

* Severe illness 

* Shock 

* Sleep deprivation 


A decrease in the metabolism or elimination of psychoactive drugs is a risk 
factor for drug-induced delirium. In some patients, diminished metabolism may be 
linked to drug interactions, heart failure, hepatic insufficiency, and/or kidney 
disease. The anticholinergic effects of psychoactive compounds may contribute to 
delirium via increased neuronal excitability and rate of neuronal adenosine 
triphosphate consumption, release of dopamine and glutamate, and stimulation of 
the sympathetic nervous system. Postoperative pain is also a risk factor for 
delirium (moderate pain: OR 2.2, 95% CI 1.2—4; severe pain: OR 3.7, 95% CI 1.5— 
g) 102 

A number of medical conditions are recognized as potential risk factors for the 
development of delirium and may also increase the risk of drug-induced delirium. 
Diagnoses of dementia or cognitive impairment have been identified as risk factors 
for delirium.*.'*° Disorders that affect neuronal functioning may cause delirium, 
including cerebral infarction, seizures, head trauma, vascular disease, Parkinson 
disease, and dementia.*»:!*> Various metabolic abnormalities may contribute to the 
development of delirium, including electrolyte disturbances, kidney disease, 
hepatic insufficiency, edema from heart failure, thiamine deficiency, and acid-base 
imbalance.”!*! Conditions that lead to changes in the delivery of oxygen or 
nutrients to the central nervous system also may predispose patients to delirium, 
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such as myocardial infarction, cardiac arrhythmias, heart failure, respiratory 
failure, chronic obstructive pulmonary disease, anemia, hypoxia, or shock. 
Recently, alcohol abuse, hypertension, and higher APACHE (Acute Physiology and 


Chronic Health Evaluation) II scores have been identified as risk factors for 


delirium. !2° 


Infection and fever also increase the risk of delirium. Hyperthermia causes a 
central release of norepinephrine, glutamate, and dopamine, which may predispose 
the patient to delirium.!?! Patients with human immune deficiency virus (HIV) 
infection may develop delirium caused by viral infection of neuronal tissue, 
opportunistic infection of the central nervous system, or metabolic 
encephalopathy.!*”!?8 Antibiotics, antivirals, or antifungal agents may be involved 
in drug interactions contributing to delirium. 


Cancer increases the risk of delirium possibly due to associated liver or kidney 
disease, prerenal azotemia, hyperosmolality, dehydration, medications (e.g., 
opioids), hypoxia, disseminated intravascular coagulation, recent surgery, 
metastasis to the brain or other areas of the central nervous system, and 
infection.!?%'°° In addition, patients undergoing treatment for cancer are often 
undergoing therapy with complex medication regimens associated with drug 
interactions that increase the potential for delirium. 

The increased risk of delirium in postoperative patients appears to be linked to 
common occurrences such as infection, hypoxia, myocardial ischemia, metabolic 
derangement, decreased mobility, and exposure to anticholinergic drugs.!?*-'?! The 
increased risk in this population does not correlate with the number of previous 
surgeries, the duration of the surgical procedure, the type of anesthesia used, or the 
surgical technique employed. 

Conditions of deprivation, including both sleep and sensory deprivation 
(hearing loss, visual impairment, and immobility), such as that which occurs in an 
ICU, have been found to be risk factors for delirium.!°? An interventional study of 
patients with deprivation-associated delirium found that nonpharmacologic 
interventions such as providing a relaxing night-time environment, hearing aids, 
glasses or magnifying glasses, large print materials, other forms of communication, 
and exercise may lower the incidence of delirium.!** Benzodiazepine use may also 
be a risk factor for the development of delirium in adult ICU patients. !!’ 

Advanced age is considered to be a risk factor for delirium, because elderly 
patients are more likely to have multiple predisposing risk factors.!*!!9.!2!- 
123,132,134 Physiologic changes in the elderly may alter drug transport across the 
blood-brain barrier making them more vulnerable to central nervous system effects. 
The presence of at least one copy of the apolipoprotein e4 allele on chromosome 
19 increased the risk of postoperative delirium in elderly patients (OR 3.64, 95% 
CI 1.51-8.77).!°° The National Institute for Health and Care Excellence (NICE) 
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reported that the greatest risk for delirium was associated with chronic cognitive 
decline or dementia (OR 6.30, 95% CI 2.89—3.74) and aortic aneurysm surgery 
(OR 8.3, 95% CI 3.6-19.4).!*> In addition, there may be age-related changes in 
metabolism or elimination that lead to drug accumulation in the elderly.!!? As 
patients age, the number of concomitant medical conditions and medications 
generally increases. These factors, along with the potential for increased sensitivity 
to some psychoactive medications, may contribute to the increased incidence of 
drug-induced delirium in this age group. 


MORBIDITY AND MORTALITY 


Few data are available regarding morbidity and mortality specifically associated 
with drug-induced delirium. However, delirium in general is associated with higher 
rates of long-term care placement and increased mortality rates.!** Medical 
complications such as immobility, skin breakdown, falls, and aspiration pneumonia 
occur more commonly in patients with delirium.>!°° These additional medical 
problems lead to prolonged duration of hospitalization, an increased rate of 
functional decline necessitating institutionalization, and increased mortality.>>*!>” 
' Drug-induced delirium is an unfortunate event that leads to increased healthcare 
costs that are almost completely avoidable. !%2 

In the months to years after a delirium episode, patients are at risk for delayed 
recovery and poor functional status.!!4'43 Of 126 patients who were diagnosed 
with delirium in one study, 64% reported the same number of delirium symptoms 1 
week later, and 12% had a larger number of symptoms.'*? Patients with persistent 
delirium had lower activities of daily living scores than those who did not develop 
delirium. Another study of 77 elderly patients on medical, surgical, and geriatric 
hospital units indicated that frailty (OR 2, 95% CI 1.2—3.5) and poor recognition of 
delirium (OR 18.2, 95% CI 2.2—153.2) were associated with an increased risk of 
poor outcome including functional decline or death.!“4 

Other serious outcomes of delirium include persistent or worsening cognitive 
function and an increased risk of developing dementia.!'4 Rockwood and 
colleagues examined the risk of dementia and death over a 3-year period in 
previously hospitalized patients over the age of 65 years.!** After adjusting for age, 
sex, and comorbid illnesses, there was an increased risk of dementia after an 
episode of delirium (OR 5.97, 95% CI 1.83—19.54). Delirium was also associated 
with an increased risk of death (OR 1.71, 95% CI 1.02—1.87). Kelly and colleagues 
reported that 18% of elderly nursing home residents who were hospitalized for 
acute medical illness and developed delirium died during their inpatient stay. !4? Of 
those who were discharged, an additional 18.4% died within 1 month, and another 
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13.3% died within 3 months. The cumulative mortality in this study was 46.6% at 3 
months after hospital discharge. 


In a prospective cohort study of 243 patients with delirium and 118 controls, 
delirium was associated with a twofold increase in mortality during a 12-month 
period following hospitalization (HR 2.11, 95% CI 1.18-3.77).'* The 1-year 
mortality rate associated with delirium is 40-63%.!°*:!* It is likely that similar 
outcomes could be expected in patients with drug-induced delirium. 


Delirium was associated with an increased risk of in-hospital mortality (OR 
1.49, 95% CI 1.08—2.08) in 11,079 patients hospitalized in a referral coronary care 
unit. In addition, the 1-year mortality among patients with delirium who survived to 
be discharged from the coronary care unit was also increased (HR 1.46, 95% CI 
1,121.87). 


Delirium has been reported to be responsible for 49% of all hospital days for 
elderly patients and accounts for an estimated $38—152 billion in annual healthcare 
expenditures.!!°.'47 Daily costs were 2.5 times higher in delirium survivors 
compared to those who did not develop delirium ($461 + $570 versus $166 + 
$570, p <0.001). Prolonged hospital stays account for a portion of these costs, but 
expenses are compounded by the need for rehabilitation, long-term care, and home 
healthcare. !3.!47 


PREVENTION 


There are few studies regarding primary prevention of drug-induced delirium. 
However, methods of prevention of delirium in general may also be effective for 
prevention of drug-induced delirium (Table 15-7). A prospective, controlled trial 
was conducted in which standardized protocols were implemented for managing 
specific risk factors for delirium, such as cognitive impairment, sleep deprivation, 
immobility, visual and hearing impairments, and dehydration in a group of 
hospitalized patients. !°* Risk factor management in the treatment group reduced the 
incidence of delirium compared to that in the control (usual care) group (9.9% 
versus 15%, p = 0.02). Risk factor management was also associated with 
significantly fewer days of delirium and a smaller number of delirium episodes. 
Those in the risk factor management group that were most adherent to the 
prevention protocol carried a significantly lower risk of delirium (adjusted OR 
0.69, 95% CI 0.56-0.87).'4? These techniques for the prevention of delirium may 
also be applied to those at risk for the development of drug-induced delirium. 


Table 15-7 Approaches to Help Prevent Drug-Induced Delirium 


¢ Avoid anticholinergic, sedative/hypnotic, and opioid medications in the elderly 


132,148 
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¢ Obtain a careful medication history and perform periodic reviews of all drug therapy 

* Perform a brief mental status exam on acutely ill patients at admission to assist in the detection of drug- 
induced delirium 

¢ Avoid medications known to cause drug-induced delirum 


Antipsychotic agents have been used to prevent delirium in postoperative 
patients. Some studies found a decreased incidence of delirium associated with 
prophylactic antipsychotic administration while others did not.!°!>° Given the 
conflicting evidence, the use of prophylactic antipsychotic therapy to prevent 
delirium cannot be recommended.!>’ The prophylactic use of acetylcholinesterase 
inhibitors has also been studied in postoperative delirium patients, but this practice 
was found to be ineffective in preventing delirium and cannot be recommended.!°* 
161 


Melatonin has been evaluated for the prevention of postoperative delirium.!°~ 


Hanania and Kitain reported the first successful use of melatonin in a 
nondemented patient with a history of postsurgical delirium.!®* Sultan evaluated the 
incidence of delirium in a randomized controlled trial in 222 patients receiving hip 
arthroplasty. Melatonin 5 mg was administered at bedtime on the night before 
surgery, and another 5 mg was given 90 minutes prior to surgery. Melatonin 
prophylaxis was associated with a lower risk of delirium (10%) compared to that 
in the control group (33%).!°> Al-Aama and colleagues evaluated the use of low- 
dose melatonin in a randomized, double-blind, placebo-controlled trial of 145 
patients. Patients received melatonin 0.5 mg or placebo at bedtime for 14 days or 
until discharge. Patients receiving melatonin had a lower risk of delir1um (12% 
versus 31%, p = 0.014).'% 

Ramelteon, a synthetic analog of melatonin and a melatonin (MT)1 and MT2 
receptor agonist, has also been evaluated for the prevention of delirium.!® Hatta 
and colleagues conducted a multicenter trial in 67 elderly hospitalized patients who 
were randomized to receive ramelteon 8 mg or placebo at bedtime for 7 days. 
Ramelteon was associated with a lower risk of delirium (3%) compared to placebo 
(32%). !® 

Nursing staff on an orthopedic unit were educated regarding the appropriate use 
of pharmacological and nonpharmacological interventions to prevent and treat 
delirium.!°° Suggestions regarding medication use included avoiding or minimizing 
the use of routine anticholinergics to prevent/treat nausea, prescribing morphine in 
the lowest doses for the shortest possible duration after surgery, and using 
antipsychotic agents for management of psychotic symptoms of delirium. 
Medication use was evaluated in the 6 months prior to and after the education 
session. There was a significant decrease in the use of anticholinergic medications, 
but the use of opioids and antipsychotics did not change significantly. Data 


164 
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regarding the rates of delirium were incomplete. Effective treatment of pain with 
opioids led to a reduced risk of development of delirium (OR 0.4, 95% CI 0.2— 
0:7). 


A large randomized controlled trial of a computerized system to identify 
medications that may contribute to delirium risk and trigger a pharmacist review of 
patients’ medication regimen reported a decrease in delirium incidence (12-month 
HR 0.42, 95% CI 0.34-0.51) but no significant reduction in falls, hospital 
admission rate, or mortality. !°’ 


Because delirium is likely the result of multiple issues, including drugs, 
management of nondrug risk factors is important for the prevention of drug-induced 
delirium. Wherever possible, anticholinergic, hypnotic/sedative, and opioid 
medications should be avoided in elderly patients.° A careful medication history 
should be obtained from patients at risk and periodic reviews of all drug therapy 
should be performed. All elderly patients who present with an acute illness should 
be screened for the presence of drug-induced delirium. 


MANAGEMENT 


Principles of management of drug-induced delirium are presented in Table 15-8. 
Management of drug-induced delirium requires that clinicians recognize the 
presence of delirium and consider that it may be caused by drugs.*° This can be 
extremely difficult, particularly in intubated patients in the ICU or those with 
underlying dementia.'°*!©° The most critical step in the diagnosis is a careful 
medication history. Clinicians must carefully consider any new medications, 
including nonprescription and herbal and complementary medicines that the patient 
is taking, and the time to onset of signs and symptoms. Other steps in diagnosis 
include a physical examination and a toxicology screen, which may help in 
identifying the drug(s) involved. Determination of serum concentrations of 
suspected drugs may be helpful; however, some agents may cause drug-induced 
delirium even at therapeutic concentrations.*° When a particular medication is 
determined to be the causative agent, therapy should be discontinued or the dose 
should be reduced whenever possible.'*! A drug that is less likely to cause 
delirium should be substituted if possible.” 


Table 15-8 Management of Drug-Induced Delirium 


* Identify the causative agent 
o Medication history 
o Physical examination 
o Plasma concentrations 
o Toxicology screen 
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¢ Discontinue or reduce the dose of the causative agent; substitute with another drug that does not cause 
delirium if possible 
* Identify and eliminate any other contributors of the drug-induced delirium 
* Use a specific antidote (e.g. flumazenil, naloxone) if available 
¢ Use nonpharmacological methods 
o Provide support and orientation 
o Provide an unambiguous environment 
o Maintain competency 
¢ Use drug therapy 
o Atypical antipsychotics 
o Benzodiazepines 
o Haloperidol 
o Melatonin agonists 


Management of drug-induced delirium should include supporting and 
maintaining basic vital functions, including adequate oxygenation, hydration, 
nutrition, and body temperature. Specific pharmacological and/or physiological 
precipitants should be identified and discontinued/reversed whenever possible. 
After treatment is initiated, careful monitoring for signs and symptoms of recovery 
as well as for treatment-associated adverse effects 1s important. Any medications 
used in the treatment of drug-induced delirium should be tapered to discontinuation 
as soon as possible after recovery to minimize risk of further complications. !7! 
Care should be taken to prevent dehydration, falls, decubitus ulcers, and aspiration 
during management of these patients.!°! 

Management of drug-induced delirium can include both pharmacological and 
nonpharmacological treatments.° Basic nonpharmacological interventions should 
always be initiated first because of the ease with which they can be implemented 
and their proven efficacy.'*? Nonpharmacological approaches to managing delirium 
include ensuring that patients have their eyeglasses, hearing aids, and dentures, 
arranging all treatments to be completed during the daytime to permit the maximum 
amount of sleep at night, reducing nighttime noise, placing familiar objects from 
home in the room, ensuring clear and concise communications, and encouraging 
patients to participate in their care and perform their own activities of daily living. 
The use of physical restraints should be avoided unless patients are likely to harm 
themselves or others, as deaths have been reported in association with their 
use.”>:!7° Constant staff observation in a specialized delirium unit or observation 
by a sitter or family member is preferable to physical restraint.!°’ Often, 
discontinuation of the causative agent alone is not sufficient, and drug therapy must 
be used to control symptoms of agitation and psychosis after nonpharmacological 
measures have been implemented.®!7! 


Psychotropic agents, typical and atypical antipsychotics, and benzodiazepines 
are the most frequently prescribed classes of medication for the management of 
delirium. Guidelines from the American Psychiatric Association and NICE 
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recommend psychotropic agents as adjunctive therapy.”!° However, these drugs 


have also been linked to the development of delirium.!°> There are no medications 
that are approved by the U.S. Food and Drug Administration for the management of 
drug-induced delirium. Psychotropic agents should be considered after 
nonpharmacological measures have been implemented, suspected offending drug(s) 
have been discontinued, and when control of severe agitation is required for the 
patient’s safety or for the safety of others. 


Various medications have been utilized for the management of patients with 
nondrug-induced delirium. However, there is a paucity of evidence supporting the 
use of medications for the management of drug-induced delirium except where 
specific antidotes are available (such as naloxone). It seems reasonable, therefore, 
to discuss literature pertaining to nondrug-induced delirium in this section. 

Benzodiazepines may be considered for the treatment of drug-induced delirium, 
particularly in hyperactive or agitated patients.!’* However, there is little evidence 
to support the use of benzodiazepines as monotherapy. One study comparing 
haloperidol, chlorpromazine, and lorazepam in patients with acquired immune 
deficiency syndrome and delirium reported that lorazepam was less effective than 
either antipsychotic drug.'®* It is appropriate to initiate benzodiazepine therapy in 
cases of delirium associated with alcohol or sedative withdrawal or in 
combination with an antipsychotic agent such as haloperidol when a patient cannot 
tolerate increases in antipsychotic doses. 

Lorazepam is the most commonly used benzodiazepine in patients with delirium 
because of its rapid onset of action, short half-life, and availability in various 
dosage forms.'’! This drug is relatively safe for use in patients with hepatic 
dysfunction, as it has no active metabolites.'”* Lorazepam can be administered 
orally, intramuscularly (IM), or intravenously (IV) in doses ranging from 0.5 to 2 
mg.!°? The dose can be repeated or doubled every 30-60 minutes, depending on the 
degree of agitation and sedation. Diazepam is recommended as an alternative to 
physostigmine in patients with anticholinergic toxicity because of its longer 
duration of action and more favorable adverse effect profile.© Haloperidol and 
phenothiazines should be avoided in this situation. 

When benzodiazepines are administered parenterally, they may cause 
respiratory depression and arrhythmias, and therefore cardiopulmonary function 
must be monitored.!’! There is also the potential for the occurrence of a 
paradoxical reaction, in which the patient becomes more agitated with continued 
benzodiazepine administration. Paradoxical reactions tend to occur more often in 
the elderly, in those with liver dysfunction, and in patients with low plasma 
albumin concentrations. Caution should be exercised when using benzodiazepines 
as they may worsen delirium and cause excessive sedation in some patients.!” 
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In a small case series, melatonin 2 mg was administered to two postoperative 
patients for 3-4 nights. One patient received melatonin for the prevention of 
delirium and the other for treatment of delirium. In both cases, melatonin effectively 
reduced the severity of delirium symptoms or prevented delirium. No adverse 


events were reported.!©! Ramelteon has also been reported to be effective for 


management of a case of hypoactive delirium. !”4 


Haloperidol is the most widely used antipsychotic medication for the 
symptomatic management of delirium, despite few prospective studies of its 
effectiveness for agitation and hallucinations in this setting. Haloperidol offers 
several advantages over the low-potency antipsychotics, including a relative 
absence of anticholinergic activity, alpha adrenergic blockade, and sedation.®!”” In 
nonelderly patients, oral haloperidol doses of 2 mg may be administered for mild 
agitation, 5 mg for moderate agitation, and 10 mg for severe agitation.!” In elderly 
patients, recommended oral haloperidol doses are 0.5 mg for mild agitation, 1 mg 
for moderate agitation, and 2 mg for severe agitation.'”° Response may occur 
within 30-60 minutes. The dose may be repeated every 30—60 minutes until the 
patient is sedated or calm. In some cases, the dose may be doubled until the 
agitation is controlled. Haloperidol therapy can be continued on a tapering 
schedule for 3—5 days.'” The goal is to use the lowest possible haloperidol dose 
for the shortest possible duration. 

In cases in which agitation is severe, the patient is at serious risk of self-injury 
or is unable or unwilling to take medications orally, haloperidol may be 
administered IM or IV.'”! Doses vary greatly, from as low as 0.25 mg IM or as high 
as 10 mg in a single IV dose. A continuous IV infusion of haloperidol may be 
administered at rates ranging from 2-10 mg/hr.'”’ IV administration of haloperidol 
has been shown to produce a lower incidence of extrapyramidal adverse effects, 
presumably due to lower concentrations of the pyridinium metabolite; however, IV 
haloperidol is associated with a risk of prolongation of the corrected QT (QTc) 
interval and, in some cases, torsades de pointes.!7!:!78 The maximum daily IV dose 
should be limited to <35 mg.!”? Patients receiving treatment with IV haloperidol 
should undergo a baseline electrocardiogram for determination of the heart rate— 
corrected QT (QTc) interval. Prolongation of the QTc interval to >0.45 seconds or 
more than 25% above baseline is cause for concern, and the relative risks and 
benefits of continued therapy must be carefully considered. 

The use of high-dose haloperidol for the treatment of delirium is not without 
controversy. Dopamine D, receptor blockade in the mesolimbic region is believed 
to be the primary mechanism of action; a threshold of 60% of D, receptor blockade 
is necessary for antipsychotic effects. Some argue that very high doses of 
haloperidol are unlikely to be more effective than lower doses, because 53-85% of 
D, receptors are occupied by haloperidol at doses of 2-20 mg/day.'*° Therefore, 


608 


large doses should offer no additional benefit, with the potential for a higher 
incidence of adverse effects. In fact, there are numerous reports of extrapyramidal 
symptoms (EPS) including pseudoparkinsonism, acute or tardive dystonia, 
dyskinesias, and akathisia associated with high-dose IV haloperidol or withdrawal 
from haloperidol therapy.'®!!°* Worsening symptoms may be the result of EPS, 
especially akathisia, which often goes unrecognized and is sometimes 
inappropriately managed by increasing haloperidol doses. 


Some clinicians prefer to use droperidol in the critical care setting, as it is a 
more potent, rapid-acting antipsychotic that is more sedating than haloperidol and 
may be associated with a lower incidence of extrapyramidal effects.!°? Bolus IV 
injections of droperidol have been associated with hypotension, tachycardia, and 
torsades de pointes.!®? Baseline QTc interval assessment and cardiac monitoring 
are necessary when administering high doses of droperidol as prolongation of the 
QTc interval and torsades de pointes can occur. This drug should be reserved for 
use only in the ICU setting, where patients are closely monitored and resuscitation 
equipment is immediately available. 


A psychiatric consultation service’s experience with the use of thiothixene for 
treatment of delirtum was reviewed in a case series. Hospital records were 
reviewed over a 32-month period to assess response and adverse effects. 
Resolution or improvement of delirium was documented in 78% of patients and 
tolerability was documented in 82% of patients. !®4 


Newer antipsychotic agents including aripiprazole, olanzapine, quetiapine, 
risperidone, and ziprasidone have been reported to be effective for the management 
of delirium. The use of aripiprazole for the management of delirium was reported 
in a small case series of two patients.!®> One patient’s MMSE score improved from 
5 to 28, while his DRS score decreased from 28 to 6. The second patient’s MMSE 
score improved from 7 to 27 while her DRS score decreased from 18 to 6. In 
another series, 12 of 14 patients with delirium treated with aripiprazole 
demonstrated a greater than 50% reduction in the DRS score, while 13 showed 
improvement on the Clinical Global Impressions (CGI) scale scores.!*° There was 
a low incidence of adverse effects. Aripiprazole (mean daily dose 18.3 mg) was 
also evaluated in 21 hospitalized patients with cancer to determine response based 
on delirium subtypes. Patients with hypoactive delirium had a 100% resolution rate 
compared to 58% in patients with hyperactive delirium. No clinically significant 
side effects were noted.!*’ Patients who received aripiprazole for the treatment of 
delirium (7 = 21) were compared to 21 case-matched patients treated with 
haloperidol. The overall delirium resolution rates were similar in the two groups. 
In patients with hypoactive delirium, the resolution rates were 100% in the 
aripiprazole group and 78% in patients receiving haloperidol. For patients with 
hyperactive delirium, the resolution rates in the aripiprazole and haloperidol 
groups were 58% and 75%, respectively. !°8 
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Olanzapine has been reported to be effective for delirium in several clinical 
trials. One study enrolled medically ill patients (mean age = 46 years).!®? The mean 
maximum dose of olanzapine was 8.8 mg/day and the mean time to response was 
3.8 days. In another study, patients with cancer (mean age = 61 years) were 
enrolled.!°? The mean maximum dose was only 6.3 mg/day. Approximately 76% of 
patients responded within 4—7 days; however, patients >70 years of age had a 
lower response rate of 42%. Sipahimalani and Masand conducted a retrospective 
medical record review of 22 mixed medical-surgical patients.'?! Five of 11 
patients treated with olanzapine (mean dose 8.2 mg daily) showed a significant 
improvement in their DRS score compared to 6 of 11 patients treated with 
haloperidol. In a prospective, randomized, single-blind study, the efficacy of 
therapy with olanzapine (n = 28) was compared with that of haloperidol (7 = 45) in 
a mixed group of critically ill medical-surgical patients.!°* Delirium index scores 
improved similarly in both groups, and the need for rescue therapy did not differ 
between groups. Six patients receiving haloperidol experienced mild EPS 
compared with none in the olanzapine group. Elsayem and colleagues conducted a 
prospective unblinded study to evaluate the effectiveness of subcutaneous 
olanzapine for the management of hyperactive or mixed delirium in 24 patients with 
advanced cancer. Patients received olanzapine 5 mg or 10 mg subcutaneously every 
8 hours for 3 days. Efficacy was observed in 9 of 24 (37.5%) of patients. No 
injection site reactions were reported, but adverse effects (hypotension, agitation, 
diabetes insipidus, and seizures) were observed in four patients.!?> 

Several case reports indicate that quetiapine may be a reasonable option for 
management of delirium.!°*!° Sasaki et al. reported the effect of quetiapine 
therapy in 12 patients with delirium of multiple etiologies.!”’ Patients were treated 
for an average of 4.8 days + 3.5 days with a flexible dose of quetiapine (mean 
maximum dose was 63.5 mg/day). Delirium rating scale scores improved 
significantly, and no patient experienced significant adverse events. In a 
retrospective review of the medical records of 22 mixed medical-surgical patients, 
quetiapine (median dose = 211 mg daily) was as effective as haloperidol in 
improving DRS score by more than 50% from baseline.!°? One patient receiving 
quetiapine experienced mild-to-moderate sedation and two patients receiving 
haloperidol developed EPS. In another study, the efficacy of therapy with 
quetiapine at doses of 25—100 mg daily for 7 days was assessed in 22 patients with 
delirium.!°? The DRS and CGI scores on days 2—7 were significantly lower than 
those on day 0. Two patients (9.1%) developed mild tremor. Tahir and colleagues 
conducted a randomized, double-blind, placebo-controlled trial evaluating the 
effectiveness of quetiapine in 42 patients with delirium. The primary outcome 
measure was the DRS Revised 98 (DRS-R-98). No differences at individual time 
points (day 3 and day 10) were statistically significant.2°? Devlin and colleagues 
conducted a multicenter, prospective, randomized, double-blind, placebo- 
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controlled study to evaluate the efficacy of quetiapine 50 mg every 12 hours for 
management of delirium in 36 critically ill patients. Patients who received 
quetiapine spent less time in delirium compared to those in the placebo group (36 
hours versus 120 hours, p = 0.006) and less time agitated (6 hours versus 36 hours, 
p = 0.02). Mortality and length of ICU stay were similar between the groups.7”! 
Quetiapine was compared to haloperidol in a prospective, double-blind, 
randomized controlled trial of 52 medically ill patients with delirium. Patients 
were randomized to receive quetiapine 25—100 mg/day (m = 24) or haloperidol 
0.5—2 mg/day (n = 28). The mean change in DRS-R-98 score for quetiapine (—22.9) 
was not significantly different from that in patients receiving haloperidol (—21.7; p 
= 0.59),202 

Risperidone at mean doses of 0.75—1.7 mg daily has been reported to be 
effective for the management of delirium.7°°?" In an unblinded study, 64 medically 
ill hospitalized patients with delirium received oral risperidone in daily doses of 
1.85—2.97 mg (mean daily dose 2.6 mg + 3.3 mg).?°° Risperidone was effective in 
58 of 64 patients and significantly improved all symptoms measured by DRS, 
Positive and Negative Syndrome Scale, MMSE, and CGI during a period of 7 days. 
The comparative efficacy of risperidone and haloperidol for treatment of delirium 
was assessed in a prospective, randomized, double-blind study of acutely ill 
inpatients.2°° The MDAS improved significantly in both groups at 7 days; there was 
no significant difference in efficacy between the groups. In another study, the 
relationship between response and genetic polymorphisms in the dopamine 
transporter was studied in 42 patients treated with either haloperidol or risperidone 
for management of delirium.2°’ There was no difference in efficacy between the 
groups, indicating that dopamine transporter polymorphisms did not significantly 
influence the effects of the antipsychotics. In a randomized, double-blind study of 
126 patients undergoing cardiac surgery with cardiopulmonary bypass, patients 
were randomly assigned to receive risperidone 1 mg or placebo sublingually.!*? 
The incidence of postoperative delirium was significantly lower in the risperidone 
group. Miyaji et al. compared the adverse effects of risperidone with those of 
haloperidol in a retrospective study of 266 Japanese inpatients treated for delirium; 
the incidence of adverse effects was significantly lower in risperidone-treated 
patients.2°8 Kim and colleagues conducted a randomized, comparative clinical trial 
of risperidone and olanzapine in 32 patients with delirium. The mean initial dose 
and the mean last dose in the risperidone group were 0.6 mg and 0.9 mg, 
respectively, and 1.8 mg and 2.4 mg, respectively, in the olanzapine group. The 
primary outcome measure was the DRS-R-98. There was no significant difference 
in response rate (©50% reduction from baseline in the DRS-R-98 score) between 
the risperidone and olanzapine groups (64.7%, 73.3%; p = 0.71).2 Kishi and 
colleagues evaluated the use of risperidone (mean dose 1.4 mg/day) in 29 patients 
with cancer and delirium. DRS-R-98 scores improved in 23 of 29 (79%) patients, 
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showed no change in 4 of 29 (14%), and worsened in 2 of 29 (7%). The response 
rate (defined as a 25% reduction in DRS-R-98 score) was achieved in 14 of 29 


(48%) of risperidone-treated patients.7!° 


Ziprasidone has also been used for the treatment of delirium.*!!7!? This drug is 
associated with a low risk of sedation and EPS. In a case report in which 
ziprasidone was administered for delirium, the drug was effective; however, the 
patient exhibited QTc interval prolongation requiring drug discontinuation.7!! 
Girard and colleagues conducted a multicenter, randomized, double-blind, placebo- 
controlled trial in 101 mechanically ventilated ICU patients. Patients were 
randomized to receive haloperidol, ziprasidone, or placebo every 6 hours for up to 
14 days. The primary outcome was the number of days patients were alive without 
delirium or coma. Patients in the haloperidol group spent a similar number of days 
alive without delirium or coma (median interquartile range 14 days) as the patients 
in the ziprasidone (15) and placebo groups (12.5; p = 0.66).7)° 

Overall, haloperidol and atypical antipsychotics appear to be equally 
efficacious for the treatment of delirium in acutely ill hospitalized patients.2!+?!? 
However, this statement must be tempered by the fact that large randomized 
placebo-controlled trials supporting the efficacy of these agents for the treatment of 
delirium are lacking. In addition, all antipsychotic agents include a boxed warning 
in their labeling regarding an increased risk of mortality in elderly patients treated 
for dementia-related psychosis. Clinicians should weigh the benefits and risks 
associated with antipsychotic drug therapy prior to prescribing these agents for the 
management of drug-induced delirium.?”° Further studies are required to determine 
the role of antipsychotics in the management of delirium. 


Pharmacological strategies for management of drug-induced delirium should be 
implemented after nonpharmacological measures have been attempted, suspected 
offending drug(s) have been discontinued, when control of severe agitation is 
required for the patient’s safety or for the safety of others, and when psychosis is 
present. 


INFORMATION FOR PATIENTS 


Patients taking medications implicated in causing delirium and their caregivers 
should be instructed to be vigilant for early signs and symptoms of the disorder. In 
addition, they should be taught about available nonpharmacological treatment 
approaches and instructed to implement these measures should the patient develop 
signs or symptoms.® Early recognition and intervention may prevent or ameliorate 
this disabling condition. 
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CHAPTER 16 


Sleep Disorders 


Lisa L. Forsyth 


Sleep is essential, comprising approximately one third of life.! Drug-induced sleep 
disorders, such as insomnia, may be reported as difficulty falling asleep, not feeling 
rested despite adequate time to sleep, and/or daytime sleepiness. Although sleep 
disturbances may be caused by a variety of medical or psychiatric conditions, drugs 
always must be carefully considered as a potential cause of these symptoms. 


CAUSATIVE AGENTS 


Drugs that affect the central nervous system may cause altered patterns of sleep and 
wakefulness. These effects may be present immediately upon initiation of therapy 
or following withdrawal of therapy. In addition, drugs may exacerbate primary 
sleep disorders. Drugs that are reported to cause sleep disorders are listed in Table 
16-1.7-° 


EPIDEMIOLOGY 
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Insomnia is reported in approximately one third of adults in the United States and 1s 
considered to be a serious problem in about 50% of those afflicted.°!°> The 
overall incidence of drug-induced sleep disturbances in the general population is 
not known, but individual agents are associated with incidences ranging from 1% to 
55% (Table 16-1). 


MECHANISMS 


Humans, along with most mammals, undergo two phases of sleep: rapid eye 
movement (REM) and nonrapid eye movement sleep (NREM).° NREM sleep is 
subdivided into stages 1 through 4. A full cycle of NREM and REM sleep requires 
approximately 90 minutes; and this cycle is repeated approximately four to six 
times throughout the night. Researchers do not yet fully understand all the functions 
of REM and NREM sleep and their relationship to the symptoms of sleep 
disturbance. Elderly individuals experience alterations in sleep patterns manifested 
typically as decreases in REM, stages 3 and 4 of NREM, and total sleep time. 
These changes have been found to correspond to added awakenings and total time 
spent awake at night. ° 

Several neurotransmitters are responsible for the sleep cycle.©’ The 


neurochemistry responsible for sleepiness and wakefulness has not been fully 
elucidated, and it is unknown whether one or more neurotransmitters 1s responsible 
for sleeping or awakening.”? A primary function of norepinephrine-containing 
neurons is to regulate the sleep pattern. Wakefulness is believed to be mediated by 
norepinephrine, dopamine, acetylcholine, and serotonin.’! Hypocretin (orexin) is a 
neuropeptide secreted by the hypothalamus and believed to promote sleep.® 
Melatonin is secreted by the pineal gland in conjunction with dark-light cycles and 
may promote sleep. 


Table 16-1 Agents Implicated in Drug-Induced Sleep Disorders 


Drug Incidence Level of Evidence* 


a, AGONISTS>*° a iene 
Clonidine Sedation, nightmares 
Methyldopa Insomnia, sedation, nightmares 
ANTICONVULSANTS7-12 


Carbamazepine 
Felbamate 


Lamotrigine 





Phenytoin 
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ANTIPARKINSONIAN AGENTS13-19 


Amantadine 14% 
Entacapone 30% 
Levodopa—carbidopa 75% 
Pergolide, bromocriptine 42% 
Selegiline 10-32% 
Trihexyphenidyl, benztropine NK 


WlO}] WwW) Wi wm) ww 


6-BLOCKERS> 0-22 2-4.3% 
(lipophilic: propranolol, timolol) 





B-BLOCKERS WITH o- B 
BLOCKING ACTIVITY2>>74 
Carvedilol 3-11% 
MAO INHIBITORS40 
Phenelzine, tranylcypromine NK, daytime sleepiness B 
SNRIs 
Desvenlafaxine41 6-15% 
Duloxetine42,43 12.6% 
Venlafaxine25,44-47 Insomnia 8% 
Sedation 13-31% 
SSRIs 
Fluoxetine25,48-51 Insomnia 5—19% B 
Daytime sedation 5—18% 
Fluvoxamine25,49,52 Insomnia 10-15% B 
Daytime sedation 14-26% 
Paroxetine25,49,5 1,53,54 Insomnia 8—-14% B 
Daytime sedation 2—21% 
Sertraline25,48 Insomnia 7—16% B 
Daytime sedation 7—13% 
STATINS 
Atorvastatin56 
Lovastatin57,58 
MISCELLANEOUS 
Alcohol2 
Bupropion 


(Naltrexone—bupropion)25,26 





Corticosteroids27-38 
Locaserin39 


Stimulants30,59,60 (e.g., 


caffeine, cocaine, 
methylphenidate, theophylline) 





MAO = monoamine oxidase, NK = not known, SNRI = serotonin-norepinephrine reuptake inhibitor, SSRI = 
selective serotonin reuptake inhibitor. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


There are three primary mechanisms of drug-induced sleep disturbances (Table 
16-2).’"-” First, the desired effects of a drug may affect the neurotransmitters or 
receptor sites responsible for sleepiness. Second, the sedative effects of drugs used 
to treat insomnia may carry over into the daytime hours. Third, withdrawal of 
therapy may produce a sleep disturbance. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Patients suffering from sleep disturbance often report an inability to fall asleep, to 
maintain sleep, or both, or of not feeling rested after having time to sleep.’*”’> Often 
these complaints are followed by daytime sleepiness and an inability to 
concentrate. The common signs and symptoms of sleep disorders are listed in Table 
16-3. A number of medical and psychiatric conditions (Table 16-4) are known to 
affect sleep, and these must be considered when evaluating a patient for a possible 
drug-induced sleep disorder.’3’* Polysomnography (PSG) is an assessment of 
electrophysiologic parameters during sleep and includes an electroencephalogram, 
electrooculogram, and electromyelogram.’* Other measures of sleep include sleep 
latency (time to fall asleep), REM latency (time to first REM sleep), number of 
awakenings, and the number of stage shifts during sleep.°>”4 

The effects of drugs on sleep are often identified and characterized based on 
subjective data, PSG measures, objective evidence of sleepiness and alertness 
from a Multiple Sleep Latency Test (MSLT), wrist actigraphy, and/or by objective 
performance data.®? The MSLT measures the time to fall asleep in order to 
evaluate excessive daytime sleepiness. Wrist actigraphy determines the sleep time 
by measuring wrist movements. Evidence of sleep disturbance on the PSG does not 
always correlate with patients’ subjective complaints.’~”* Bupropion and 
venlafaxine have been reported to induce insomnia in as little as 4 days and up to 4 
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weeks, respectively, following initiation of therapy.’> The time of onset of 
insomnia associated with the other agents listed in Table 16-1 is highly variable. 


Patient assessment should begin with a medication history and _ physical 
examination. Further psychiatric assessment should be undertaken if indicated. 
When a drug-induced sleep disorder is suspected, patients should be questioned 
regarding the use of medications known to affect neurotransmitters, the frequency 
and timing of drug administration, and any history of recent discontinuation of 


medication.’ The utility of sleep studies in the diagnosis and characterization of 


drug-induced sleep disturbance has not been determined. 


Table 16-2 Mechanisms of Drug-Induced Sleep Disorders 


Drug 
Alcohol2-4 


o ) agonists5,6 

Antiparkinson agents 13-19 
B-blockers5,20-22 

B-blockers with a-blocking activity23,24 
Bupropion25,26 

Corticosteroids27-38 

MAO inhibitors40 

SNRISs25,41-47 

SSRIs25,43,48-54 


Statins 56-58 


Stimulants30,59,60 


Mechanism (neurotransmitter/PSG 
data) 


Mechanism unknown, occurs upon withdrawal 

TW, [TST 

a receptor agonism 

No PSG studies available 

Effect on various neurotransmitters specific to each drug 
TW, [TST 

B-adrenergic inhibitor, lipophilic agents 

TW, J TST, TS1, [REM 

B- and a-antagonism 

No PSG studies available 


DA uptake inhibition 
Minimal PSG data 


Mechanism unknown 

TW, 182, [REM 

Inhibits MAO enzyme that degrades NE, 5-HT, DA 
|REM, tW, |TST 

5-HT, NE uptake inhibition, weak affects on DA uptake; 
TW, | TST 

5-HT uptake inhibition 

In general TW, | TST 


Mechanism unknown 
Minimal PSG data, TW observed 


Release of various neurotransmitters 
TW, [TST 





5-HT = 5-hydroxytryptamine (serotonin), DA = dopamine agonists, MAO = monoamine oxidase, NE = 
norepinephrine, PSG = polysomnography, REM = rapid eye movement, SNRI = serotonin-norepinephrine 
reuptake inhibitor, SSRI = selective serotonin reuptake inhibitor, S1 = stage 1 sleep, S2 = stage 2 sleep, TST = 


total sleep time, W = wakefulness. 
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Table 16-3 Signs and Symptoms Associated with Drug-Induced 





Sleep-Disorders/#+7* 


Inability to fall asleep 
* Inability to maintain sleep 
* Not feeling rested following adequate sleep duration 
* Excessive daytime sleepiness 
* Poor cognitive performance 
* Lack of concentration 


RISK FACTORS 


Specific risk factors for drug-induced sleep disorders have not been definitively 
elucidated. Older age (beginning in middle-aged adults) and female sex are known 
risk factors for insomnia, but it is not known if they also are risk factors for drug- 
induced sleep disorders. Most studies that have attempted to evaluate drug effects 
on sleep have been conducted in healthy individuals, primarily men, who may 
respond differently than patients with disease.“ In addition, the treatment 
population may already have sleep disturbances or impaired daytime performance 
prior to the initiation of drug therapy. Both age and drug dose contribute to the 
frequency of sleep disturbances associated with B-blockers.™ Potential risk factors 
for drug-induced sleep disorders are listed in Table 16-5. 


Table 16-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Sleep Disorders ’>>/4 


Medical 


Neurologic 

¢ Delirium 

* Epilepsy 

¢ Parkinson disease 
Respiratory 


* Asthma 
* Obstructive sleep apnea 


Cardiovascular 


¢ Arrhythmias 
¢ Heart failure 


Gastrointestinal 


* Gastroesophageal reflux 
* Peptic ulcer disease 
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Endocrine 

* Diabetes mellitus 
¢ Hyperthyroidism 
Chronic pain 
Pregnancy 


Psychiatric 
Mood Disorders 


* Depression 
° Mania 


Anxiety Disorders 


* Generalized anxiety disorder 
* Obsessive-compulsive disorder 
* Panic 


Situational 


* Work or financial 

¢ Interpersonal conflict 
* Major life events 

° Jet lag 

° Shift work 





¢ Female sex 


* Older age 
* Concomitant therapy with >2 agents with central nervous system effects 
¢ Drug interaction 


In addition to directly causing sleep disturbances, drugs may exacerbate 
symptoms and increase the risk of primary sleep disorders. One example is 
obstructive sleep apnea, which is characterized by loud snoring and gasping or 
apneic episodes during sleep. Patients with sleep apnea typically experience 
excessive daytime sleepiness and poor performance. A patient’s apneic episodes 
may worsen in association with the use of sedative/hypnotic agents, and daytime 
symptoms may become more severe.*”” In addition, the menopausal symptom of 
“hot flashes” during nighttime hours has been reported as a cause of insomnia 
following the discontinuation of hormone-replacement therapy. 


MORBIDITY AND MORTALITY 
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Sleep disorders may impair quality of life beyond excessive daytime sleepiness. It 
has been reported that those who suffer insomnia receive fewer career promotions, 
demonstrate poor productivity, and have a higher rate of absenteeism’ In 
addition to poor performance during the daytime hours at work, there is an 
increased risk of motor vehicle accidents reported in individuals experiencing 
insomnia. Nearly 70 million Americans suffer from a sleep disorder, which may 
have negative consequences on their overall health and well-being.”° The total cost 


of insomnia in 2011 was estimated at nearly $63 billion.’ It is difficult to quantify 
the financial burden of insomnia because patients often have other comorbidities 
that contribute to the expenses.’° Healthcare costs are up to 60% higher in patients 
with insomnia. ’” 

Obstructive sleep apnea has been associated with hypertension, the primary 
mechanism of which is sympathetic hyperactivity. ’* In addition, sleep deprivation 
experienced for one night has been linked to hypertension in the ambulatory care 
setting. 78° 

Decreased sleep duration may impair glucose tolerance and insulin 
sensitivity.®!-*4 Insulin resistance, like hypertension, may be linked to the increased 
sympathetic outflow associated with reduced sleep duration. One investigation that 
spanned 10 years suggested that sleep duration of 5 hours or less may be a 
significant risk factor for the development of diabetes.®! Currently, there are no data 
regarding the incidence of morbidity or mortality directly associated with drug- 
induced sleep disorders. 





PREVENTION 


Prevention of drug-induced sleep disorders requires a better understanding of the 
basic functions and different stages of sleep. Basic and clinical research 1s 
necessary to allow clinicians to anticipate possible sleep disturbances based on the 
pharmacological properties of specific drugs. Nonpharmacological measures to 
improve sleep hygiene (Table 16-6) are useful and have been shown to improve 


sleep patterns in 70-80% of patients.°° 








Table 16-6 Approaches to Help Prevent Drug-Induced Sleep 


Disorders®>»8> 





Sleep hygiene 


¢ Establish a regular bedtime and wake up time including weekends 
¢ Sleep only as much as necessary 
* Go to bed only when sleepy, using the bed only for sleep and intimacy 
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¢ Avoid long periods of wakefulness while in bed 

* Avoid trying to force sleep; after 30 mmutes, leave the bed to do something relaxing (watch television, listen 
to music, or read) 

¢ Avoid daytime naps 

* Do not take your worries to bed 

¢ Exercise regularly (three to four times weekly); however, exercising near bedtime may cause arousal 

* Create comfortable sleeping environment (steady temperature, lack of light source) 

* Reduce or discontinue the use of alcohol, caffeine, or nicotine 

¢ Avoid hunger or fullness at bedtime 

* Avoid drinking large amounts of liquids in the evening to prevent trips to the restroom at night 

¢ Engage ina relaxing or enjoyable activity before bedtime 


Pharmacologic approach 


¢ Discontinue agents with potential to cause drug-induced sleep disturbances when possible 
* If unable to discontinue potentially causative agents: 

o Change time of administration to earlier in the day 

o Reduce dose to decrease symptoms (e.g., selegiline) 


MANAGEMENT 


As sleep disturbances may affect all aspects of an individual’s life, all symptoms 
should be investigated carefully. Management of drug-induced sleep disorders 
requires a thorough understanding of the pharmacology, especially the 
neurotransmitter activity, of each of the patient’s medications. It also is important to 
consider drug combinations with possible additive central nervous system effects 
and drug interactions that may potentiate drug effects by altering pharmacokinetics 
or pharmacodynamics. The first step in management involves discontinuation of 
agents with potential to cause drug-induced sleep disorders (Table 16-1 and 16-6). 
The time frame for resolution of symptoms following drug discontinuation is a 
function of the agent’s half-life. 


In some cases, such as in patients with seizure disorders, discontinuation of the 
potentially causative agent is not possible and alternative measures are required. 
Changing the time of drug administration to earlier in the day may help reduce 
symptoms for some patients. With some drugs (e.g., selegiline) symptoms are 
reported most often in association with higher doses, and dose reduction may be 
helpful. 

It is reasonable to employ drug therapy for insomnia when all other measures to 
resolve a drug-induced sleep disorder have failed. For insomnia requiring short- 
term treatment, there is no difference in efficacy between benzodiazepines, 
antidepressants, or sedative-hypnotic agents.’+*>*° Patients with difficulty falling 
asleep or with excessive daytime sleepiness may benefit from therapy with a short- 
acting benzodiazepine such as triazolam or a hypnotic agent such as zolpidem, 
zaleplon, or eszopiclone.*©***’ Patients who are unable to maintain sleep or have 
trouble awakening may benefit from therapy with an _ intermediate-acting 
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benzodiazepine such as estazolam or temazepam. The long-acting benzodiazepines 
(flurazepam and quazepam) may be helpful when there is daytime anxiety in 
addition to sleep disturbance. There is no rationale, however, for the concomitant 
use of two benzodiazepines for the treatment of insomnia and anxiety. In all cases, 
the lowest effective dose should be administered for the shortest possible period of 
time. Tolerance can develop in as little as 2 weeks with continuous use of some 
benzodiazepines.’> One strategy used to help prevent tolerance involves the 
administration of benzodiazepines for only 3—4 days per week rather than daily. 


Two medications recently approved by the U.S. Food and Drug Administration 
may be effective for treating insomnia: suvorexant and ramelteon. Suvorexant, an 
orexin antagonist, increases total sleep time by reducing time to sleep onset and 
awakening after falling asleep.*’ Ramelteon, a melatonin-receptor agonist, 
modestly improved time to sleep onset but had no effect on total sleep time.** There 
are currently no published data regarding the efficacy of these agents for managing 
drug-induced sleep disorders. 

When long-term treatment of insomnia is required, antidepressants are among 
potential options.8© Trazodone may be effective at doses of 50-100 mg for 
insomnia associated with fluoxetine and bupropion.*? An advantage of trazodone is 
its lack of anticholinergic activity. Doxepin has also shown promise in treating 
antidepressant-induced insomnia and maintains normal nocturnal melatonin 
secretion.®° Several other agents, such as antipsychotics (mirtazapine) and 
melatonin, have been used for the long-term treatment of insomnia but supporting 
data are limited, and these agents are associated with adverse effects. 


Most patients initially seek a nonprescription remedy for the treatment of sleep 
symptoms. Unfortunately, there are limited data regarding the efficacy of 
nonprescription drugs.”? Of the many options available, melatonin is the only agent 
that has undergone extensive evaluation of its circadian effects and hypnotic 
properties. Limited and contradictory evidence is available for the efficacy of 
histamine H,-receptor antagonists and valerian. Other alternative agents for which 
some supportive data exist include passionflower, chamomile, St. John’s Wort, 
kava, wild lettuce, patrinia root, and vitamins and supplements (calcium, vitamin 
A, nicotinamide, magnesium, and vitamin Bin)” Potential harm of these agents 
should be considered as the products are not standardized, which discourages 
healthcare providers from recommending them for routine treatment. 

When a treatment is initiated for a sleep disorder, the lowest effective dose 
should be prescribed. Ideally, these agents should be used for the shortest period of 
time possible, but this may not be feasible for those patients requiring a longer 
duration of therapy. Patients under treatment for drug-induced sleep disorders 
should be routinely monitored to assess the effectiveness of drug therapy and to 
ensure the resolution of symptoms. 
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INFORMATION FOR PATIENTS 


Patients who are prescribed medications that are known to cause sleep disorders 
should be instructed to contact their healthcare provider if they experience 
difficulty falling asleep, do not feel rested after having adequate time to sleep, or 
are excessively tired during the day. Sleep hygiene education should be provided to 
patients to identify opportunities to improve sleep disturbances. Patients should be 
advised to consult with their physician or pharmacist before beginning treatment 
with any nonprescription medication to avoid interactions that could precipitate 
sleep disturbances. Finally, patients should be warned not to change the dose or 
administration times of prescribed medications without consultation with their 
physician or pharmacist. 
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CHAPTER 17 


Cognitive Disorders 


Michele Y. Splinter 


Cognitive function is a multidimensional concept for higher-order mental functions 
and processes.!* Cognitive domains described in the Diagnostic and Statistical 
Manual of Mental Disorders, 5th edition (DSM-5), are perceptual-motor function, 
language, executive function, learning and memory, complex attention, and social 
cognition.? The DSM-5 divides the neurocognitive disorders into three syndromes: 
delirium, mild cognitive disorders, and major cognitive disorders (dementia). 
Delirium is a disturbance in attention and awareness developing over a short 
period and is a consequence of another medical condition, substance intoxication or 
withdrawal, exposure to a toxin, or due to multiple etiologies, and is most often 
reversible after the insult is removed. Mild and major neurocognitive disorders 
represent a cognitive decline in performance in one or more cognitive domains and 
can be due to a number of etiologies including Alzheimer disease, vascular disease, 
frontotemporal lobar degeneration, and substance or medication use. The ability to 
live an independent life or not differentiates mild from major neurocognitive 
disorders. 


CAUSATIVE AGENTS 
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Drugs that have been implicated as causes of cognitive disorders are listed in 
Table 17-1.**° Effects associated with some medications, such as sedation from 
opiates, are experienced acutely. Cognitive effects of other medications are subtle 
and are often recognized only with long-term use. An example is slowing of 
cognitive processing speed in children leading to attention and memory deficits 
associated with phenobarbital.*4> 


EPIDEMIOLOGY 


It is difficult to determine the relative frequency of drug-induced cognitive 
disorders because of the diversity of drugs capable of causing cognitive impairment 
and the divergent demographic characteristics of study populations.*® In one study, 
22% of 229 consecutive hospitalized patients over 70 years of age experienced 
delirium.*> Drug toxicity was identified as the most definitive cause of delirium and 
was the third most probable contributor, after infection and fluid and electrolyte 
imbalance. In another prospective study, 7% of 1,500 hospital neurologic 
consultations were for delirium, 17% of which were attributed to drugs.°” 






Table 17-1 Agents Implicated in Drug-Induced Cognitive 
Disorders 


Level of 
Drug Class/Medication Incidence Evidence* 
NK 


Androgen-deprivation therapy4 


Anticholinergics5,6 a 20%b 


Antiarrhythmics (amiodarone, digoxin, lidocaine)7,8 





Antibiotics8,9 
Antifungals8,9 
Antiretrovirals8,9 


Anticonvulsants 


WH 





Phenobarbital! 9 
Th 


> 


Topiramate 


7-l1%d 


Valproic acid!> 22%€ B 


Antineoplastic agents 14,15 4-75%f 
Cyclophosphamide, thiotepa, carboplatin1,7 25% 


> > 
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Antipsychotics 16,17 NK B 
Antiparkinson agents7,8,18 C 
Benzodiazepines (chronic)19 B 
Glucocorticosteroids8 C 
Histamine-2-receptor antagonists20 0.2% (outpatient) B 
1.6—1.9% (inpatient) 
Interferon alfa2 1-24 B 
Lithium25,26 B 
Non-nucleoside reverse transcriptase inhibitors27,28 B 
Nonsteroidal anti-inflammatory drugs29-3 1 B 
Opioids32 20-70%h B 
Selective serotonin reuptake inhibitors33 B 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bElderly. 


cHealthy volunteers. 
dObese children—memory (71%), psychomotor speed (36%), language (29%), attention (29%), visual-spatial 


perception (14%), and intelligence (7%). 
eChildren of epileptic mothers who took valproate scoring <69 on verbal intelligence quotient (IQ). 


fVaries depending on medication, regimen, population, stage of cancer, domain measured, time of measurement. 
gHigh-risk patients with breast cancer receiving high-dose chemotherapy (cyclophosphamide, thiotepa, and 


carboplatin after receiving standard-dose chemotherapy). 
hVaries depending on population (healthy, patient with cancer, or patient with nonmalignant pain—and whether 


tolerant to medication). 


In an outpatient study of 308 patients older than 60 years of age with pre- 
existing global cognitive impairment, 35 (11.4%) experienced adverse drug 
reactions contributing to cognitive dysfunction.*® Upon follow-up 1 year after 
enrollment, medications were determined to be the sole cause of cognitive changes 
in 10 of these patients, and in the others, cognitive function improved after 
discontinuation of the offending agent. 

Commonly used instruments that can be administered within 10 minutes to 
screen for decline in cognition include the Mini-Mental State Exam and the 


Montreal Cognitive Assessment (MoCA).°?4° Reported incidences of cognitive 
disorders depend on the cognitive domain investigated and the measurement 


instrument used.*! For example, more than 80 instruments have been employed to 
assess the different domains of cognitive function in patients with cancer. Several 
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challenges to using cognitive assessments in cancer research have been identified, 
including the fact that baseline data may not reflect function before the cancer 
diagnosis, moderating variables (education, race, age, sex) may affect comparisons 
between groups or established norms, tests may be subject to practice and learning 
effects, and a valid comparison group is difficult to identify because cancer 
treatment is specific to diagnosis, stage, and biological factors characteristic of the 


specific malignancy.! 


Table 17-2 Mechanisms of Drug-Induced Cognitive Disorders 


Drug 


Anesthetics43 


Anticholinergics44,45 


Anticonvulsants34,46,47 


Antineoplastic agents48-51 


Antipsychotics52 


Barbiturates53,54 


Benzodiazepines53 
Glucocorticosteroids55,56 


Histamine-2-receptor 
antagonists57 


Interferon alfa58 
Nonsteroidal anti-inflammatory 


drugs30 


Opioids32,59 


Mechanisms 


Neuronal apoptosis from activation of caspase and amyloid-B aggregation; 
tau phosphorylation; alteration of central cholinergic transmission through 
nicotinic and muscarinic receptors; upregulation of NMDA receptors causing 
excitotoxicity and apoptosis from calcium influx 


Age-related loss of acetylcholine and cholinergic cell bodies in nucleus basalis 
of Meynert; accumulation of amyloid-beta peptides in the cortex, 
hippocampus, and amygdala 


Reduction of neuronal excitability; decrease in the expression of 
neurotrophins and 

B-estradiol causing dose-dependent apoptotic neurodegeneration in fetal 
brains 


Leukoencephalopathy, direct cytotoxic effects, cytokine-induced 
inflammatory response, chemotherapy-induced anemia and menopause; 
genetic risk factors (low-efficiency efflux pumps, deficits in DNA repair 
mechanisms), shortened telomere length, and decreased neurotransmitter 
activity and functional connectivity 

Decreased cholinergic enzyme choline acetyltransferase; decreased nicotinic 
and muscarinic acetylcholine receptors due to antagonist activity at 
dopaminergic-D> receptors; decreased nerve growth factor and brain-derived 


growth factor 


Enhancement of GABA, decreased calcium uptake by neuronal membranes 
depressing excitability; reduction n number of fetal neurons and the length 
and branching frequency of dendrites 


Enhancement of GABA activity 
Hippocampal cell loss 


Blockade of histamine-2 receptors in the cerebral cortex and corpus striatum 


Inhibition of dopaminergic activity 


Hypersensitivity response types | and 3 (aseptic meningitis) 
Inhibition of lipid beta-oxidation and mitochondrial disarrangement (Reye 
syndrome) 


Inhibition of the cholinergic system; modulation of behavior of microglia and 
immune cells that mediate inflammation; apoptosis of microglia and neurons 
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Selective serotonin reuptake Hyponatremia secondary to inappropriate antidiuretic hormone secretion 
inhibitors60,61 


Tricyclic antidepressants53 Anticholinergic and antihistaminic effects 





DNA = deoxyribonucleic acid, GABA = gamma-aminobutyric acid, NMDA = N-methyl-D-aspartate. 


MECHANISMS 


Several neuronal processes in the brain are associated with states of awareness. 
Specific mechanisms of cognitive disorders associated with several classes of 


medications are summarized in Table 17-2.203443-6! 


42 


It has been proposed that neural pathways mediated by acetylcholine regulate 
conscious awareness and its intensity. Anticholinergic agents are used as 
antiemetics, antiparkinson agents, and antispasmodics, and have been associated 
with cognitive impairment. ’!*°?- Tn addition, drugs in many other classes possess 
anticholinergic properties, including tricyclic antidepressants, antipsychotics, 
antihistamines, and antiarrhythmics.’“4 Memory loss in patients with Alzheimer 
disease or Parkinson disease with prominent dementia has been associated with a 
significant decline of cortical cholinergic innervation due to cell loss in the nucleus 
basalis.© High-frequency oscillations that unite information related to different 
aspects of a perceived object from widely distributed cortical neurons appear to 
emanate from the thalamus.*” The action of acetylcholine in the cortex and thalamus 
and the interactions between the neurotransmitters acetylcholine, gamma- 
aminobutyric acid (GABA), and glutamate appear to be central to the maintenance 
of conscious awareness. Alzheimer disease is associated with amyloid plaque and 
formation of neurofibrillary tangles. In a histological study from brains of patients 
over 70 years of age with Parkinson disease, anticholinergic use for greater than 2 
years increased amyloid plaque and neurofibrillary tangle densities by twofold. 
Authors hypothesized that there was acceleration of B amyloidosis and plaque 
formation in aging brains in these subjects induced by the antimuscarinic drugs. 
Rebound insomnia and anxiety have been reported in association with 
benzodiazepine and barbiturate withdrawal, and hallucinations and delirium have 
been associated with barbiturate withdrawal. Down-regulation of high-affinity 
GABA receptors occurs during benzodiazepine and barbiturate therapy, and the 
withdrawal syndrome probably reflects a state of GABA underactivity in 
conjunction with a surge in output of excitatory neurotransmitters normally inhibited 
by GABA. There also appears to be a noradrenergic mechanism contributing to 
consciousness, aS O»-receptor antagonists and variations in norepinephrine 


concentrations alter anesthetic dose requirements.** In addition, a)-receptor 
agonists increase the depth of anesthesia. 
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Anticonvulsant medications diminish neuronal irritability and therefore may 
inhibit neuronal excitability and impair cognitive function.***© High serum 
concentrations of valproate have been shown to affect both function and 
morphology of the brain, possibly due to interference with pituitary adrenal 
function, hyperammonemia, or changes in blood-brain barrier permeability.°’ 
Histologic examination of brains of rats aged 3-30 days who had received 
phenytoin, phenobarbital, valproate, vigabatrin, diazepam, or clonazepam revealed 
apoptotic neurodegeneration.*’>* Anticonvulsants not found to cause apoptosis 
include carbamazepine, lamotrigine, levetiracetam and topiramate. In addition, 
anticonvulsants have been implicated in impairing developing brains by 
diminishing neurogenesis and synaptogenesis.°° 

The hippocampus, which is critical for the formation of new memories, 
possesses the highest concentration of corticosteroid-binding sites in the brain.©? 
Glucocorticoids inhibit glucose transport into cells by 25-30%, thereby 
accelerating the usual decline in adenosine triphosphate concentrations after 
ischemia or hypoglycemia.» This lessens the cell’s ability to inhibit neuronal 
insults, leading to neuronal death. In several studies involving children with acute 
lymphoblastic leukemia, those treated with dexamethasone performed less well on 
cognitive testing than children treated with prednisone. ”-’! It has been hypothesized 
that dexamethasone may be more neurotoxic than prednisone because of a lesser 
degree of plasma protein binding and due to the presence of a fluoride atom in its 
chemical structure.” Altered brain membrane lipid content and synaptic 
transmission in hippocampal neurons have been associated with fluoride anions. ’° 

Acute changes in mental status can occur in association with selective serotonin 
reuptake inhibitors (SSRIs) as a result of hyponatremia due to the syndrome of 
inappropriate antidiuretic hormone (ADH) - secretion.*>°-°! Increased 
concentrations of ADH result in the inability of renal tubules to excrete diluted 
urine, decreasing serum osmolality and serum sodium, resulting in neurological 
changes that may include lethargy, confusion, seizures, coma, and death.®! This 
syndrome may also be caused by other medications, including carbamazepine, 
oxcarbazepine, tricyclic antidepressants, monoamine oxidase inhibitors, and 
neuroleptics.°! These classes of medications may facilitate the secretion of ADH or 
increase renal responsiveness to ADH.°! 

A substantial decline in cognitive function has been reported in studies of 


patients with some malignancies, particularly breast cancer.! It has been 
hypothesized that two distinct pathways are involved: psychological and social 
factors associated with the diagnosis of cancer and a physiologic effect of cancer 
treatment, particularly with medications that cross the blood—brain barrier. These 
effects include decreased functional connectivity, dysregulation of proinflammatory 
cytokine concentrations, and direct cytotoxic effects to the visual system.*%4?.” 
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Nonsteroidal anti-inflammatory drugs are believed to cause aseptic meningitis 
through hypersensitivity responses.*? Only a small number of nonsteroidal anti- 
inflammatory drugs (diclofenac, ibuprofen, ketoprofen, naproxen, sulindac, and 
tolmetin) have been associated with aseptic meningitis, which may be attributable 
to degree of lipophilicity and penetration of the blood-brain barrier.*! Reye 
syndrome has been associated with aspirin use in children less than 18 years of 
age.°” The mechanism is thought to be inhibition of lipid beta-oxidation and 
mitochondrial disarrangement, leading to urea genesis and ketogenesis and 
ultimately hyperammonemia, hypoglycemia, elevated serum lactate, free fatty acids 
and dicarboxylic acid release.*? The cyclooxygenase-2 inhibitors rofecoxib and 
valdecoxib have been associated with increased incidences of stroke and 
myocardial infarction by inhibiting prostacyclin, producing a prothrombotic state. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The clinical presentation of patients with drug-induced cognitive disorders is 
diverse and may involve acute or chronic changes in states of wakefulness, 


attention, or memory.”° Anticholinergic drugs have been associated with memory 


impairment, confusion, hallucinations, sedation, and dysphoria.!* The most common 
cognitive effects associated with anticonvulsants are psychomotor slowing, 


reduced vigilance, and impairment in memory and mood.*° In contrast, many 
patients receiving corticosteroids exhibit mood elevation, and some may 
experience euphoria, insomnia, restlessness, and increased motor activity. 4 Others 
become anxious, depressed, or present with psychotic symptoms. Common central 


nervous system adverse signs and symptoms caused by medications are listed in 
Table 17-3 1,7,18,25,27,28,35,50,69,74-76 


Table 17-3 Signs and Symptoms Associated with Drug-Induced 
Cognitive Disorders!» 718,25,27,28,35,50,69,74-76 


* Sedation/drowsiness 

* Insomnia 

* Decreased attention 

¢ Impaired concentration 
* Memory disorders 

* Confusion 

* Myoclonus 

* Hallucinations 

* Delirium 

* Seizure disorders 
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¢ Impaired performance on assessment instruments (e.g., Wechsler Adult Intelligence Scale, Digit Span/Digit 
Symbol, CogHealth, Hopkins Verbal Learning Test) to assess executive function, attention, concentration, 
intelligence, memory and recall, psychomotor ability, processing verbal ability, vigilance, and visuospatial and 
visuomotor ability 
Seizure activity on electroencephalogram 

* Magnetic resonance imaging changes (e.g., cerebral atrophy, diffuse white matter hyperintensities, 
ventricular enlargement, cortical calcifications) 


Central nervous system effects of benzodiazepines include sedation, hypnosis, 
decreased anxiety, muscle relaxation, anterograde amnesia, and anticonvulsant 
activity.’> As the dose is increased, sedation progresses to hypnosis and then 
stupor. There have been reports of delirium in hospitalized patients receiving 
benzodiazepines, more often associated with long-acting agents and higher doses of 
all benzodiazepines.’ Long-term use of benzodiazepines in the elderly has been 
associated with a higher risk for cognitive decline than with episodic, recurrent, or 
no use of benzodiazepines.!? Benzodiazepines may also cause paradoxical effects 
or disinhibition reactions. ’° Euphoria, hallucinations, sleep-walking, sleep-talking, 
hypomanic behavior, hostility, and rage have been reported with use of various 
benzodiazepines. These reactions are rare and may be dose-related. 

Cases of reversible pseudoatrophy of the brain and mental deterioration have 
been reported in association with valproate in children.®’ In these reports, the 
serum valproate concentration was near or above 100 mg/L, magnetic resonance 
imaging documented pseudoatrophy, and there was a loss of 18-26 intelligence 
quotient (IQ) points as tested on the Wechsler Intelligence Scale for Children III. 
The scores with this test are normative IQs with a mean of 100 and a standard 
deviation of 15.’7 Some of these reports also mentioned the simultaneous presence 
of other adverse effects of valproate, such as tremor, weight gain, alopecia, ataxia, 
and nystagmus. ”° 

Differentiating between cognitive dysfunction that is drug-induced with that due 
to a nondrug-induced disease process can be complex. This is especially true in 
patients with disorders such as epilepsy, Parkinson disease, and human 
immunodeficiency virus (HIV).'*:7®:”? The “five foes” of mental competence in 
patients with epilepsy have been described as heredity, brain damage, seizures, 
anticonvulsant medications, and psychosocial issues.’* Some studies found earlier 
seizure onset, higher lifetime number of seizures, and having multiple seizure types 
contributed to lower IQ scores in pediatric patients with epilepsy. 
Neuropsychiatric problems of Parkinson disease, such as hallucinations, memory 
loss, confusion, and major neurocognitive disorder can be aggravated by 
antiparkinson medications.!* Cognitive and motor impairment occurs in 20% of 
patients with advanced HIV.” Robertson and colleagues conducted a prospective 
study of HIV-positive patients enrolled in randomized antiretroviral trials and 
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found that a history of immunosuppression (nadir CD4 cell count <200 cells/mm?) 
was associated with an increase in neurocognitive impairment.” Of 458 patients 
who were classified as having mild impairment at baseline, 389 had a minimum of 
one follow-up visit with 172 (44%) improving while receiving highly active 
antiretroviral therapy. 

The differential diagnosis of a patient with altered mental status can be 
extensive. ’°89 Because patients may not be able to provide an accurate history, 
interviews of family members or care providers may be essential to determine the 
patient’s baseline mental status.” It is important to determine the timeline of 
development of the cognitive dysfunction, which may be described as either acute 
or insidious. The rate of drug absorption and penetration into the brain determines 
the speed of onset of acutely occurring drug-induced events.’ A careful history of 
current prescription and nonprescription medication use, as well as the use of 
herbal supplements or other remedies is essential and should include information 
regarding any recent alterations in drug, dose, or adherence. ’ 


The most common causes of cognitive disorders are mild and major 
neurocognitive disorders due to Alzheimer disease, vascular disorders, Parkinson 
disease, and substance/medication intoxication.®° Other degenerative disorders that 
cause dementia include dementia with Lewy bodies, frontotemporal dementia, and 
multiple sclerosis.8° Major neurocognitive disorders associated with chronic 
alcoholism may be linked to the associated malnutrition and deficiency of the B 
vitamins or to withdrawal syndromes. Thiamine (vitamin B,) deficiency can lead to 
Wernicke encephalopathy, which in turn can progress to irreversible Korsakoff 
psychosis and death. Vitamin Bj deficiency, in addition to damaging peripheral 
nerves and causing sensory loss, can damage cerebral myelinated fibers, thereby 
inducing dementia. Another insidious cause of memory loss is chronic metal 
intoxication, such as that associated with lead, mercury, and aluminum poisoning. 

Acute and chronic infections can also impair cognition.®° Chronic diseases such 
as tuberculosis, cryptococcosis, advanced stages of HIV infection, and 
neurosyphilis must be considered. Prion illnesses such as Creutzfeldt—-Jakob 
disease and bovine spongiform encephalopathy are rare. Elderly patients may 
experience delirium in association with acute infections such as urinary tract 
infections and pneumonia. ’ 

Acute changes in mental status can serve as an alert for an underlying life- 
threatening medical problem.” Metabolic and endocrine disorders, including 
dehydration, hyperammonemia, hypercalcemia, hyponatremia, hypothyroidism, 
kidney disease, liver failure, and hypoxemia should be considered in the 
differential diagnosis.°°** Withdrawal from certain agents, including alcohol, 
barbiturates, benzodiazepines, and tricyclic antidepressants can also cause 
cognitive disturbances.°>”? 
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Psychiatric diseases must also be considered in the differential diagnosis. Some 
patients with severe depression express confusion and inability to perform routine 
tasks.8° Patients with schizophrenia or with a conversion disorder (mental 
disorders presenting as physical illnesses but lacking a physiologic basis) may 
experience cognitive dysfunction. In patients with conversion disorders, 
psychometric testing does not confirm memory loss. Schizophrenia is usually 
associated with delusions and hallucinations and initially with an intact memory, 
but unexplained progressive dementia develops in some patients late in life. 


Table 17-4 provides a list of conditions to consider in the differential diagnosis 
of drug-induced cognitive disorders.’*°°8! Diagnostic tests that can be performed 
to confirm or assist in the diagnosis are listed in Table 17-5. />-76.80-8? 


Table 17-4 Conditions to Consider in the Differential Diagnosis 


of Cognitive Disorders /3-80,81 





Neoplastic disease 


¢ Primary brain tumor 
¢ Metastatic brain tumor 


Central nervous system disorders 


¢ Extradural hemorrhage 

* Chronic subdural hematoma 

* Vascular dementia 

* Postanoxia 

* Normalpressure hydrocephalus 
* Stroke 


Metabolic disorders 


* Dehydration 

* Hyperammonemia 

* Hypercalcemia 

* Hyperglycemia/hypoglycemia 

* Hypoadrenalism 

¢ Hyponatremia 

* Hypothyroidism/hyperthyroidism 
* Kidney disease 

¢ Liver failure 

* Hypoxemia 


Infections 


* Central nervous system infection (meningitis, encephalitis, brain abscess) 
¢ Human immunodeficiency virus 

* Neurosyphilis 

* Prion diseases (Creutzfeldt—Jakob disease) 

¢ Acute infection/sepsis 
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Vitamin deficiencies 
* Thiamine (B) (Wernicke encephalopathy) 


* By9 (pernicious anemia) 


¢ Nicotinic acid (pellagra) 


Toxic disorders 


¢ Intoxication with drugs of abuse/alcohol and/or prescription medications 
* Heavy metal intoxication 

* Dialysis dementia (aluminum) 

* Organic toxins 


Psychiatric disorders 


¢ Conversion disorder 
* Depression 
* Schizophrenia 


Recurrent nonconvulsive seizures Degenerative disorders 


* Alzheimer disease 

* Dementia with Lewy bodies 
¢ Frontotemporal dementia 

¢ Parkinson disease 

¢ Multiple sclerosis 


Table 17-5 Tests for Evaluation of Patients with Cognitive 


75,76,80-82 





Dysfunction 


¢ Thyroid function 

¢ Vitamin B12 

* Complete blood count 

* Electrolytes 

* Computed tomography/magnetic resonance imaging 
* Venereal Disease Research Laboratory (VDRL) 
¢ Human immunodeficiency virus 

* Chest x-ray 

* Lumbar puncture 

* Kidney function 

¢ Liver function 

¢ Serum ammonia concentration 

¢ Urine toxin screen 

¢ Urine heavy metals 

* Psychometric testing 

* Electroencephalogram 


RISK FACTORS 
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Certain predisposing or precipitating factors may increase the risk of drug-induced 
cognitive dysfunction (Table 17-6).’°+%-38!83.84 Predisposing characteristics 
include age, cerebral damage, chronic illness, functional impairment, genetics, 
polypharmacy, and underlying cognitive impairment.’**+*! Precipitating factors 
include acute illness, infection, metabolic disturbances, dehydration, acute urinary 
retention, malnutrition, environmental and psychosocial factors, surgery, drug 
interactions, and dose-response relationships. ’°*°+73*3.4 Confounding factors, 
such as those experienced with cancer treatment, may include dose intensity, 
duration of treatment, concomitant medications, radiation therapy, and other 
chemotherapy toxicities, including anemia, vascular injury and neurotoxicity. ! 


Table 17-6 Risk Factors for Drug-Induced Cognitive 


Disorders 224263, 73,81,83,84 





Predisposing characteristics 


* Elderly 

* Children 

* Genetic predisposition 

* Underlying cognitive impairment 

* Chronic illness (e.g., alcoholism, HIV) 
* Cerebral damage 

* Functional impairment 

* Polypharmacy 


Precipitating factors 


* Acute illness 

* Acute infections/sepsis (brain abscess, encephalitis, meningitis, pneumonia, urinary tract infection) 

* Metabolic disturbances (hyperammonemia, hypercalcemia, hyperglycemia or hypoglycemia, hyponatremia, 
hypothyroidism) 

* Hypoxemia 

* Dehydration 

¢ Acute urinary retention 

¢ Malnutrition 

¢ Environmental (heavy metal ntoxication, organic toxins, aluminum toxicity associated with dialysis) 

* Psychosocial factors (drug abuse, depression) 

* Surgery 

¢ Drug interactions leading to elevated serum concentrations of causative agents and/or additive 
pharmacodynamic effects 

¢ Elevated serum concentrations of causative agents 


HIV = human immunodeficiency virus. 


In one study, altered mental status was present in 40% of patients older than 70 


years of age who presented to the emergency department.’> There are a number of 
pharmacokinetic changes in the elderly that place them at higher risk of cognitive 
dysfunction. In elderly patients there is a lesser degree of gastric acid secretion, 
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reduced gastrointestinal blood flow, and a diminished rate of gastric emptying, 
translating to reduced ionization and solubility of certain drugs and a delay in drug 
absorption.®> As a person ages, there is a decrease in lean body mass and an 
increase in body fat. These changes affect the distribution and volume of 
distribution of lipophilic and hydrophilic drugs. Binding to serum albumin and a- 
acid glycoprotein is a determinant of drug distribution and the fraction of drug 
available for activity. Albumin primarily binds with acidic and some basic drugs; 
albumin concentrations decrease with increasing age. Conversely, ,-acid 
glycoprotein binds to basic and neutral drugs; there is either no change or an 
increase in the a,-acid glycoprotein concentration with advancing age. In addition, 
serum drug concentrations may be increased in patients with infection, trauma, 
myocardial infarction, and chronic disease. Hepatic metabolic activity—especially 
phase | reactions, including oxidation, reduction, and hydrolysis—is diminished in 
the elderly.°° Benzodiazepines that are only metabolized by conjugation 
(lorazepam, oxazepam, and temazepam) are preferred in the elderly to 
benzodiazepines that also undergo phase 1 reactions to prevent accumulation.® 
Glomerular filtration rate, creatinine clearance, and tubular secretion and 
absorption all decline in elderly patients. Older patients may also be more 
sensitive to the effects of some medications because of pharmacodynamic 
changes.’**8° There may be reduced cholinergic transmission and decreases in 
receptor numbers and sensitivity.’8° Exposure to at least three possible 
anticholinergic agents for a minimum of 90 days in adults >65 years of age was 
associated with an odds ratio (OR) for a diagnosis of mild cognitive impairment of 
2.73 (95% CI 1.27-5.87) compared to those having no anticholinergic exposure.*/ 
Older age, smoking and excessive perspiration are risk factors for cognitive 
dysfunction associated with the syndrome of drug-induced inappropriate 
antidiuretic hormone secretion.°! 


Younger age has also been implicated as a risk factor for specific drug-induced 
alterations of cognitive function. In a 16-week double-blind, placebo-controlled, 
randomized add-on study in 86 children with partial seizures, topiramate was 
associated with difficulty with attention and concentration (12% versus 2%) and 
forgetfulness and impaired memory (7% versus 0%).°° Phenobarbital has been 
shown to slow cognitive processing speed compared with carbamazepine and 
valproate in children.'°°+ Detriments to attention and memory caused by 
anticonvulsant medications may impact long-term neurodevelopment in children.*» 
Phenobarbital use in 217 children 8—36 months of age resulted in an IQ that was 8.4 
points lower on the Standfort-Binet Intelligence Scale, Form L-M compared to that 
in controls (95% CI —13.3 to —3.5, p = 0.0057) after 2 years of treatment.®? Six 
months later after a taper and discontinuation, the IQ was lower by 5.2 points in the 
phenobarbital group (95% CI —10.5 to —0.04, p = 0.052).°? Children (n = 139) 
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were retested after completing at least first grade and after 86% had discontinued 
therapy for 3 or more years.”” There was no significant difference in IQ points at 
that time for the phenobarbital group (102.2 versus 105.7 for placebo, p = 0.09) but 
a significantly lower score on the Wide Range Achievement Test reading 
achievement standard score (87.6 versus 95.6, p = 0.007). 


Genetic polymorphisms (deoxyribonucleic acid sequence variation) are 
responsible for inherited differences in drug metabolism and disposition and the 
resulting effects.?! In addition, polymorphism in genes encoding drug transporters 
and targets cause modifications in drug response. Genetic variability affects 
sensitivity to opioid analgesia and may determine a predisposition to adverse 
effects.*! In studies of the addition of topiramate or valproate to carbamazepine 
therapy, a subgroup of patients who are particularly sensitive to the adverse 
cognitive effects of topiramate was identified.?~*? Galimberti and colleagues 
identified a mutation in the MZ7-ATP8 (mitochondrially-encoded adenosine 
triphosphate synthase 8) gene of a child who developed reversible mental 
deterioration with brain pseudoatrophy while undergoing valproate therapy.”* In 
patients who received androgen-deprivation therapy for prostate cancer, there were 
15 single nucleotide polymorphisms (SNPs) associated with impaired cognitive 
performance (from a total of 384 SNPs) as measured with the International 
Cognition and Cancer Task Force recommended criteria.* Patients with the wild 
type (GG) of one variant (rs1047726 in G protein subunit B3, GNB3) had higher 
odds of impaired cognitive performance at 12 months compared to those with one 
or more A alleles (OR 14, 95% CI 2.97-66.09).* Womack and Heilman described 
the case of a 46-year-old woman in whom memory loss and abnormal memory test 
results developed, but improved upon discontinuation of tolterodine therapy.°? The 
authors suggested that she might be one of the 7% of the population lacking the 
cytochrome P-450 2D6 enzyme responsible for converting tolterodine to the active 
5-hydroxymethyl metabolite. In poor metabolizers, the more lipophilic parent 
compound predominates and crosses the blood-brain barrier more easily than the 
metabolite, which is more hydrophilic. Cattie and colleagues found patients with 
hepatitis C virus genotype | had significantly greater neurocognitive decline than 
patients with other genotypes when treated with pegylated interferon and 
ribavirin.” 

Cognitive adverse effects of many medications occur more commonly in 
association with higher serum concentrations and with polypharmacy.*>** 
Therapeutic serum concentration ranges have been identified for many narrow 
therapeutic index medications, including phenytoin (10-20 mg/L), carbamazepine 
(4-12 mg/L), phenobarbital (10-40 mg/L), valproic acid (50-100 mg/L), lithium 
(0.5—1.2 mEq/L), digoxin (0.5—2 ng/mL), theophylline (5-15 mg/L), lidocaine (1-5 
mg/L), and combined amitriptyline + nortriptyline (120-250 ng/mL).84 Many 
patients experience cognitive adverse events when the upper limit of the therapeutic 


658 


range 1s exceeded. Doses must be individualized for efficacy and to prevent 
toxicity. Some patients may not tolerate the medication at a lower serum 
concentration, while others may tolerate much higher concentrations. Additive 
effects are often observed when sedative or hypnotic medications are taken 
concurrently.’> Tolerance may develop to some effects of medications, but other 
effects may linger. With benzodiazepines, patients report subjectively that 
drowsiness subsides after a few days, but tolerance to the impairment of some 
measures of psychomotor performance, such as visual tracking, does not occur. 

Adverse central nervous system reactions have been attributed to histamine-2- 
receptor blockers.2°°”> Slugg and colleagues determined that ranitidine-induced 
adverse central nervous system reactions are more likely to occur in patients with 
estimated creatinine clearances <50 mL/min than in those with estimated creatinine 
clearances >50 mL/min.” Patients with creatinine clearances <50 mL/min had 
higher peak plasma concentrations, higher average plasma concentrations, and 
larger areas under the plasma concentration: time curve than patients who did not 
have kidney disease. 

Postoperative confusion occurs commonly, with a reported incidence between 
5% and 45% in the elderly.°° Common causes include opioids, benzodiazepines, 
and anticholinergics.*+°° Short-term and long-term postoperative cognitive 
dysfunction has been evaluated in both elderly and middle-aged patients.?””° 
Postoperative cognitive dysfunction was present in 25.8% and 9.9% of 1,218 
patients >60 years of age at 1 week and 3 months after surgery, respectively, as 
compared with 3.4% and 2.8% in nonsurgical control subjects from the United 
Kingdom (p <0.0001 and p = 0.0037).?’ Risk factors were increasing age, duration 
of anesthesia, minimal education, a second procedure, postoperative infections, and 
respiratory complications. In a study investigating patients 40-60 years of age who 
underwent surgery, cognitive dysfunction was reported in 19.2% at 1 week 
postoperatively, as compared with 4% of nonsurgical control subjects (p <0.001).78 
The major risk factors for cognitive dysfunction at 7 days were supplementary 
epidural analgesia and reported avoidance of alcohol consumption. 


MORBIDITY AND MORTALITY 


There are few published data regarding the influence of drug-induced cognitive 
impairment on morbidity or mortality. However, one prospective study of 
hospitalized elderly patients demonstrated that the presence of delirium prolonged 
the duration of hospitalization from 7.2 days to 12.1 days, and increased the 
mortality rate from 1% to 8%.°° 


PREVENTION 
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A number of strategies have reduced the likelihood of occurrence of drug-induced 
cognitive disorders including adjusting drug doses in patients with liver or kidney 
disease, limiting the total dose of medications with known dose-toxicity 
relationships, monitoring plasma concentrations, slowly titrating the dose, using 
alternative agents with a lower risk of inducing cognitive dysfunction, limiting the 
total number of medications, and using consensus criteria. Table 17-7 provides a 
summary of measures that can be taken to reduce the risk of drug-induced cognitive 
disorders .25:38:76.99-102 


Table 17-7 Approaches to Help Prevent Drug-Induced 
35,38,76,99-102 


¢ Adjust dose for patients with kidney and/or liver disease where applicable 

¢ Limit total dose where possible 

¢ Limit total number of medications 

* Use adjunctive medications 

* Use around-the-clock regimen 

¢ Perform routine plasma concentration monitoring of medications with defined ranges for efficacy and 
toxicity 

* Upon initiation of medications, use a slow titration to target range 

¢ Use alternative medications with less association for cognitive adverse events 

* Use consensus guidelines for safe medication use in specific populations 


Cognitive Disorders 





Adjusting drug doses and/or dosing intervals in patients with liver or kidney 
disease is not only important when initiating therapy, but it is also critical in 
patients with severe illness in which organ function may decline suddenly and 
precipitously. Histamine-2-receptor blockers are an example of a class of 
medications for which careful dose adjustment is necessary.?> Other medications 
should be avoided altogether in patients with liver or kidney disease. Meperidine, 
for example, has a neurotoxic active metabolite, normeperidine, that accumulates 
after repeated doses in patients with kidney disease.” 

Another risk reduction strategy is to limit the total dose of a potentially 
offending agent for which a known dose-toxicity relationship exists.*! In patients 
requiring pain management with opioids, for example, the addition of a nonopioid 
coanalgesic or an adjuvant analgesic and around-the-clock administration can 
decrease the total required opioid dose.*!”? Proper management of pain is 
important, as was demonstrated in a study of postoperative patients 50—80 years of 
age, which found that pain, not analgesic intake, predicted a decline in mental status 
during the first 5 days after surgery.'!°° Other pain management approaches to 
consider include the use of a therapy targeting the cause of pain (antitumor 
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therapies such as radiotherapy, chemotherapy, and surgery) or use of a regional 
anesthetic or neuroablative intervention.*! 

Medications such as anticonvulsants and lithium require routine plasma 
concentration monitoring to maintain concentrations within specified ranges.*4 Even 
though plasma topiramate concentrations are not tested routinely, in a study of 
correlates of topiramate-induced cognitive impairment, the largest causal 
relationship was plasma concentrations, which varied by 55-fold among 158 
healthy volunteers.!°? The authors performed a genome-wide association study 
(GWAS), including a focused analysis near genes considered candidates for 
influencing topiramate cognitive response. No significant association was found 
among the healthy volunteers or with a comparison of a GWAS of cognitive 
adverse effects in patients with epilepsy taking topiramate. For some medications, 
minor adverse effects often appear as the plasma concentrations rise before major 
cognitive toxicities are experienced.** To an astute clinician, these minor adverse 
effects serve as a warning that more serious cognitive impairment may be imminent. 
For example, gastrointestinal distress may be an early symptom of valproic acid 
toxicity, while fatigue may be an early indicator of impending toxicity associated 
with phenytoin or topiramate. Patients become tolerant to some of the adverse 
cognitive effects of some medications when doses are slowly titrated upward. This 
is the case with topiramate, for which therapy should be initiated at a low dose and 
titrated to the target dose over a period of 1—2 months.” 


Another strategy for the prevention of cognitive disturbances involves the use of 
medications with lower risk. In a single site retrospective study of 2860 adult 
outpatients with epilepsy, topiramate (18.5%, 95% CI 1.78—7.49%) and phenytoin 
(11%, 95% CI 1.08—3.77%) were most likely to be associated with intolerable 
cognitive adverse effects.'°* Gabapentin, pregabalin, and carbamazepine were the 
least likely of the antiepileptic medications to cause these adverse effects. Residual 
daytime sedation has been associated with the use of benzodiazepines and the 


benzodiazepine-receptor agonist zoldipem.*>!?! 


The potential for drug interactions and additive pharmacodynamic effects 
should be considered as new medications are added to a patient’s treatment 
regimen. The odds for experiencing adverse drug reactions, adjusted for age and 
duration of symptoms, were shown to increase as the number of drugs used 
increased in an elderly population.** Compared to patients taking zero or one 
prescription medication, the odds ratio for adverse drug reactions was 2.7 (95% Cl 
0.9-7.8) in those taking two or three medications, 9.3 (95% CI 3.3—26.6) for those 
taking four or five medications and 13.7 (95% CI 3.6—51.9) for those taking six or 
more medications.*® In a prospective study of 72 children with epilepsy, in which 
siblings of 45 of the children served as controls, investigators reported that 11% of 
children with a persistent decrease in IQ score had a significantly higher incidence 
of toxic plasma drug concentrations, took a larger number of medications 
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simultaneously, had seizures that were more difficult to control, had a higher total 
number of seizures, and began to have seizures at a younger age. ’® 


A tool used to minimize impact of polypharmacy is the Anticholinergic 
Cognitive Burden (ACB) list, which scores the anticholinergic activity of 
medications as mild (ACB score 1) or severe (ABC score 2 or 3).*” Drugs with 
mild anticholinergic effects have serum anticholinergic activity or in vitro affinity 
to muscarinic receptors but no known clinically relevant negative cognitive effects. 
Drugs assigned higher scores have established and clinically relevant cognitive 
anticholinergic effects. 


Federal regulations have been enacted to protect the elderly, a population that is 
at increased risk for the development of adverse events due to medications. The 
Omnibus Budget Reconciliation Act of 1987 contained the Federal Nursing Home 
Reform Bill, which gave the right of long-term care residents to be free from 
unnecessary physical and chemical restraints.!°° Reportable quality measures, such 
as the Minimum Data Set for nursing home residents, improve quality for residents 
by providing regular organized assessments of each resident’s physical and mental 
status.!°° The Beers criteria, first published in 1997 and updated in 2003 and 2012, 
provide a consensus statement of medications that are potentially inappropriate in 
older adults in general and in older adults with common medical 
conditions. !:!°7.!08 The Beers criteria were accepted by the Centers for Medicare 
and Medicaid Services for nursing home regulation in 1999.!°7 The 2012 update 
used a comprehensive and systematic review to divide 53 medications or classes 
of medications into three categories: (1) potentially inappropriate medications and 
classes to avoid in older adults, (2) potentially inappropriate medications and 
classes to avoid in older adults with certain diseases and syndromes that the listed 
drugs can exacerbate, and (3) medications to be used with caution in older 
adults. 1% 


Prognostic molecular testing, as in the case of patients with breast cancer, can 
assist with identifying patients that might not benefit from prolonged cancer 
chemotherapy or those at low risk for recurrence, thus preventing overtreatment and 
limiting adverse events for those populations. !°” 


MANAGEMENT 


A summary of management strategies for drug induced cognitive disorders 1s 
provided in Table 17-8.7°7>8!-110.!1 Treatment of drug-induced cognitive disorders 
may include discontinuation of the offending agent with or without adjuvant 
medications, dose reduction, substitution of a sustained-release formulation, 
symptomatic management, cognitive rehabilitation, and/or complementary 
therapies. In some instances, such as in patients with epilepsy or bipolar disease, it 
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may be necessary to initiate treatment with another medication before therapy with 
the offending agent can be discontinued.*>*> Use of a sustained-release formulation 
that may ameliorate toxicity associated with peak plasma concentrations has been 


recommended for patients with lithium-induced cognitive impairment.” 


Table 17-8 Management of Drug-Induced Cognitive 


Disorders20>25,81,110,111 

¢ Distinguish between medication effects and symptoms caused by comorbid conditions 

¢ Discontinue the offending agent and use alternative medications 

* Reduce the dose of the offending agent 

¢ Where available, use a sustained-release formulation to prevent peak serum concentrations associated with 
adverse events 

* Provide symptomatic treatment 

* Treat comorbidities 

* Provide cognitive rehabilitation and training 

* Complementary therapies 

* Provide supportive measures 





Discontinuation of some medications such as benzodiazepines and SSRIs may 
cause a withdrawal reaction.!!°!! Withdrawal symptoms peak from 24 to 72 hours 
after discontinuation of short- to intermediate-acting agents.!!> These reactions 
occur more often in patients receiving higher daily doses, with agents having 
shorter half-lives, those undergoing a longer duration of daily drug therapy, and in 
association with more rapid rates of tapering.!!° Other predictors of poor outcome 
following discontinuation of benzodiazepines include a diagnosis of panic disorder, 
higher levels of anxiety or depression before tapering, higher levels of personality 
psychopathology (e.g., neuroticism, dependency), and concomitant alcohol and/or 
substance dependence or abuse. Tapering of therapy has been recommended for 
patients receiving daily diazepam doses of >10 mg or its equivalent (2 mg 
lorazepam, 1 mg alprazolam) after patients’ anxiety or panic symptoms have been 
reduced. One recommended schedule is to taper by 25% per week until 1-2 mg 
equivalents of alprazolam is achieved, then decrease by 25% of the remaining dose 
every week.!!? Therapy with carbamazepine 200-800 mg/day, imipramine 25 
mg/day, valproate 500—2,500 mg/day, and trazodone 100-500 mg/day has been 
shown to improve benzodiazepine tapering success rates, but has not been shown to 
diminish withdrawal severity.!!*!!© The Physician Withdrawal Checklist (PWC- 
20) for benzodiazepines and the Discontinuation Emergent Signs and Symptoms 
(DESS) checklist for SSRIs are helpful tools to differentiate between 
discontinuation symptoms of — rebound/withdrawal and_ return’. of 
anxiety/depression.!!*!!7_ Psychostimulant agents antagonize opioid-induced 
sedation and cognitive impairment in postsurgical patients and in those with 
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chronic cancer.®! However, these agents can also cause cognitive adverse effects, 
including hallucinations, delirium, and psychosis, as well as noncognitive adverse 
events such as decreased appetite and tachycardia. A short-acting benzodiazepine 
such as lorazepam is often administered for severe agitation, and antipsychotic 
drugs such as haloperidol are often administered for the treatment of patients with 
delirium. Several studies have shown that opioid rotation, also referred to as 
opioid switching or opioid substitution, can minimize delirium or agitated 
confusion. Dose conversion tables should be used cautiously as guidelines. 
Because of incomplete cross-tolerance to opioids in tolerant patients, it has been 
recommended to decrease the dose of the new opioid by 30-50%. Cherny and 
colleagues published detailed instructions regarding the manner in which to 
perform opioid rotation.*! Liothyronine 25-50 mcg daily was found to improve 
cognitive functioning in patients receiving lithium, even in the absence of 
hypothyroidism.” 

The pharmacokinetic properties of a medication most often determine the 
duration of adverse cognitive effects.°> The duration may be affected by 
redistribution from the brain into other tissues, as occurs with highly lipid-soluble 
drugs such as diazepam. With other central nervous system depressants, drug 
metabolism and elimination determine the duration of effect of the parent drug and 
any active or toxic metabolites. These factors may be influenced by age, disease, 
genetics, and concomitant medications. 


It is important to also screen and treat possible underlying causes of cognitive 
dysfunction such as metabolic disturbances and infections as well as comorbidities 
such as anxiety, depression, fatigue and insomnia, which may be associated with 
drug-induced cognitive dysfunction such as that associated with cancer 
chemotherapy. +!!! 

Nonpharmacologic interventions have also been shown to be of benefit. 
Cognitive rehabilitation approaches may _ significantly improve patient 
functioning.!'> One approach is for caregivers and family members to orient 
confused patients to person, place, and time.?’ Supportive measures include 
convenient arrangement of the home or work environment, use of notes, and 
avoidance of distractions.'4 Cognitive training (memory and speed process 
training) and physical activity interventions (bicycling with speed feedback and 
modified hatha yoga) improved cognitive function in patients with breast cancer.!!? 
Other complementary/integrative medicine therapies include acupuncture, hypnosis, 
massage therapy, meditation, relaxation and biofeedback. |"! 


INFORMATION FOR PATIENTS 
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Patients and/or their caregivers should be informed that the prescribed medication 
has been known to cause cognitive dysfunction, and they should be informed of 
associated signs and symptoms. Patients should be warned regarding the potential 
hazards of driving or using machinery and should be aware that alcohol could have 
additive effects when used concurrently. Patients and their caregivers should be 
instructed that healthcare providers should be contacted if the prescribed therapy 
causes intolerable cognitive effects so that appropriate changes in therapy can be 
implemented. 
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CHAPTER 18 


Depression 


Sheila Botts and Melody Ryan 


Depression is one of the most common psychiatric illnesses. Depression may 
interfere significantly with a patient’s daily functioning and quality of life. 
Untreated depression is associated with substantial morbidity and increases the risk 
of suicide and death. The lifetime risk of suicide among patients with depression is 
2.2-15%.!* Depression is a biologic illness with an unknown cause. Drug-induced 
depression is similar in presentation to idiopathic depression and carries similar 
risks of morbidity and mortality. Although the overall prevalence is unknown, drug- 
induced depression poses a significant challenge for practitioners, as it may 
undermine the effectiveness of much-needed treatment. Treatment-emergent 
suicidality (e.g., suicidal ideation and behavior) has been characterized 
independently, even though it often occurs with mood changes and poses significant 
risks to the patient. 


CAUSATIVE AGENTS 


Depression has been associated with many drugs, including anti-infectives, 
cardiovascular agents, central nervous system (CNS) drugs, dermatologic agents, 
hormonal treatments, and immunologic and cancer chemotherapy drugs. The 
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Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5), 
defines medication-induced depression as a “prominent and persistent disturbance 
of mood that occurs during use of a medication causally related to depression, or 
within 1 month of intoxication or withdrawal of therapy with a medication.”! 
Symptoms must be severe enough to result in clinically significant distress in 
social, occupational, or other areas of functioning. The clinical features of 
medication-induced depression may be similar to those of a major depressive 
disorder (MDD) but do not have to meet full diagnostic criteria. In the evaluative 
literature, depression may be characterized as a specific symptom (1.e., depressed 
mood), a cluster of depressive symptoms, or as a diagnostic entity (e.g., MDD) 
although the latter is less common. For the purposes of this chapter, depression is 
defined as the presence of any one of these three characterizations and which is 
severe enough to cause a disruption in daily function. Suicide and suicidality are 
often associated with depression. Suicidality associated with antidepressants, 
antipsychotics, and anticonvulsants is defined as suicidal thoughts or behaviors or 
suicide. 


Table 18-1 Agents Implicated in Drug-Induced Depression 





Reported Incidence? | Level of Evidence? 


ANTI-INFECTIVE AGENTS3-15 


Cycloserine 
Ethionamide 


Fluoroquinolones 





Mefloquine 
ANTIVIRAL AGENTS16-22 


Efavirenz29 1.6-2% A 


CARDIOVASCULAR DRUGS23-36 
B-blockers 


Clonidine 
Digitalis 
Guanethidine 
Methyldopa 


Reserpine 


Anticonvuls ants30-73 


Levetiracetam 


Phenobarbital 





Primidone 70% B 


ANTIDEPRESSANTS74,c 


SSRIs, SNRIs, TCAs 
Aripiprazole 

Quetiapine 

Lurasidone 
ANTIMIGRAINE75 
Triptans 
MISCELLANEOUS76-89 
Sodium oxybate 


Tetrabenazine 


Varenicline 





HORMONAL AGENTS90-114 


Corticosteroids 1.3-18% 


nw 
Ww) 


Oral contraceptives 
GnRH agonists 26-54% 
Tamoxifen 1—20% 


ve) 


Aromatase inhibitors 5-13% 


> 


a 


Zz 
nw 
ow 


Finasteride 


IMMUNOLOGIC AND CANCER CHEMOTHERAPY AGENTS115-146 


INF nam S«&A 
IN pam Sd 
TNFcniios Kx SSSC~* 


RETINOIC ACID DERIVATIVES1 45-165 


Isotretinion3-2 1 1-5.5% 


ve) 


GnRH = gonadotropin-releasing hormone, INF = interferon, NK = not known; SNRI = serotonin-norepinephrine 
reuptake inhibitor, SSRI = selective serotonin reuptake inhibitor, TCA = tricyclic antidepressant; TNF = tumor 
necrosis factor. 

alncidence reported in the treated population. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 
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cRefers to risk of suicidal ideation when used as antidepressant. 


dRandomized studies do not support an increased risk of depression. 


All drugs associated with inducing depression for which evaluative support is 
available in the literature are reviewed in this chapter.*!®* The literature 
supporting an association of drugs with depression is largely comprised of case 
reports, postmarketing surveillance, and retrospective observational studies, 
making the case for causality difficult. There are few prospective, controlled trials 
with objective assessments of depressive symptoms or diagnostic criteria. When 
available, these data are discussed for each agent. A list of drugs associated with 
depression and the estimated incidence for each are presented in Table 18-1.*-!® 


EPIDEMIOLOGY 


The estimated lifetime prevalence of depression in the general population is 
approximately 17%.'8? Depression occurs at a much higher rate in patients with 
chronic illnesses such as diabetes and cardiovascular disease.!** Although many 
drugs have been associated with depression, few have been adequately studied to 
identify the degree of risk that they impart above and beyond that normally present 
in the population of patients with disease. 


ANTI-INFECTIVE AGENTS 


Adverse psychiatric effects have been reported in association with most 
antibiotics, but are still considered relatively rare events.> Depression has been 
reported in patients taking fluoroquinolones, the antitubercular agents cycloserine 
and ethionamide, and the antimalarial agent mefloquine.*!> These data, however, 
are limited to case reports, and the overall prevalence is unknown. 


ANTIVIRAL AGENTS 


Both non-nucleoside reverse transcriptase inhibitors (NNRTIs) and protease 
inhibitors have been associated with depression. The NNRTI efavirenz appears to 
confer the greatest risk. In over 1,000 patients treated with efavirenz in clinical 
trials for an average of 1.6 years, severe depression was reported with an 
incidence of 1.6%, and suicidal ideation occurred in 0.6% of patients.!° The risk of 
depression and suicidal ideation increased to 2% in patients with a history of 
psychiatric disorders. In contrast, several prospective trials have not shown an 
increased risk of depression associated with efavirenz treatment. A 48-week 
randomized, controlled trial of patients receiving a protease inhibitor—containing 
regimen or efavirenz-containing once-daily regimen failed to find a difference in 
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the risk of depression during maintenance treatment.'? An additional prospective 
trial compared neuropsychiatric effects of an efavirenz-containing antiviral regimen 
with those in patients on therapy that did not contain efavirenz.'* The proportion of 
efavirenz-treated patients who reached the threshold Center for Epidemiologic 
Studies—Depression (CES-D) score for clinical depression declined over the 
course of the study from 34.1% at baseline to 22.3% at week 184. Finally, a large 
cohort study of patients newly diagnosed with human immunodeficiency virus 
(HIV) also did not find an increased incidence of depression in those taking 
efavirenz-containing regimens.!? In summary, it is difficult to assess the true 
incidence of efavirenz-associated depression, because depression has been 
associated with other agents with which efavirenz is almost always prescribed in 
combination. Other NNRTIs (nevirapine, abacavir), and protease inhibitors 
(indinavir) have also been noted in clinical case reports to cause depression. !*- 


CARDIOVASCULAR AGENTS 


Antihypertensive agents, including angiotensin-converting enzyme inhibitors, f- 
blockers, calcium channel blockers, antiadrenergic agents (e.g., reserpine, 
methyldopa, guanethidine, and clonidine), and thiazide diuretics have been 
implicated in causing depression in case reports. With the exception of 
antiadrenergic agents, B-blockers and digoxin, little empirical evidence exists to 
support this association. Reserpine, methyldopa, and guanethidine increase 
patients’ risk of depression, but these agents are no longer commonly used.?*-7/ 
Case report data support the association between clonidine and depression. 
However, larger evaluative studies suggest that the incidence of depression in 
patients taking clonidine is similar to that in the general population.?® The risk of 
depression associated with B-blocker therapy remains somewhat controversial. In 
addition to case reports, two epidemiologic studies support an association with 
depression, but this link was not confirmed in two prospective studies.7”** It has 
been suggested that depressive disorders rarely develop in patients treated with f- 
blockers, but that these patients experience typical B-blocker adverse effects, which 
leads to misdiagnosis of depression. Studies that have incorporated diagnostic 
criteria for depressive disorders have failed to identify an association between B- 
blockers and depression.*?3* Digoxin has been associated with depression in case 
reports and two small prospective studies.*+*° In a community sample, Palinkas 
reported that elderly women taking digoxin had higher rates of significant 
depressive symptoms than women not taking digoxin (10.5% versus 6.5%), 
although this difference was not statistically significant.*> In a second study of 335 
patients postmyocardial infarction, digoxin exposure was associated with an 
increased risk of depression at the 3- to 4-month follow-up visit.*° 
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CENTRAL NERVOUS SYSTEM AGENTS 


Several CNS-acting drugs have been associated with depression, including 
antiepileptic drugs (AEDs), benzodiazepines, physostigmine, and  5- 
hydroxytryptamine (5-HT), agonists (triptans). Most AEDs have been reported to 
cause depression. Conversely, many AEDs may be used to stabilize patients with 
mood disorders. Sodium valproate, carbamazepine, and lamotrigine have U.S. 
Food and Drug Administration (FDA)-approved indications for bipolar disorder. In 
addition, several AEDs including phenytoin and carbamazepine have demonstrated 
effectiveness in the management of unipolar depression.*”~* It is important to note 
that, because of ethical considerations, very few of the AED trials are placebo- 
controlled. Because of the various CNS activities of the AEDs used as 
comparators, it is difficult to judge the exact prevalence of depression caused by 
these agents. Also, the rate of depression in patients with epilepsy is very high (32— 
48%) and the lifetime prevalence of suicide and suicide attempts is 5—14% in this 
population.*? Therefore, this increase in the incidence of mood disorders can be 
only partially attributed to the AEDs. All of the AEDs, particularly at higher doses, 
are associated with lethargy, fatigue, drowsiness, and asthenia, which may mimic 
depression. All AEDs have FDA-mandated warnings regarding suicidality.*° This 
requirement stems from data from 199 placebo-controlled trials of 11 AEDs 
(carbamazepine, felbamate, gabapentin, lamotrigine, levetiracetam, oxcarbazepine, 
pregabalin, tiagabine, topiramate, valproate, zonisamide).*? The investigators 
reported suicidal ideation or behavior in 0.43% of patients taking AEDs compared 
with 0.22% of those taking placebo. The relative risk of suicidal behavior or 
ideation in patients taking AEDs for epilepsy was 3.53 (95% CI 1.28—12.1), 
compared with 1.51 (95% CI 0.95—2.45) for those taking AEDs for psychiatric 
reasons and 1.87 (95% CI 0.81-4.76) for those taking AEDs for other reasons.*? 
No specific AED appears to confer greater risk, and no demographic group appears 
to be at higher risk. In the wake of this study and subsequent warning, several other 
investigations have been conducted to attempt to provide clarity regarding the risks 
of suicidal ideation, behavior, and depression. 

A large cohort study of 8,211 patients found no excess risk of suicidal ideation 
associated with AED use.*! However, a nested case-controlled study of 44,300 
patients ever given AEDs found increased odds (OR 3.08, 95% CI 1.22—7.77) of 
self-harm or suicidal behavior with a group of newer AEDs associated with 
depression (levetiracetam, vigabatrin, topiramate, tiagabine) compared with 
patients not currently taking AEDs.** The odds of suicidal behavior or self-harm 
were not higher in patients taking other AEDs, conventional agents, barbiturates, 
and newer AEDs with low association with depression compared to those in 
patients not currently prescribed AEDs. A retrospective database analysis of 2.15 
million military veterans over the age of 65 years reported that taking AEDs was 
associated with an increased hazard of suicidal behavior (HR 4.10, 95% CI 3.85— 
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6.63). Gabapentin, lamotrigine, levetiracetam, phenytoin, topiramate, and 
valproic acid were all significantly associated with suicidal behavior in this study. 
Another study of 449,269 veterans older than 65 years of age who were prescribed 
AEDs did not find an increased risk of suicidal behaviors associated with AED 
use; however, there was a trend toward an increase in suicidal behavior in patients 
who were taking levetiracetam or lamotrigine (OR 10.2, 95% CI 1.1-97).4 A 
consensus statement of the World Psychiatric Association section of 
pharmacopsychiatry declined to identify suicidal behavior as a class effect.4° An 
expert consensus statement from the International League Against Epilepsy stated 
that depression was associated with barbiturates, tiagabine, topiramate, vigabatrin, 
and zonisamide.*® This panel further stated that withholding AED therapy to 
prevent depression and suicidality can also be harmful, even resulting in patient 
death. 


Of the AEDs, the barbiturates are most strongly associated with depression in 
both adult and pediatric populations.*’~° In one cross-sectional sample of adult 
patients in Mexico City, primidone use was strongly associated with depression, 
with an odds ratio of 4.089 (95% CI 2.094—7.985). In this sample, 70% of the 
patients treated with primidone were depressed.*” In another study, phenobarbital 
was associated with an incidence of depression of 40%.*” Data relating phenytoin 
use to depression are much less convincing. There are case reports of two patients 
with epilepsy with supratherapeutic serum phenytoin concentrations (22.7 mcg/mL 
and 25.5 mcg/mL) who had depressive symptoms. When the phenytoin dose was 
decreased or the medication was discontinued, the symptoms resolved.?! A 
prospective study of 277 patients in whom tiagabine or placebo was added to 
baseline AED therapy found depression in 3% of those treated with tiagabine.~* 
Topiramate treatment has been associated with new-onset depression in 5—10% of 
patients.-> Pooled data analysis of perampanel trials found one case of suicidal 
ideation; 2.4% of patients taking 12 mg/day reporting depression, compared to 
1.6% of patients given placebo (no statistical analysis performed).°* Depression 
was reported in 4% of levetiracetam-treated patients compared to 2% treated with 
placebo.°> Levetiracetam has been implicated as a cause of depression in a 
prospective study, a retrospective case series, and an additional case report.°©>® In 
a prospective study of 71 treatment-refractory epilepsy patients administered 
levetiracetam, there was no mean change in the Beck’s Depression Inventory (BDI) 
score from baseline to week 24.°? However, five patients discontinued treatment 
due to psychiatric symptoms, of whom four had suicidal ideation. Vigabatrin- 
associated depression occurred in 12.1% of patients treated in double-blind, 
placebo-controlled clinical trials (p <0.001).© In a small, prospective study (n = 
23) of patients with previous psychiatric diagnoses who were prescribed 
zonisamide, one patient developed major depressive disorder.®! Pregabalin has 
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also been associated with depression in case reports.°~°? Two cases of depression 
activation in patients with bipolar disorder have been reported in association with 
rufinamide.™ 

Depression often is cited as an adverse effect of benzodiazepines, both during 
therapy and after discontinuation. However, the literature supporting incident 
depression in patients taking benzodiazepines is not robust, and depression is 
reported infrequently in controlled clinical trials. Case reports and observational 
studies have identified an increased risk of depression in patients taking 
benzodiazepines.’ These reports, however, do not control for confounding 
variables, such as history of depression, presence of comorbid depression, or 
concomitant medications, and are therefore difficult to interpret. One large cohort 
study of 8,211 patients found a relationship between benzodiazepine use and 
depressive symptoms and suicidality.*! However, when results were adjusted for 
comorbid psychiatric conditions, including depression and anxiety, there was no 
association between benzodiazepine use and suicidal ideation. A prospective 
trajectory study conducted in 2,590 patients found increasing depression associated 
with baseline benzodiazepine use.’”? In an historical cohort of 58,967 people, an 
association between benzodiazepine use and severe anxiety, depression, and poor 
sleep outcomes was found.’! In another study, the CES-D 10 was administered to 
1,331 people age >65 years, of whom 288 (21.6%) had type 2 diabetes mellitus.’ 
The investigators found an increased odds of depression in those using 
benzodiazepines or nonbenzodiazepine hypnotics compared to nonusers (OR 1.66, 
95% CI 1.10—2.51). Depression and anxiety are highly comorbid syndromes, and 
the emergence of depression during benzodiazepine therapy may occur from a 
relapse or as a coincidental finding. Moreover, alprazolam administered in higher 
doses has been shown to have an antidepressant effect. 

Antidepressant medications are associated with an increased risk of suicidality 
in patients younger than 25 years of age.” Pooled analyses of 24 short-term 
placebo-controlled antidepressant trials in over 4,400 children and adolescents 
with MDD, obsessive—compulsive disorder, or other psychiatric disorders 
revealed that these drugs increase the risk of suicidality, although no suicides were 
reported. Antidepressant use in patients younger than 18 years of age resulted in an 
additional 14 cases of suicidality per 1,000 patients treated. A pooled analysis of 
295 short-term placebo-controlled studies of antidepressants in over 77,000 adults 
aged 18-24 years with MDD or other psychiatric disorders showed an additional 
five cases of suicidality per 1,000 patients treated. There was no increased risk in 
adults aged 25—64 years, and there was a reduced risk in adults 65 years and older 
(six fewer cases per 1,000 patients). All antidepressant medications, including 
antipsychotics with an FDA indication for MDD or bipolar depression (e.g., 
aripiprazole and quetiapine, lurasidone), have a boxed warning for suicidality in 
the product information. Suicidality is an inherent risk in patients with major 
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depression and should be considered when balancing the potential risks and 
benefits of antidepressant therapy in all age groups. 


Only a single published epidemiologic study exists to implicate the 
antimigraine agents, triptans, as causative agents for depression. A cohort analysis 
of the West Midlands General Practice Research Database in the United Kingdom 
(UK) examined the incidence of depression in migraineurs receiving any oral 
triptan, sumatriptan, or the more lipophilic agents in this class (naratriptan or 
zolmitriptan).’> A larger proportion of the 1,062 patients (23.2%) receiving any 
oral triptan were diagnosed with depression, as compared with 16.8% of 18,033 
patients not receiving an oral triptan (p <0.001). No difference in the number of 
patients diagnosed with depression after their first prescription was found between 
those receiving sumatriptan (4.2%) and those receiving naratriptan or zolmitriptan 
(3.9%, p = 0.87). 

Physostigmine was associated with immediate depressive symptoms in nine 
normal volunteers administered high intravenous doses.’ Whether the results of 
this study apply to patients with myasthenia gravis who take oral physostigmine is 
unknown. Sodium oxybate has been associated with depression, suicidal ideation, 
and suicide in controlled and uncontrolled clinical trials for sleep disorders as 
well as in postmarketing case reports.’ In a 12-month open-label study, 
depression was reported in 10% of patients.’”” Tetrabenazine is associated with 
new onset or worsening depression in up to 15% of patients treated for chorea or 
other movement disorders.*? 

In placebo-controlled trials of 4,400 patients, varenicline was associated with 
a higher risk of depression than placebo.*! However, patients with a history of 
psychiatric disorders were excluded from these trials. A postmarketing analysis of 
the FDA Adverse Event Reporting System found increased odds of suicidal/self- 
injurious behavior or depression associated with varenicline treatment compared to 
nicotine replacement therapy (OR 8.4, 95% CI 6.8-10.4).®! Although smoking 
cessation may be associated with nicotine withdrawal symptoms including 
depression and agitation, there appears to be an increased risk of these symptoms 
associated with varenicline, because some of these cases occurred while patients 
were still smoking.’!** Several large cohort trials have been conducted to help 
clarify risks associated with varenicline. A large cross-sectional database study of 
12,159 patients who were prescribed varenicline was performed, in which 
questionnaires were sent to participants’ primary care physicians to ascertain 
adverse effects.*? There were 103 reports of depression occurring during treatment 
(1%); there was no control group in this study. A retrospective cohort study of 
35,800 individuals in the Department of Defense database did not reveal an 
increased incidence of depression associated with varenicline compared to 
nicotine replacement therapy.** An additional cohort study in the UK also did not 
find evidence of increased self-harm, suicidal ideation, or initiation of 
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antidepressant therapy in patients taking varenicline.*° A New Zealand cohort study 
of 3,415 patients prescribed varenicline reported new or worsening depression in 
2.98%.°° In another large retrospective cohort of 164,766 patients the hazards of 
new depression actually decreased in association with varenicline.*’ Two 
prospective, randomized, placebo-controlled studies of varenicline have been 
performed. In 525 smokers with a past or current history of depression, the 
incidence of depression associated with varenicline was similar to that of 
placebo.** A much larger study (n = 8144) was conducted in patients with and 
without pre-existing psychiatric conditions. Patients were assigned to receive 
therapy with a nicotine patch, varenicline, or bupropion. There was a larger 
incidence of psychiatric adverse effects in the psychiatric cohort than the 
nonpsychiatric cohort (5.8% versus 2.1%, p <0.001) but no difference between the 
treatment groups, either overall or within the cohorts.®” It appears that the incidence 
of depression with varenicline is low; however, the FDA requires warnings about 
depression in the product information for this drug. 


HORMONAL AGENTS 


The prevalence of drug-induced depression associated with hormonal agents ranges 
from 1% to 54%. Agents that affect sex-steroid hormone production appear to be 
associated with significant risks for inducing depression. Gonadotropin-releasing 
hormone (GnRH) agonists induce a profoundly hypoestrogenic state and are 
associated with significant depressive symptoms in approximately 50% of 
patients.”°-> Tamoxifen, an antiestrogenic agent, does not appear to confer the same 
risk. Depression as an adverse effect of tamoxifen was not supported by early 
placebo-controlled trials in patients with breast cancer.?° However, several 
published reports suggest that depression may occur in up to 15—20% of tamoxifen- 
treated patients with breast cancer and that it is often overlooked or erroneously 
attributed to the illness.?”°? These reports do not control for confounding factors, 
such as the effects of the illness, diagnosis, or adverse effects of chemotherapy, and 
may overestimate the incidence of tamoxifen-induced depression. The Breast 
Cancer Prevention (P-1) Study of the National Surgical Adjuvant Breast and Bowel 
Project provided additional controlled data regarding the association between 
tamoxifen and depression.!°? The P-1 study was a multicenter randomized, double- 
blind, placebo-controlled chemoprevention trial in which 11,064 women were 
assigned to receive tamoxifen or placebo for 5 years. The frequency of depression, 
as assessed by the CES-D, was similar in both groups during the first 36 months of 
the trial. The presence of risk factors at baseline including history of depression, 
current or previous treatment with an antidepressant, or extended periods of 
dysphoric mood (212 months) was associated with significant depressive 
symptoms regardless of treatment arm.!0! 
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Aromatase inhibitors (anastrozole, letrozole, exemestane) have been commonly 
associated with depression in clinical trials for treatment of breast cancer.!” In a 
retrospective cohort study from the National Health Insurance Research Database 
in Taiwan, 35,586 breast cancer survivors receiving adjuvant therapy were 
observed for up to 6 years to determine the incidence of new onset depression. !°° 
Overall, 3.67% of the population were diagnosed with depression. Both tamoxifen 
(adjusted HR 1.45, 95% CI 1.11—1.91) and aromatase inhibitors (HR 1.36, 95% CI 
1.19-1.55) were identified as independent risk factors for developing a depressive 
disorder. 


Although depression is the most commonly cited reason for discontinuing 
therapy with oral contraceptives (OCs), the literature does not provide 
overwhelming evidence of significant OC-induced depression.'** The Royal 
College of General Practitioners’ Oral Contraception Study reported that 
depression occurred at a rate of 70 per 1,000 person-years in women taking OCs. 
This is similar to the expected rate of affective disorders in females in the U.S.- 
based Epidemiologic Catchment Area studies.'*> Moreover, the rate of depression 
in women receiving low-dose estrogen (<35 mcg) was similar to that observed in 
the control group, suggesting that commonly used low-dose preparations do not 
carry an increased risk of depression. More recent evaluations have focused on 
affective changes rather than on identifying a depressive syndrome or disorder. A 
review of 13 controlled, prospective studies evaluated affective changes during OC 
treatment and concluded that women taking OCs experience less variability in 
affect across the menstrual cycle and less negative affect during the time of 
menstruation. !°° 


Finasteride, a competitive inhibitor of 5 o-reductase that inhibits peripheral 
conversion of testosterone to dihydrotestosterone, is associated with treatment- 
emergent depression, although the prevalence is unknown. In a prospective study of 
128 men initiated on finasteride for androgenic alopecia, depressive symptoms as 
measured by the BDI were noted during the first 2 months of treatment. However, 
this change was clinically insignificant, and no patient reported more than mild 
symptoms.!°° A case-control study demonstrated that 61 men who formerly used 
finasteride and experienced persistent sexual adverse effects had higher rates of 
depression and suicidal thoughts than a control group receiving no treatment for 
male pattern baldness. Depression, measured with the BDI-II, was present in 75% 
of former finasteride users versus 10% of controls and suicidal thoughts were 
present in 44% versus 3%.!°7 The rate of depression may have been increased in 
relation with the presence of sexual side effects. 

Drugs that affect the hypothalamic-pituitary-adrenal (HPA) axis are associated 
with depression. Corticosteroids have been associated with significant psychiatric 


adverse effects, including depression, mania, and psychosis.!°° The occurrence of 
severe depression in patients taking corticosteroids is supported by case 
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reports, 109.110 Data from case series, observational studies, and controlled trials 
also support an association with depression. However, many of these reports fail to 
quantify the prevalence of significant depressive symptoms.!°°!!!-!? The largest 
observational study, the Boston Collaborative Drug Surveillance Program, found 
that severe psychiatric symptoms, including depression, were relatively uncommon 
(1.3%) in patients without a psychiatric history who were taking low doses of 
corticosteroids (<40 mg/day prednisone equivalents).!!* However, the incidence 
increased to 18% in patients taking >80 mg/day prednisone equivalents. A cross- 
sectional study in patients with chronic obstructive pulmonary disease reported 
significantly higher self-reported depression scores in the corticosteroid-using 
group compared with patients who were not taking corticosteroids.!"! Furthermore, 
in a short-term prospective cohort study of medical inpatients, corticosteroid 
exposure was associated with a threefold increased risk of incident depressive 
symptoms. !!4 


IMMUNOLOGIC AGENTS 


Several medications used in immunotherapy and cancer chemotherapy, including 
interferon alfa (INFa), interferon beta (INF), tumor necrosis factor alpha (TNFa) 
inhibitors, and interleukin (IL)-2, are associated with depression. In addition, the 
immunosuppressant agent mycophenolate was reported to cause depression in a 
patient using the drug for myasthenia gravis.!!? Multiple INFas are available: 
recombinant INFa-2a; recombinant INFa-2b; INFo-n3, a mixture of at least 15 
different INF subtypes produced from human leukocytes; peginterferon alfa-2a, a 
combination of recombinant INFo-2a and an inert 40kD polyethylene glycol 
polymer; peginterferon alfa-2b, a combination of recombinant INFa-2b and an inert 
12-kD polyethylene glycol polymer; and INF alfacon-1 (consensus INF), a 
recombinant synthetic product. Depression has been reported in association with 
each type of INFa.!!*!74 Several trials investigating the relationship between 
depression and the various INFas have been conducted, with treatment-emergent 
depression reported in 16-96% of patients.!!*!4> Although none of these trials 
were placebo-controlled, many used standardized instruments to assess depression. 
One study examined the effect of INFa over time and found decreased numbers of 
patients with depression after 6 months of therapy (8—33%) as compared with 1 
month (79-96%, p = 0.03).!!8 


Two INFfs are available in the United States for treatment of multiple 
sclerosis: INFf-la (intramuscular or subcutaneous injection) and INFB-1b for 
subcutaneous administration. Peginterferon beta-la is also available. The data 
regarding INFf-precipitated depression are less clear than those for depression 
induced by INFa. Two controlled trials suggest an increased risk of depression 
associated with INFB-la, with incidences ranging from 20% to 33%.!7°.!2° Two 
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other studies of INFB-1la, have not revealed an increased incidence of depression 
compared with that associated with placebo.!*”!?8 Only one trial compared two 
commercially available formulations of INFB-la. The Evidence for Interferon 
Dose-Effect: European-North American Comparative Efficacy study assigned 677 
patients receiving either INFB-la 44 mcg subcutaneously three times weekly or 
INFB-la 30 mcg intramuscularly weekly for 24 weeks.!*? No difference in the 
incidence of depression between the two treatment groups was reported (17% 
versus 18%, respectively). 


A long-term seminal trial of INFB-1b demonstrated higher rates of depression 
associated with the clinically used 8 million international units dose compared with 
those associated with placebo at each yearly timepoint.'°° Two trials have been 
conducted with the objective of assessing rates of depression associated with 
INFB-1b. One study reported depression in a mean (+SD) 13 + 4% of patients, 
although no formal testing for depression was performed.'*! Another small study 
found a decreasing rate of reported depression over the 1-year study period, from 
21.4% of patients at baseline to 6.3% of patients at 12 months.!3* Only one study 
comparing two INF products examined depressive symptoms. The Independent 
Comparison of Interferon trial noted depression in 18 of 88 (22%) of patients 
administered INFB-1la 30 mcg intramuscularly weekly and in 18 of 94 (19%) who 
received INFB-1b 8 mcg subcutaneously every other day (p = 0.68).)°> A 
prospective cohort of 182 patients initiated on any INFP treatment was 
administered the Hamilton Rating Scale for Depression and the BDI at baseline and 
after a mean treatment duration of 65.6 months. There was no increase in the 
number of patients demonstrating depression over this time.'°* A Canadian 
database analysis of antidepressant prescription claims for patients with multiple 
sclerosis failed to detect a significant difference in the percentage of patients 
receiving antidepressant prescriptions between those treated with INF and those 
who received glatiramer acetate. However, the proportion of patients in all cohorts 
receiving antidepressant medications was high (40%).!*° An Internet-based survey 
of 2,457 patients with multiple sclerosis collected self-reported information and 
administered the Patient Health Questionnaire depression module short version to 
participants.'*° Compared to those who were on no therapy, the risk of depression 
was higher in patients taking INFB (OR 1.47, 95% CI 1.07—2.02). 

TNFa inhibitors have been reported to cause depression. Case reports of 
worsening depression and suicidal behavior in patients taking adalimumab, 
etanercept, infliximab, and ustekinumab have been published.!?”!4° In one very 
small study of 16 patients with ankylosing spondylitis, the number of patients with 
depression as measured by the Hospital Anxiety and Depression Scale (HADS) 
and the BDI decreased with ongoing treatment.!*! Similarly, in a study of 92 
patients with Crohn disease, infliximab therapy was associated with a decreased 
incidence of depression as measured by the HADS.!4? 
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IL-2 has been reported to cause depression. In two studies of patients with 
metastatic carcinoma, those administered IL-2 were significantly more likely to 
have depression than those not receiving IL-2 therapy.'**!“4 The association 
between other cancer chemotherapy agents and depression is more tenuous. One 
trial examined two regimens for the treatment of small-cell lung carcinoma in 77 
patients.'** Regimen 1 consisted of methotrexate, doxorubicin, lomustine, and 
cyclophosphamide. Regimen 2 comprised cyclophosphamide, doxorubicin, 
vincristine, and lomustine. Patients were tested with the Profile of Mood States 
rating scale at baseline and after completion of therapy. Increased depression 
ratings following therapy were reported in 30% (not statistically significant 
compared with baseline) of those receiving regimen | and 48% (p = 0.03 
compared with baseline) of those receiving regimen 2. The authors speculated that 
the increased depression rating scores in patients who received regimen 2 may be 
attributable to vincristine. A case report also implicates vincristine as a cause of 
depression.'*° A patient treated for acute myoblastic leukemia who received 
vincristine 10 mg instead of 1 mg experienced severe depression with 
uncontrollable crying. The symptoms dissipated over a 3-week period following 
the overdose. 


RETINOIC ACID DERIVATIVES 


Several literature sources suggest a possible association between isotretinoin and 
depression. There have been a relatively large number of reports of isotretinoin and 
serious depression submitted to the FDA, documenting a temporal relationship 
between isotretinoin use and onset or worsening of depression.!*’ In addition, 
cases of positive dechallenge with discontinuation of isotretinoin therapy and 
initiation of psychiatric treatment and positive rechallenge have been reported.!4* 
'50 These reports have led to several types of trials examining the potential link 
between isotretinoin use and depression; however, no randomized, controlled 
studies have been performed. Conflicting reports from retrospective studies found 
either a relative risk of 2.68 (95% CI 1.10—6.48) for depression associated with 
isotretinoin use or no increased risk of depression or suicide.!*!:!>? Several 
prospective studies have assessed patients prescribed isotretinoin using various 
depression scales. These trials enrolled between 33 and 126 patients. Although 
some studies reported significant worsening in depression scores over time with 
isotretinoin, others saw no change in depression, and others demonstrated 
statistically significant improvements in mood.!°>-! Four prospective, controlled 
studies have been performed comparing isotretinoin to other treatments. In the first 
prospective, case-controlled study, 100 patients treated with isotretinoin were 
compared to 100 patients treated with topical acne cream or oral antibiotics.!°! 
This study used two depression scales and collected information on the severity of 
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acne, social support, stress, and family history as potential confounders. 
Depression developed in two patients treated with isotretinoin, but the difference 
between the two groups was not statistically significant.'°! A second prospective, 
controlled study administered isotretinoin | mg/kg/day or vitamin C to 46 
patients.!©* There was no difference between the groups in scores on the BDI. The 
third prospective, controlled study compared 75 patients administered isotretinoin 
to those treated with topical antibiotics or retinoids.!©? The HADS and BDI were 
administered at baseline, month two, and month four following initiation of therapy. 
Improvement in mood occurred over time. The fourth prospective, controlled study 
included 190 patients in three arms: one group treated with isotretinoin, one group 
administered antibiotics with or without a topical cream, and the third group 
included individuals of similar age who did not have acne.'©* Compared with 
baseline, there was no difference in CES-D scores after 6 months of treatment. It 
should be noted that prospective trials have been underpowered to detect changes 
in depression risk if the true incidence is low. Despite the lack of consensus in the 
literature, the product labeling for isotretinoin contains a warning about depression 
and other neuropsychiatric effects. Therefore, many healthcare providers prescribe 
isotretinoin with caution and consider depression a substantial risk associated with 
this drug.!®© 

Several other drugs not discussed above have been implicated in causing 
depression in postmarketing case reports, but a causal association has not been 
established. These include 3-hydroxy-3-methylglutaryl coenzyme A reductase 
inhibitors (statins), histamine, receptor blockers, amiodarone, nonsteroidal anti- 
inflammatory drugs, metoclopramide, ondansetron, psychostimulants, and 
monteleukast.!©°!52 


MECHANISMS 


Drug-induced depression occurs through several mechanisms, including direct 
alteration of bioamine function, disturbance of HPA axis function, dramatic 
hormonal changes, and elevation of cytokine production (Table 18-2). 


Table 18-2 Mechanisms of Drug-Induced Depression 


Drug Mechanism 

Clonidine Reduces norepinephrine output via a-adrenergic receptor agonism 
Cortisone Elevates plasma cortisol concentrations 

Digitalis Inhibits central nervous system synthesis of norepinephrine 
Efavirenz Increases proinflammatory cytokines IL-18 and TNFaa 


689 


Guanethidine Depletes neuronal norepinephrine 

INFa Increases interleukin-6 production 

Isotretinoin Alters dopaminergic, serotonin, and possibly norepinephrine systems 
Leuprolide Reduces both estrogen and androgen production 

Methyldopa Partial agonism of norepinephrine receptor 

Phenobarbital Reduces plasma unbound tryptophan, which influences serotonin 
Reserpine Depletes neuronal norepinephrine, serotonin, and dopamine 
Tamoxifen Reduces estrogen function via antagonism of estrogen receptors 
Tetrabenazine Depletes neuronal norepinephrine, serotonin, and dopamine 
Tiagabine GABA modulation 

Topiramate GABA modulation 

Vincristine Prevents the conversion of dopamine to norepinephrine 
Varenicline a4B2-nicotinic receptor agonist, indirectly modulates dopamine 


GABA = gamma-aminobutyric acid, IL = interleukin, INF = interferon, TNF = tumor necrosis factor. 
aAnimal data. 


The antihypertensive agents reserpine, guanethidine, and methyldopa all induce 
depression likely by depleting CNS bioamine activity.'*° Guanethidine and 
reserpine deplete norepinephrine at the synapse. Methyldopa is transformed into a- 
methyl norepinephrine, which is less active than norepinephrine and replaces it at 
the sympathetic nerve endings, thus acting as a false neurotransmitter. 
Tetrabenazine, a monoamine depleter used for hyperkinetic movement disorders, 
depletes central norepinephrine, dopamine and serotonin.®? Notably, the 
norepinephrine depletion caused by reserpine generated one of the early theories of 
the pathogenesis of depression (e.g., the monoamine hypothesis).!%°!8’ Clonidine 
also reduces central norepinephrine output via stimulation of o,-adrenergic 


receptors. = 


The mechanism of digoxin-induced depression is unknown, although alteration 
of CNS norepinephrine synthesis is suspected. In animal models, digitalis has been 
shown to inhibit CNS synthesis of norepinephrine and to decrease norepinephrine 
uptake by CNS tissue, with an apparent overall activation of CNS noradrenergic 
function. Altered activity of CNS dopaminergic and serotonergic systems also has 
been demonstrated, particularly in association with high digitalis doses.*° 
Similarly, the mechanism of isotretinoin-induced depression is not clear, but animal 
studies suggest alterations in the dopaminergic, serotonin, and possibly 
norepinephrine systems. !°4)!8° 


GnRH agonists induce a hypogonadal state, resulting in a significant reduction 
in both estrogen and androgen production. Significant fluctuation in serum estrogen 
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concentrations and low estrogenic states have been associated with substantial 
mood symptoms in patients with premenstrual dysphoric disorder and during 
menopause. The significant decline in estrogen production associated with GnRH 
agonist therapy is believed to be the cause of depressive symptoms in these 
patients. Estrogen may affect mood in several ways, such as by increasing the 
availability of neurotransmitters, including serotonin, through enhancement of the 
degradation of monoamine oxidase.!”? Estrogen modulates serotonin in other ways, 
including regulation of tryptophan, a serotonin precursor, and increasing the number 
of serotonin transport sites.!?! Tamoxifen, an estradiol receptor antagonist, also 
may produce depressive symptoms caused by a decline in estrogen function. 
However, raloxifene, a selective estradiol receptor antagonist without CNS 
activity, does not appear to induce depression. !? 


A number of mechanisms have been proposed regarding the mood effects of 
OCs. Estrogen may induce pyridoxine deficiency resulting in a decrease in 
serotonin and gamma-aminobutyric acid (GABA) concentrations in the CNS.!” 
Other possible mechanisms include estrogen- and progesterone-mediated 
augmentation of GABA’s inhibition and suppression of glutamate, and 
progesterone-mediated increase in monoamine oxidase activity. !* 


Corticosteroids are believed to induce mood symptoms by elevating plasma 
cortisol concentrations. Patients with Cushing syndrome have been reported to have 
high rates of depressive symptoms.!*> Moreover, abnormalities of the HPA axis due 
to hypercortisolemia are found in patients with MDD.!*° However, corticosteroids 
are as likely to induce mania as depression, suggesting a complex interaction.!°” 


The mechanism of AED-induced depression likely involves GABA, an 
inhibitory neurotransmitter, alterations in serotonin activity, or a combination of 
these effects. Some evidence suggests that antidepressant agents enhance activity at 
GABA-B receptors and decrease activity at GABA-A receptors.!*’ Therefore, 
agents that primarily act at the GABA-A receptors (phenobarbital, tiagabine, or 
topiramate) or that indiscriminately increase the amount of GABA available to both 
receptors (tiagabine) may be associated with greater potential for inducing 
depression. Both phenobarbital and phenytoin reduce unbound plasma tryptophan 
concentrations, which influences serotonin turnover.!** In addition, the enzyme- 
inducing AEDs can cause a folate deficiency. Decreases in plasma _ folate 
concentrations may reduce methylation reactions involving neurotransmitters and 
monoamines, which may be implicated in depression induction.!” 


Mechanisms of depression caused by the immunologic agents have not been 
elucidated completely. Most work in this area has been conducted with INFa, and 
several mechanisms have been proposed that may be applicable to INFB and IL-2. 
INFo induces the production of proinflammatory cytokines, such as IL-6, which 


may lead to depression.'!? An increase in the Montgomery—Asberg Depression 
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Rating Scale (MADRS) scores was significantly and positively correlated with 
increases in serum IL-6 concentrations.'!* INFa increases serotonin transporter 
messenger ribonucleic acid and uptake activity, reduces serotonin concentrations in 
brain or serum, and induces the catabolism of tryptophan.!!? The net effect of these 
alterations in the serotonin system is to decrease the amount of serotonin at the 
active receptor sites and potentiate depression. INFa administration is also 
associated with HPA activation,which has been associated with depression and 
with increases in serum IL-6 concentrations.!!?2.2°! Thus, it is unclear 
mechanistically why anti-TNF monoclonal antibodies might cause depression.!*! In 
fact, infliximab has been studied to relieve treatment-resistant depression,” 
particularly in patients with elevated baseline inflammatory biomarkers.* 
Depletion of tryptophan, the amino acid precursor to serotonin, caused by INFa 
administration has also been hypothesized.2°* Polymorphisms of the allele coding 
for the 5-HT,, receptor have also been implicated in the development of INFa- 
induced depression.2"*?" Efavirenz has been shown in rat models to increase 
concentrations of pro-inflammatory cytokines IL-1 and TNFa, which may be 
linked to depression.2”° 

Vinca alkaloids inhibit the transport of dopamine hydroxylase, thereby 
preventing the conversion of dopamine to norepinephrine,!*° possibly resulting in 
depression. The mechanism of varenicline-induced depression is unknown, but the 
partial a4-B5-nicotinic receptor agonist indirectly modulates dopamine,?”’ which 
may in turn modulate mood. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The key feature of diagnosis is the temporal association between the development 
of depressive symptoms and the use of a causative drug. The disturbance of mood 
or presence of depression should be severe enough to result in impairment of daily 
function. In addition, the clinician must rule out the possibility of pre-existing 
depression and the influence of the disease state being treated, particularly 
psychological stressors. 


Symptoms associated with drug-induced depression (Table 18-3) are similar to 
those observed in patients with MDD, with few exceptions. More severe symptoms 
including suicidal ideation and psychosis have been reported in association with 
INFa, corticosteroids, and varenicline.®*!0!!3-!0 With most agents, the onset of 
depression generally occurs during the first weeks of treatment. The median onset 
of symptoms in FDA-reported cases of isotretinoin-associated depression during 
the first course of therapy was 30 days, and the median recovery time was 4.5 
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days.'°° During the rechallenge course, the time to onset of symptoms was 
shorter.2°° In patients treated with GnRH agonists, the onset of depressive 
symptoms is consistent with the time to reach a hypogonadal state.”??! When the 
hypogonadal state is of short duration, as with in vitro fertilization treatment, 
depressive symptoms are transient and less severe.” During sustained treatment for 
endometriosis, depressive symptoms appear to be persistent and generally more 
severe, sometimes resulting in the need for discontinuation of treatment.?%?°7 
Drug-induced suicidality is temporally associated with initiation of treatment and 
represents a marked change in thoughts and behavior from baseline.’ Suicidality 
associated with anticonvulsants and antidepressants occurs early in treatment, and 
must be distinguished from the underlying mood disorder for which they were 
prescribed. 


Table 18-3 Signs and Symptoms Associated with Drug-Induced 


Depression 





* Depressed mood 

¢ Diminished interest or pleasure in most activities 
* Sleep changes (insomnia or hypersomnia) 

¢ Appetite increase or decrease 

* Hopelessness/helplessness 

¢ Suicidal ideation 

* Fatigue 

¢ Diminished ability to concentrate 

* Psychomotor agitation or retardation 


Conditions and diseases associated with depression must be ruled out to arrive 
at a diagnosis of drug-induced depression (Table 18-4). The incidence of 
depression in patients with epilepsy ranges from 4% to 62%, depending on the 
method of diagnosis and the population studied.7!°7'4 One study found that patients 
with hypertension were three times more likely to have depression than 
normotensive patients.7!* Many chronic health conditions for which immunologic 
agents are used have been associated with high rates of depression. The prevalence 
of depression in patients with chronic hepatitis C is 11-30%, while the prevalence 
of depression in patients with cancer is 28%.7!>7!4 Multiple sclerosis is also 
associated with a 15-30% point prevalence of depression and a lifetime 
depression incidence of 40—60%.*!> Fatigue, a symptom common to all of the 
disease states in this category, often can be confused with depression. 
Alternatively, depression may be underdiagnosed because of the expectation that 
patients will present with fatigue. Other conditions that may cause misdiagnosis of 
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depression include hyperthyroidism or hypothyroidism and unrealistic expectations, 
leading to discouragement and frustration.*!© 


Table 18-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Depression 


¢ Substance-use disorder 
* Pre-existing mood disorder 
* General medical conditions 
o Endocrine (e.g., diabetes, hypothyroidism) 
o Infections, human immunodeficiency virus 
o Anemia, folate deficiency 
o Collagen disorders (e.g., systemic lupus erythematosus, scleroderma, rheumatoid arthritis) 
* Neurologic disorders (e.g., epilepsy, multiple sclerosis, Parkinson disease) 
* Cardiovascular and respiratory disease 
* Malignant disease 





RISK FACTORS 


Female sex, family history of mood disorder, childhood abuse, anxiety disorders, 
sleep disorders, and neurologic disorders are known risk factors for MDD.! It is 
unclear, however, whether these factors also increase the risk of drug-induced 
depression. Much of the literature regarding drug-induced depression arises from 
case reports, database evaluations, and observational studies, which are not 
designed to identify risk factors. Factors that appear to increase the risk of drug- 
induced depression are listed in Table 18-5. 








Table 18-5 Risk Factors for Drug-Induced Depression 


Risk factors common to all drugs 


¢ History of major depressive disorder or prior depression episode 
¢ History of drug-induced depression 
¢ Psychosocial stressors (e.g., financial, relationship, or job stress) 


Risk factors associated with specific drugs 


* Corticosteroids 
o Dose (>80 mg/day prednisone equivalents) 
¢ Efavirenz 
o Plasma concentrations >2.74 mcg/mL during long-term treatment 
¢ Topiramate 
Dose (higher starting dose of 50 mg/day, titration of 50 mg/day every 2 weeks) 
o Temporal-lobe epilepsy with hippocampal sclerosis 
o Presence of cognitive adverse effects 
o Family history of epilepsy 


° 
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o History of febrile seizures 
* INFa 

o Homozygous for the HTRIA-1019G allele 

o Increased immune activation (e.g., ncreased soluble IL-2 receptor, IL-6, and IL-10 serum 

concentrations) prior to treatment for hepatitis C 

* Oral contraceptives 
History of premenstrual depression or pregnancy-related depression 
History of dysmenorrhea 
Family history of depression while taking oral contraceptives 
Predisposition to vitamin Bg deficiency 
High degree of psychological distress prior to oral contraceptive use 
Age <20 years experience negative affect more often 
o High estrogen/progesterone content 


ooo 8OUCmOUO8 


HTRIA = 5-hydroxytryptamine receptor 1A, IL = interleukin, INF = interferon. 


A history of depression or another psychiatric disorder is the most consistently 
identified risk factor for depression associated with most of the causative drugs. In 
addition, the presence of psychological stressors has been noted to increase the 
risk. Although increased stress may be expected in patients with serious medical 
illnesses, it is unclear whether increased stress increases the risk of depression 
associated with drugs such as immunologic or cancer chemotherapy agents. Patients 


with a history of drug-induced depression are likely to be at greater risk upon 


repeated exposures.”° 


Dose may be an important risk factor for depression associated with some 
drugs. Depression is more likely to occur when higher doses of corticosteroids are 
used (>80 mg/day prednisone equivalents).!!* It is unclear whether multiple 
courses of corticosteroids increase the risk of depression. However, patients with a 
history of corticosteroid-induced depression should be monitored closely. 
Likewise, OCs with higher estrogen content are more commonly associated with 
depression. Some open-label data suggest that the risk of neuropsychiatric adverse 
effects associated with long-term treatment (>6 months) with efavirenz were more 
than five times greater in patients with plasma efavirenz concentrations >2.74 
meg/mL.7!’ One case of levetiracetam-induced depression was likely dose- 
associated.*!* A small study that compared low- and high-dose INFa also showed 
increased rates of depression with the higher dose. !?° 


A prospective, cross-sectional study determined a gene association with 
depression induced by isotretinoin. The T allele at the 7s9303285 gene encoding 
the retinoic acid receptor alpha was linked to an approximately 40% risk of 
isotretinoin-associated depression. !*4 


Several factors have been associated with an increased risk of treatment of 
emergent depression or negative affect in patients taking OCs (Table 18-5). 
Whereas the overall risk for depression caused by these drugs is considered low, 
patients presenting with any of these factors should be considered at greater risk. 
The risk may vary with the type of OC used. Monophasic OCs exert greater mood- 
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stabilizing effects than triphasic products. In addition, patients with premenstrual 
mood symptoms may have an increased risk of negative mood effects with OCs 
containing low amounts of progesterone or a low progesterone-to-estrogen ratio. 
Women without premenstrual mood symptoms appear to have increased risk with a 
higher progesterone content. !°8 


A retrospective study of patients with temporal lobe epilepsy who were 
initiated on topiramate therapy revealed that those with hippocampal sclerosis in 
association with temporal-lobe epilepsy were significantly more likely to develop 
depression than those without hippocampal sclerosis. Patients without hippocampal 
sclerosis who had cognitive adverse effects such as psychomotor slowing or word- 
finding difficulties associated with topiramate were also more likely to be 
diagnosed with depression.*!? A case series of patients initiated on topiramate 
therapy found that a higher starting dose (50 mg daily) and a faster titration 
schedule (increase of 50 mg/day every 2 weeks) as well as the presence of 
cognitive adverse effects caused by topiramate increased the odds of any 
psychiatric adverse event, including depression. Other related factors were family 
or personal history of psychiatric conditions, family history of epilepsy, and a 
history of febrile convulsions.>? One small study of women with epilepsy found that 
the odds of development of postpartum depression was increased with multiparity 
(OR 12.5, 95% CI 1.9-82.7) and AED polytherapy (OR 9.3, 95% CI 1.5—58).?2° 
However, no specific AED was implicated. One retrospective study of topiramate 
demonstrated a five-fold increased risk of depression in patients who initiated 
treatment with rapid titration.77! 


Risk factors for depression associated with INFa treatment include younger 
age, poor baseline sleep, hepatitis C, and an increase in vegetative symptoms of 
depression on the Zung depression rating scale after 4 weeks of treatment.?77-?7> A 
polymorphism (C1019G) on the allele coding for the 5-HT,, receptor (HTRIA) 


has also been implicated in the development of INFa-induced depression.?°>?7° 


Patients who were homozygous for the HTR1A-1019G allele had an approximate 
threefold increased risk of depression induced by INFa.7”’ The HTRIA receptor is 
the major auto-receptor on the serotonergic raphe neurons. Alterations in this 
receptor can lead to decreased secretion of serotonin. This polymorphism 1s 
relatively common, with approximately 48% of people having at least one C1019G 
allele. This finding may help explain the very common occurrence of depression in 
patients treated with INFa.7°> One small study of 16 patients undergoing treatment 
with various INFa regimens for hepatitis C found that patients with higher levels of 
immune activation as demonstrated by increased soluble IL-2 receptor, IL-6, and 
IL-10 serum concentrations prior to treatment were more likely to have major 
depressive disorder as measured by DMS-IV criteria and the MADRS score.”*° A 
small study of 50 patients with hepatitis C found that the hepatitis C virus genotype 
1 was associated with a 2.1 greater odds of developing INFa-associated 
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depression.””? Conversely, a separate cohort study of 278 patients with hepatitis C 
determined that hepatitis C virus genotype 2 was associated with a higher risk of 
developing depression with INFa. treatment (OR 2.27, 95% CI 1.07—4.78).?72 


The risk for suicidality associated with antidepressants is inversely related to 
age, with patients <18 years at greatest risk, and adults 18—24 years at greater risk 
than older adults (25-64 years).’* Antidepressant selection, dose, or indication do 
not significantly change the risk of suicidality within the stratified age groups. 
Conversely, patients receiving an AED for epilepsy are at greater risk for 
suicidality than patients with psychiatric disorders (OR 3.53, 95% CI 1.28-12.1).” 


MORBIDITY AND MORTALITY 


Drug-induced depression can be associated with significant morbidity and 
mortality. Many drugs associated with depressive symptoms are used to treat 
chronic medical disorders or are components of lifesaving or life-prolonging 
therapeutic regimens. Patients experiencing significant depressive symptoms as a 
result of their treatment may be less likely to adhere to therapy and may be less 
optimistic about potential treatment benefits. Furthermore, the development of 
severe depressive symptoms may necessitate the discontinuation of life-prolonging 
treatments. 


The presence of depression or severe depressive symptoms may increase the 
risk of suicide or suicidal ideation. Although the prevalence of suicide risk in 
patients with drug-induced depression is unknown, up to 15% of patients with 
severe MDD die as a result of suicide.! Moreover, patients with MDD have 
decreased physical, social, and role functioning as well as increased pain and 
physical illness.?*° The risk of suicidality associated with antidepressant treatment 
must be balanced with the much greater risk of suicidality with untreated 
depression. 


PREVENTION 


There is very little information available regarding preventive strategies for drug- 
induced depression. However, some interventions may prove useful (Table 18-6). 
Identifying patients with risk factors (e.g., history of depressive episodes) and 
implementing a prospective screening and monitoring plan seems prudent, but will 
not prevent drug-induced depression. Careful monitoring and early detection may, 
however, minimize the negative sequelae associated with depression. Treating 
psychosocial stressors with interventions such as counseling and education may 
also prove beneficial, but this strategy has not been systematically evaluated. One 
study has examined the role of social support on the development of depression in 
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127 patients with melanoma who were treated with INFa. Those with more social 
support had smaller increases in BDI scores during one year of therapy.”*! 


Table 18-6 Approaches to Help Prevent Drug-Induced 





Depression 


Assess patient for history of depressive episodes or history of drug-induced depression at baseline. /f yes: 
Consider individual risk—benefit of drug therapy 

* Encourage healthy lifestyle behaviors and supportive therapy 

* Pretreat with selective serotonin reuptake inhibitor if undergoing therapy with interferon- or gonadotropin- 
releasing hormone agonist 

* Select alternative drug within therapeutic category, if possible 


Pretreatment or prophylaxis for depressive symptoms may be useful in some 
cases. Sabet-Sharghi reported the successful pretreatment (with lithium and 
protriptyline) of an individual with a history of corticosteroid-induced 
depression.”** In a retrospective review of patients receiving leuprolide for 
treatment of endometriosis, concomitant therapy with sertraline minimized the 
emergence of depressive symptoms.”°? Convincing evidence exists regarding the 
benefits of pretreatment for depression in patients with melanoma receiving INFa. 
Musselman et al.7*° randomly assigned 40 patients with melanoma to receive 
pretreatment with paroxetine (n = 20) or placebo (m = 20) 2 weeks prior to and 
throughout the 12-week INFa regimen. The risk of developing depression was 
lower in the paroxetine group (11% versus 35%, RR 0.24, 95% CI 0.08—0.93) and 
pretreated patients were less likely to discontinue INFa because of depressive 
symptoms (5% versus 35%, RR 0.14, 95% CI 0.05—0.85). Three meta-analyses of 
patients with hepatitis C found that prophylactic administration of selective 
serotonin reuptake inhibitors during INFa treatment reduced the incidence of 
depression compared to placebo.7*+?3° Amantadine, a medication with both 
antiviral and dopaminergic effects, was studied in 14 patients who were treated 
with peginterferon alfa-2a and ribavirin for hepatitis C. Compared with the control 
group, amantadine-treated patients were significantly less likely to develop 
depression by week 24 of treatment.2*”? One small placebo-controlled study in 
patients receiving efavirenz therapy found that HDRS and BDI scores improved in 
patients who received cyproheptadine 8 mg/day for 1 week followed by 12 mg/day 
for 3 weeks.”*® 


MANAGEMENT 


Appropriate management (Table 18-7) of drug-induced depression begins with 
prompt recognition of the emergence of depressive symptoms. In some cases, 
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symptoms may be transient or mild, as in patients receiving GnRH agonist therapy 
as part of in vitro fertilization treatment.?> For many patients, education and support 
may be the only intervention needed. Psychological interventions or psychotherapy 
are beneficial for patients with mild-to-moderate symptoms of MDD, but the 
benefit of psychotherapy in patients with drug-induced depression is unclear. For 
more severe or persistent depressive symptoms, therapy with the offending agent 
will likely have to be discontinued or antidepressant treatment may need to be 
initiated, and in some cases, both strategies are required. Children, adolescents, 
and young adults (18—24 years) receiving antidepressants for depression or other 
psychiatric disorders should be monitored frequently (weekly to biweekly) during 
the first few weeks for treatment-emergent suicidality or worsening of depression. 
The emergence of suicidal ideation or psychotic symptoms should always be 
considered serious, and these patients should receive immediate intervention, 
including hospitalization. 


Table 18-7 Management of Drug-Induced Depression 


Discontinue the offending agent, if possible 
¢ Substitute medication within therapeutic class 
* Counseling or supportive therapy for mild depressive symptoms 
¢ Initiate antidepressant therapy for persistent or moderate-to-severe depressive symptoms 


There are insufficient data to recommend specific doses of antidepressant 
therapy for the treatment of drug-induced depression, although in most reports 
doses similar to those used in patients with idiopathic depression have been 
administered. Duration of therapy should be based on patient response and clinical 
judgment. In cases in which it would be best for a patient to continue to receive 
therapy with the causative agent, clinicians should consider factors such as severity 
of presentation, current mood, and level of psychological stress before deciding to 
discontinue drug therapy. 


Although not always possible, in some cases substituting another medication in 
the same drug or therapeutic class but with a lower risk of causing depression may 
represent the best management strategy. For example, patients experiencing f- 
blocker-induced depression may benefit from receiving a hydrophilic B-blocker or 
an antihypertensive drug from a different class (e.g., ACE inhibitor or diuretic).?*? 
Similarly, patients experiencing OC-induced depression may benefit from an OC 
with a lower estrogen content or different estrogen:progesterone ratio. Patients with 
varenicline-induced neuropsychiatric side effects should be considered for nicotine 
replacement or bupropion for smoking cessation. One prospective, observational 
study substituted nevirapine for efavirenz in 116 patients with neuropsychiatric 
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disturbances. Patients had resultant improvement on the HADS without loss of viral 
suppression.2”” 


No specific treatments have been proposed for depression associated with the 
immunologic agents. Discontinuation of therapy is sometimes considered, but 
remission of depression does not always occur simultaneously with the 
discontinuation of interferon.*! For patients with hepatitis C, selective serotonin 
reuptake inhibitors may be the best choice for management, as they are well 
tolerated by patients with liver disease, whereas tricyclic antidepressants with 
significant anticholinergic effects may increase the cognitive dysfunction that 
occurs in these patients.*!! Gleason et al.*4! conducted a study using citalopram to 
treat depression in patients with hepatitis C. Of the 15 patients participating in the 
trial, four had previously taken INFa and four were currently receiving INFa 
therapy. Citalopram 10-40 mg/day was administered to all patients with a resultant 
improvement in mood. In another study, of 13 patients undergoing therapy with 
INFa who experienced depression, 85% were responsive to treatment with 
citalopram.” Similar results were achieved with citalopram in another study.’ 
Bupropion therapy resulted in remission or improvement in nine of ten patients with 
INFa-associated depression in an open-label study.?*? The authors postulated that 
the response may be due to anti-inflammatory effects of bupropion.2 There are 
case reports of patients with INFa-induced depression who were responsive to 
treatment with methylphenidate or venlafaxine.7>*° 


Selection of specific INFa therapy based on patients’ depressive symptoms has 
been proposed. For patients with suicidal tendencies, INFa-n3 is preferred, while 
INFoa-2a is suggested for patients experiencing depersonalization. Patients with 
paranoia may experience fewer symptoms with INFa-2a or INFa-2b, while those 
patients exhibiting obsessive or compulsive symptoms may improve during 
treatment with INFo-nl.!?? However, these recommendations are based on 
relatively small numbers of patients and the symptoms expressed by those 
individuals require evaluation in a prospective study. Sertraline has proven 
effective for the management of depressive symptoms associated with GnRH 
agonists..?!7!© Lithium, selective serotonin reuptake inhibitors, and 
electroconvulsive therapy have been used to manage corticosteroid-induced 
depression. ! 


There is inherent difficulty in recommending antidepressant therapy for patients 
with epilepsy because of the epileptogenic potential of most antidepressant drugs. 
Bupropion may exert proconvulsant properties in persons without epilepsy, 
particularly in doses >450 mg/day.’*’ Tricyclic antidepressants, particularly 
amoxapine, clomipramine, maprotiline, and mianserin, also may have epileptogenic 
potential.!°? Although selective serotonin-reuptake inhibitors are generally 
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preferred in patients with epilepsy, they have been associated with seizures in case 
reports. This may be due, in part, to an increased incidence of hyponatremia.*“8 


INFORMATION FOR PATIENTS 


Patients should be informed regarding the possibility of the emergence of 
depressive symptoms when prescribed a drug associated with depression. They 
should be instructed to report any symptoms of depressed mood or extreme 
irritability, anxiety, anhedonia, difficulty sleeping, fatigue, feelings of hopelessness 
or helplessness, change in appetite or weight, or thoughts of death. Patients with a 
history of depression may be at greater risk for experiencing drug-induced 
depression. Patients should be encouraged to inform their provider of any history or 
treatment of any psychiatric disorder. 


The FDA requires pharmacists to distribute medication guides to patients 
receiving medications with specific warnings of suicidality or other severe 
neuropsychiatric side effects. Medication guides are intended to inform patients 
about a known serious side effect of a drug. These guides are available at 
https://www.fda.gov/drugs/drugsafety/ucm085729.htm. 


REFERENCES 


1. American Psychiatric Association. Diagnostic and statistical manual of 
mental disorders. 5th ed. Washington, DC: American Psychiatric 
Association; 2013. 

Z: Friedman, RA, Leon AC. Expanding the black box—depression, 
antidepressants, and the risk of suicide N Engl J Med. 2007; 356:2343-6 


Ee Sternbach H, State R. Antibiotics: neuropsychiatric effects and 
psychotropic interactions. Harv Rev Psychiatry. 1997; 5:214-26. 


4. Christ W. Central nervous system toxicity of quinolones: human and animal 
findings. J Antimicrob Chemother. 1990; 26(suppl B):219-25. 
on Feinberg SS. Fluoroquinolone-induced depression. Am J Psychiatry. 


1995; 152:954-5. 


6. Labay-Kamara U, Manning S$, McMahon T. Fluoroquinolone —induced 
suicidal ideation and suicidality. Psychosomatics. 2012; 53:97-8. 

7: LaSalvia EA, Domek GJ, Gitlin DF. Fluoroquinolone-induced suicidal 
ideation. Gen Hosp Psychiatry. 2010; 32:108-10. 


8. Ahmed AIA, van der Heijden FMMA, van den Berkmortel H, Kramers K. 
A man who wanted to commit suicide by hanging himself: an adverse 
effect of ciprofloxacin. Gen Hosp Psychiatry. 2011; 33:82.¢e5-7. 


701 


10. 


Li, 


ee 


le 


14. 


LS. 


16. 


iy 


18. 


Iy, 


20. 


rae 


pee 


22. 


24. 


Mitchell RS, Lester W. Clinical experience with cycloserine in the 
treatment of tuberculosis. Scand J Respir Dis Suppl. 1970; 71:94-108. 


Weinstein HJ, Hallett WY, Sarauw AS. The absorption and toxicity of 
ethionamide. Am Rev Respir Dis.1962; 86:576-8. 


Dietz A, Frolich L. Mefloquine-induced paranoid psychosis and 
subsequent major depression in a 25-year-old _ student. 
Pharmacopsychiatry. 2002; 35:200-2. 


Whitworth AB, Aichhorn W. First-time diagnosis of severe depression: 
induced by mefloquine? J Clin Psychopharm. 2005; 25:399-400. 


Meier CR, Wilcock K, Jick SS. The risk of severe depression, psychosis, 
or panic attacks with prophylactic antimalarials. Drug Saf. 2004; 27:203- 
13. 


Petersen E, Ronne T, Ronn A et al. Reported side effects to chloroquine, 
chloroquine plus proguanil, and mefloquine as chemoprophylaxis against 
malaria in Danish travelers. J Travel Med. 2000; 7:79-84. 

van Reimsdijk MM, Sturkenboom MC, Ditters JM et al. Atovaquone plus 


chloroguanide versus mefloquine for malaria prophylaxis: a focus on 
neuropsychiatric adverse events. Clin Pharm Therap. 2002; 72:294-301. 


Sustiva product information. Princeton, NJ: Bristol-Myers Squibb 
Company; 2009. 


Journot V, Chene G, De Castro N et al. Use of efavirenz is not associated 
with a higher risk of depressive disorders: a substudy of the randomized 
clinical trial ALIZE-ANRS 099. Clin Infect Dis. 2006; 42:1790-9. 
Clifford DB, Evans S, Yang Y et al. Long-term impact of efavirenz on 
neuropsychological performance and symptoms in_ HIV-infected 
individuals (ACTG 5097s). HIV Clin Trials. 2009; 10:343-55. 

Gutierrez F, Garcia L, Padilla S et al. Risk of clinically significant 
depression in HIV-infected patients: effect of antiretroviral drugs. HIV 
Med. 2014; 15:213-23. 

Colebunders R, Hilbrands R, De Roo A et al. Neuropsychiatric reaction 
induced by abacavir. Am J Med. 2002; 113:616. 

Wise MEJ, Mistry K, Reid S. Neuropsychiatric complications of 
nevirapine treatment. BV. 2002; 324:879. 

Harry TC, Matthews M, Salvary I. Indinavir use: associated reversible 
hair loss and mood disturbance. /nt J STD AIDS. 2000; 11:474-6. 

Dollery CT, Emslie-Smith D, Milne MD. Guanethidine in the treatment of 
hypertension. Lancet. 1960; 3:381-7. 


Seedat YK, Pillay VKG. Further experience with guanethidine: a clinical 
assessment of 103 patients. S Afr Med J. 1966; 1:140-2. 


702 


LD: 


26. 


cee 


28. 


29. 


30. 


als 


ae: 


ao. 


34. 


3D. 


30. 


a) 


38. 


ae. 


Stocks AE, Robertson A. The long-term therapy of severe hypertension 
with guanethidine. Am Heart J. 1967; 73:569-70. 


Evanson JM, Seers HTN. Comparison of bretylium tosylate with 
guanethidine in the treatment of severe hypertension. Lancet. 1960; 3:387- 
0, 


Goodwin FK, Ebert MH, Bunney WE. Mental effects of reserpine in man: 
a review. In: Shader RI, ed. Psychiatric complications of medical drugs. 
New York: Raven Press; 1972:73-101. 

Raftos J, Bauer GE, Lewis RG et al. Clonidine in the treatment of severe 
hypertension. Med J Aust. 1973; 1:786-93. 

Stoudemire A, Brown JT, Harris RT et al. Propranolol and depression: a 
reevaluation based on a pilot clinical trial. Psychiatr Med. 1984; 2:211-8. 
Griffin SJ, Freidman MJ. Depressive symptoms in propranolol users. J 
Clin Psychiatry. 1986; 47:453-7. 

Avorn J, Everett DE, Weiss S. Increased antidepressant use in patients 
prescribed beta-blockers. JAMA. 1986; 255:357-60. 

Thiessen BQ, Wallace SM, Blackburn JL et al. Increased prescribing of 
antidepressants subsequent to beta-blocker therapy. Arch Intern Med. 
1990; 150:2286-90. 

Patten SB, Love EJ. Drug-induced depression. Psychother Psychosom. 
1997; 66:63-73. 

Schleifer SJ, Slater WR, Macari-Hinson NM et al. Digitalis and beta- 
blocking agents: effects on depression following myocardial infarction. 
Psychiatric Med. 1984; 2:211-8. 

Palinkas LA, Wingard DL, Barrett-Connor E. Chronic illness and 
depressive symptoms in the elderly: a population based study. J Clin 
Epidemiol. 1990; 43:1131-41. 

Schleifer SJ, Slater WR, Macari-Hinson MM et al. Digitalis and beta- 
blocking agents: effects on depression following myocardial infarction. 
Am Heart J. 1991; 121:1397-402. 

Nemets B, Bersudsky Y, Belmaker RH. Controlled double-blind trial of 
phenytoin vs. fluoxetine in major depressive disorder. J Clin Psychiatry. 
2005; 66:586-90. 

Zhang ZJ, Tan QR, Tong Y et al. The effectiveness of carbamazepine in 
unipolar depression: a double-blind, randomized, placebo-controlled 
study. J Affect Disord. 2008; 109:91-7. 

Jones JE, Hermann BP, Barry JJ et al. Rates and risk factors for suicide, 
suicidal ideation, and suicide attempts in chronic epilepsy. Epilepsy 
Behav. 2003; 4:S31-38. 


703 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


ale 


oie 


2. 


US Food and Drug Administration. Antiepileptic drugs and suicidality. 
http://www.fda.gov/ohrms/dockets/ac/08/briefing/2008-4372b 1-01- 
FDA.PDF (accessed 2017 Dec 19). 

Rissanen I, Jaaskelainen E, Isohanni M et al. Use of antiepileptic or 
benzodiazepine medication and suicidal ideation—the Northern Finland 
Birth Cohort 1966. Epilepsy Behav. 2015; 46:198-204. 

Andersohn F, Schade R, Willich SN, Garbe E. Use of antiepileptic drugs 
in epilepsy and the risk of self-harm or suicidal behavior. Neurology. 
2011; 75:335-40. 

Pugh MJV, Copeland LA, Zeber JE et al. Antiepileptic drug monotherapy 
exposure and suicide-related behavior in older veterans. J Aging Ger Soc. 
2012; 60:2042-7. 

VanCott AC, Cramer JA, Copeland LA et al. Suicide-related behaviors in 
older patients with new anti-epileptic drug use: data from the VA hospital 
system. BMC Medicine. 2010; 8:4. 

Fountoulakis KN, Gonda X, Baghai TC et al. Report of the WPA section of 
pharmacopsychiatry on the relationship of antiepileptic drugs with 
suicidality in epilepsy. /nt J Psychiatry Clin Pract. 2015; 19:158-67. 
Mula M, Kanner AM, Schmitz B, Schater S. Antiepileptic drugs and 
suicidality: an expert consensus statement from the Taskforce on 
Therapeutic Strategies of the ILAE Commission on Neuropsychobiology. 
Epilepsia. 2013; 54:199-203. 

Dodrill CB. Behavioral effects of antiepileptic drugs. In: Smith D, 
Treiman D, Trimble M, eds. Advances in neurology. New York: Raven 
Press; 1991:213-24. 

Robertson MM, Trimble MR, Townsend HRA. Phenomenology of 
depression in epilepsy. Epilepsia. 1987; 28:364-72. 

Brent DA, Crumrine PK, Varna RR et al. Phenobarbital treatment and 
major depressive disorder in children with epilepsy. Pediatrics. 1987; 
80:909-17. 

Lopez-Gomez M, Ramirez-Bermudez J, Campillo C et al. Primidone is 
associated with interictal depression in patients with epilepsy. Epilepsy 
Behav. 2005;6:413-6. 


Garrison SJ, Henson HK. Dilantin toxicity and vegetative depression: a 
report of two cases. Arch Phys Med Rehabil. 1990; 71:422-3. 


Dodrill CB, Arnett JL, Deaton R et al. Tiagabine versus phenytoin and 
carbamazepine as add-on therapies: effects on abilities, adjustment, and 
mood. Epilepsy Res. 2000; 42:123-32. 


Mula M, Trimble MR, Lhatoo SD et al. Topiramate and psychiatric 
adverse events in patients with epilepsy. Epilepsia. 2003; 44:659-63. 


704 


54. 


hs 


56. 


at 


58. 


a 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


Rugg-Gunn F. Adverse and safety profile of perampanel: a review of 
pooled data. Epilepsia. 2014; 55(suppl 1):13-5. 
Keppra [package insert]. Smyrna, GA: UCB; 2008. 


Hagemann A, May TW, Nieder E et al. Quality of life, anxiety, and 
depression in adult patients after add-on of levetiracetam and conversion 
to levetiracetam monotherapy. Epilep Res. 2013; 104:140-50. 


Mula M, Trimble MR, Yuen A et al. Psychiatric adverse events during 
levetiracetam therapy. Neurology. 2003; 61:704-6. 


Wier LM, Tavares SB, Tyrka AR et al. Levetiracetam-induced depression 
in a healthy adult. J Clin Psychiatry. 2006; 67:1159-60. 


Lee JJ, Song HS, Hwang YH et al. Psychiatric symptoms and quality of 
life in patients with drug-refractory epilepsy receiving adjunctive 
levetiracetam therapy. J Clin Neurol. 2011; 7:128-36. 

Levinson DF, Devinsky O. Psychiatric adverse events during vigabatrin 
therapy. Neurology. 1999; 53:1503-11. 


Cavanna AE, Seri S. Psychiatric adverse effects of zonisamide in patients 
with epilepsy and mental disorder comorbidities. Epilepsy Behav. 2013; 
29:281-4. 

Hall T, Shah S, Ng B et al. Changes in mood, depression, and suicidal 
ideation after commencing pregabalin for neuropathic pain. Austral Fam 
Physician. 2014; 43:705-8. 

Kustermann A, Mobius C, Oberstein T et al. Depression and attempted 
suicide under pregabalin therapy. Ann Gen Psychiatry. 2014; 3:37. 
Kaufman KR, Struck PJ. Activation of suicidal ideation with adjunctive 
rufinamide in bipolar disorder. Epilepsy Behav. 2011; 20:396-9. 

Janicak P, Davis JM, Preskorn SH et al. Principles and practice of 
psychopharmacotherapy. 3rd ed. Baltimore: Wilkins and Wilkins; 1997. 
Lydiard RB, Laraia MT, Ballenger JC et al. Emergence of depressive 
symptoms in patients receiving alprazolam for panic disorder. Am J 
Psychiatry. 1987; 144:664-5. 

Nagy LM, Krystal JH, Woods SW et al. Clinical and medication outcome 
after short-term alprazolam and behavioral group treatment in panic 
disorder: 2.5 year naturalistic follow-up study. Arch Gen Psychiatry. 
1989; 46:993-9. 

Hall RCW, Joffe JR. Aberrant response to diazepam: a new syndrome. Am 
J Psychiatry. 1972; 129:114-8. 

Hall RCW, Zisook S. Paradoxical reactions to benodiazepines. Br J Clin 
Pharmacol. 1981; 11:99s-104s. 


705 


a, 


rl, 


tee 


(eS 


74. 


fe 


76. 


fs 


78. 


79, 


80. 


81. 


82. 


83. 


Montagnier D, Dartigues J, Rouillon F et al. Ageing and trajectories of 
depressive symptoms in community-dwelling men and women. Jnt J 
Geriat Psychiatry. 2014; 29:720-9. 


Nordfjaern T. A population-based cohort study of anxiety, depression, 
sleep and alcohol outcomes among benzodiazepine and z-hypnotic users. 
Addictive Behav. 2012; 37:1151-7. 


Tsai M, Huang C, Lai Y et al. The effect of benzodiazepine and non- 
benzodiazepine prescriptions for diabetes mellitus type 2 in elderly 
Taiwanese with depressive symptoms. Psychogeriatrics 2016; 16:93-101. 


Borison RL, Sinha D, Albrecht JW et al. Double-blind comparison of 3- 
and 6-mg fixed doses of alprazolam vs. placebo in outpatients with major 
depressive disorder. Psychopharmacol Bull. 1989; 25:186-9. 


Hamad T. Relationship between psychotropic drugs and_ pediatric 
suicidality: review and evaluation of — clinical data. 
http://www.fda.gov/ohrms/dockets/ac/04/briefing/2004-4065b 1-10- 
TAB08-Hammads-Review.pdf (accessed 2017 Dec 19). 

Millson D, Mrischer M, Croft P et al. Are triptans with enhanced 
lipophilicity used for the acute treatment of migraine associated with an 
increased consulting rate for depressive illness? Cephalalgia. 2000; 
20:732-7. 

Risch SC, Cohen RM, Janowsky DS. Physostigmine induction of 
depressive symptomatology in normal human subjects. Psychiatry Res. 
1981; 4:89-94. 

XYREM oral solution, sodium oxybate oral solution product information. 
Palo Alto, CA: Jazz Pharmaceuticals; 2014. 

Rossetti AO, Heinzer RC, Tafti M, Buclin T. Rapid occurrence of 
depression following addition of sodium oxybate to modafinil. Sleep Med. 
2010; 11 497-501. 

Xyrem Study Group. A 12-month, open-label, multicenter extension trial of 
orally administered sodium oxybate for the treatment of narcolepsy. Sleep. 
2003; 26:31-5. 

Kenney C, Hunter C, Mejia N, Jankovic J. Is history of depression a 
contraindication to treatment with tetrabenazine? Clin Neuropharmacol. 
2006; 29:259-64. 

Moore TJ, Furberg CD, Glenmullen J et al. Suicidal behavior and 
depression in smoking cessation treatments. PLoS One. 2011;6:e27016. 
Kuehn BM. FDA warns of adverse events linked to smoking cessation 
drug and antiepileptics. JAMA. 2008; 299:1121-2. 

Buggy Y, Cornelius V, Fogg C et al. Neuropsychiatric adverse effects with 
varenicline: a modified prescription-event monitoring study in general 


706 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


vi, 


G2. 


oD) 


94. 


a3. 


96. 


oy. 


practice in England. Drug Saf. 2013; 36:521-31. 


Gibbons RD, Mann JJ. Varenicline, smoking cessation, and 
neuropsychiatric adverse effects. Am J Psychiatry, 2013; 170:1460-7. 


Gunnel D, Irvine D, Wise L et al. Varenicline and suicidal behaviour: a 
cohort study based on data from the General Practice Research Database. 
Br J Med. 2009; 339:b3805. 


Harrison-Woolrych M, Ashton J. Psychiatric adverse events associated 
with varenicline: an intensive postmarketing prospective cohort study in 
New Zealand. Drug Saf. 2011; 34:763-72. 


Kotz D, Viechtbauer W, Simpson C et al. Cardiovascular and 
neuropsychiatric risks of varenicline: a retrospective cohort study. Lancet 
Respir Med. 2015; 3:761-8. 


Anthenelli RM, Morris C, Ramey TS et al. Effects of varenicline on 
smoking cessation in adults with stably treated current or past major 
depression. Ann Intern Med. 2013; 159:390-400. 


Anthenelli RM, Benowitz NL, West R et al. Neuropsychiatric safety and 
efficacy of vareniclinie, bupropion, and nicotine patch in smokers with 
and without psychiatric disorders (EAGLES): a _ double-blind, 
randomised, placebo-controlled clinical trial. Lancet. 2016; 387:2507-20. 


Warnock JK, Bundren JC. Anxiety and mood disorders associated with 
gonadotropin-releasing hormone agonist therapy. Psychopharmacol Bull. 
1997; 33:311-6. 


Warnock JK, Bundren JC, Morris DW. Depressive mood symptoms 
associated with ovarian suppression. Fertil Steril. 2000; 74:984-6. 


Lupron Depot 3.75 product information. Lake Forest, IL: TAP 
Pharmaceuticals; 1995. 


Zoladex 3.6 mg product information. London: Zeneca Pharmaceuticals; 
1995. 


Toren P, Dor J, Mester R et al. Depression in women treated with a 
gonadotropin-releasing hormone agonist. Biol Psychol. 1996; 39:378-82. 


Steingold KA, Cedars M, Lu JK. Treatment of endometriosis with a long- 
acting gonadotropin-releasing hormone agonist. Obstet Gynecol. 1987; 
69:403-11. 


Early Breast Cancer Trialists’ Collaborative Group. Systemic treatment of 
early breast cancer by hormonal, cytotoxic, or immune therapy: 133 
randomised trials involving 31,000 recurrences and 24,000 deaths among 
75,000 women. Lancet. 1992; 339:71-85. 


Cathcart CK, Jones SE, Pumroy CS et al. Clinical recognition and 
management of depression in node negative breast cancer patients treated 
with tamoxifen. Breast Cancer Res Treat. 1993; 27:277-81. 


707 


98. 


99. 


100. 


101. 


Iz. 


103. 


104. 


105. 


106. 


107. 


108. 


109. 


110. 


Lit, 


Iie. 


Shariff S, Cumming CE, Lees A et al. Mood disorder in women with early 
breast cancer taking tamoxifen, an estradiol receptor antagonist: an 
expected or unexpected effect? Ann N Y Acad Sci. 1995; 761:365-68. 


Anelli TF, Anelli A, Tran KN et al. Tamoxifen administration is associated 
with a high rate of treatment-limiting symptoms in male breast cancer 
patients. Cancer. 1994; 74:74-77. 


Day R, Ganz PA, Costantino JP et al. Health-related quality of life and 
tamoxifen in breast cancer prevention: a report from the National Surgical 
Adjuvant Breast and Bowel Project P-1 Study. J Clin Oncol. 1999; 
17:2659-69. 


Day R, Ganz PA, Constantino JP. Tamoxifen and depression: more 
evidence from the national surgical adjuvant breast and bowel project’s 
breast cancer prevention (P-1) randomized study. J Natl Cancer Inst. 
2001; 93:1615-23. 

ARIMIDEX oral tablets, anastrozole oral tablets product information. 
Wilmington, DE: AstraZeneca Pharmaceuticals; 2013. 

Chang CH, Chen SJ, Liu CY Adjuvant treatments of breast cancer increase 
the risk of depressive disorders: a population-based study. J Affect 
Disord. 2015; 182:44-9. 

Kay CR. The Royal College of General Practitioners’ Oral Contraception 
Study: some recent observations. Clin Obstet Gynecol. 1984; 11:759-86. 
Oinonen KA, Mazmanian D. To what extent do oral contraceptives 
influence mood and affect? J Affect Disord. 2002; 70:229-40. 
Rahimi-Ardabili B, Pourandarjan’ R, Habibollahi P, Mualeki A. 
Finasteride induced depression: a prospective study. BMC Clin 
Pharmacol. 2006; 6:7 

Irwig MS. Depressive symptoms and suicidal thoughts among former users 
of finasteride with persistent sexual side effects. J Clin Psychiatry. 2012; 
73:1220-3. 

Brown ES, Suppes T. Mood symptoms during corticosteroid therapy: a 
review. Harv Rev Psvchiatry. 1998; 5:239-46. 

Grigg JR. Prednisone mood disorder with associated catatonia. J Geriatr 
Psychiatry Neurol. 1989; 2:41-4. 

Sutor B, Wells LA, Rummans TA. Steroid-induced depressive psychosis 
responsive to electroconvulsive therapy. Convuls Ther. 1996; 12:104-7. 
Gift AG, Wood RM, Cahill CA. Depression, somatization, and steroid use 
in chronic obstructive pulmonary disease. /nt J Nurs Stud. 1989; 26:281- 
6. 


Patten SB, Williams JV, Love EJ. Self-reported depressive symptoms 
following treatment with corticosteroids and sedative hypnotics. nt J 


708 


i 


114. 


it: 


116. 


id ws 


118. 


Lty. 


120. 


I. 


122, 


ives 


124. 


Psychiatry Med. 1996;26:15-24. 


Boston Collaborative Drug Surveillance Program. Acute adverse 
reactions to prednisone in relation to dosage. Clin Pharmacol Ther. 1972; 
13:694-8. 


Patten SB, Williams JV, Love EJ. Self-reported depressive symptoms in 
association with medication exposures among medical inpatients: a cross- 
sectional study. Can J Psychiatry. 1995; 40:264-69. 


Draper HM. Depressive disorder associated with mycophenolate mofetil. 
Pharmacotherapy. 2008; 28:136-9. 


Schaefer M, Schmidt F, Folwaczny C et al. Adherence and mental side 
effects during hepatitis C treatment with interferon alfa and ribavirin in 
psychiatric risk groups. Hepatology. 2003; 34:443-51. 


Bonaccorso S, Puzella A, Marino V et al. Immunotherapy with interferon- 
alpha in patients affected by chronic hepatitis C induces an intercorrelated 
stimulation of the cytokine network and an increase in depressive and 
anxiety symptoms. Psychiatry Res. 2001; 105:45-55. 


Maes M, Bonaccorso S, Marino V et al. Treatment with interferon-alpha 
(IFN alpha) of hepatitis C patients induces lower serum dipeptidyl 
peptidase IV activity, which is related to IFN alpha-induced depressive 
and anxiety symptoms and immune activation. Mol Psychiatry. 2001; 
6:475-80. 


Malaguarnera M, Laurino A, di Fazio I et al. Neuropsychiatric effects and 
type of IFN-alpha in chronic hepatitis C. J Interferon Cytokine Res. 2001; 
21:273-8. 


Fried MW, Shiffman ML, Reddy KR et al. Peginterferon alfa-2a plus 
ribavirin for chronic hepatitis C virus infection. N Engl J Med. 2002; 
347:975-82. 


Zigante F, Bastie A, Buffet C et al. Incidence of interferon alfa-induced 
depression inpatients with chronic hepatitis C. Hepatology. 2002; 35:978- 
9. 

Sjogren MH, Sjogren R, Lyons MF et al. Antiviral response of HCV 
genotype 1 to consensus interferon and ribavirin versus pegylated 
interferon and ribavirin. Dig Dis Sci. 2007; 52:1540-7. 

Quarantini LC, Bressan RA, Galvao A et al. Incidence of psychiatric side 
effects during pegylated interferon-a retreatement in nonresponder 
hepatitis C virus-infected patients. Liver Int. 2007; 27:1098-1102. 

Lotrich FE, Rabinovitz M, Gironda P et al. Depression following 
pegylated interferon-alpha: characteristics and vulnerability. J 
Psychosomatic Res. 2007; 63:131-5. 


709 


23. 


L2G, 


vee 


128. 


129. 


130. 


3 B 


[32. 


|e 


134. 


ie 


136. 


I? 


Galetta SL. The controlled high risk Avonex multiple sclerosis trial 
(CHAMPS Study). J Neuroophthalmol. 2001; 21:292-5. 


PRISMS Study Group and the University of British Columbia MS/MRI 
Analysis Group. PRISMS-4: long-term efficacy of interferon-beta-la in 
relapsing MS. Neurology. 2001;56:1628-36. 


Patten SB, Metz LM. Interferon betala and depression in secondary 
progressive MS: data from the SPECTRIMS trial. Neurology. 
2002;59:744-746. 


The Once Weekly Interferon for MS Study Group (OWIMS). Evidence of 
interferon beta-la dose response in relapsing-remitting MS: the OWIMS 
Study. Neurology. 1999; 53:679-86. 


Panitch H, Goodin DS, Francis G. Randomized, comparative study of 
interferon beta-la treatment regimens in MS: The EVIDENCE Trial. 
Neurology. 2002; 59:1496-506. 


The IFNB Multiple Sclerosis Study Group and The University of British 
Columbia MS/MRI Analysis Group. Interferon beta-1b in the treatment of 
multiple sclerosis: final outcome of the randomized controlled trial. 
Neurology. 1995; 45:1277-85. 


Neilley KL, Goodin DS, Goodkin DE et al. Side effect profile of 
interferon beta-1b in MS: results of an open label trial. Neurology. 1996; 
46:552-4. 


Feinstein A, O’Connor P, Feinstein K. Multiple sclerosis, interferon beta- 
1b and depression: a prospective investigation. J Neurol. 2002; 249:815- 
20. 


Durelli L, Verdun E, Barbero P et al. Every-other-day interferon beta-1b 
versus once-weekly interferon beta-la for multiple sclerosis: results of a 
2-year prospective randomized multicentre study (INCOMIN). Lancet. 
2002; 359:1453-60. 

Porcel J, Rio J, Sanchez-Betancourt A et al. Long-term emotional state of 
multiple sclerosis patients treated with interferon beta. Mult Scler. 2006; 
12:802-7. 

Patten SB, Williams JV, Metz LM. Anti-depressant use in association with 
interferon and glatiramer acetate treatment in multiple sclerosis. Mult 
Scler. 2008; 14:406-11. 

Taylor KL, Hadgkiss EJ, Jelinek GA et al. Lifestyle factors, demographics, 
and medications associated with depression risk in an international sample 
of people with multiple sclerosis. BMC Psychiatry. 2014; 14:327. 

Davis JC, van der Heijde D, Braun J et al. Recombinant human tumor 


necrosis factor (etanercept) for treating ankylosing spondylitis: a 
randomised controlled trial. Arthritis Rheum. 2003; 48:3230-6. 


710 


138. 


139, 


140. 


141. 


142. 


143. 


144. 


145. 


146. 


147. 


148. 


149. 


Iau. 


Ish. 


ts2. 


Ellard R, Ahmed A, Shah R, Bewley A. Suicide and depression in a 
patient with psoriasis receiving adalimumab: the role of the dermatologist. 
Clin Exper Derm. 2014; 39:62-7. 


Roblin X, Oltean P, Heluwaert F, Bonaz B. Panic attack with suicide: an 
exceptional adverse effect of infliximab. Dig Dis Sci. 2006; 51:1056. 


Eshuis EJ, Magnin KMMY, Stokkers PCF et al. Suicide attempt in 
ulcerative colitis patient after 4 months of infliximab therapy—a case 
report. J Crohns Colitis. 2010; 4:591-3. 


Ertinli I, Ozer S, Kiraz S et al. Infliximab, a TNF-a antagonist treatment in 
patients with ankylosing spondylitis: the impact of depression, anxiety, and 
quality of life level. Rheumatol Int. 2012; 32:323-30. 


Iglesais M, Barreiro de Acosta M, Vazquez I et al. Psychological impact 
of Crohn’s disease on patients in remission: anxiety and depression risks. 
Rev Esp Enfirm Dig. 2009; 101:249-57. 


Capuron L, Ravaud A, Dantzer R. Early depressive symptoms in cancer 
patients receiving interleukin 2 and/or interferon alfa-2b therapy. J Clin 
Oncol. 2000; 18:2143-51. 


Capuron L, Ravaud A, Gualde N et al. Association between immune 
activation and early depressive symptoms in cancer patients treated with 
interleukin-2-based therapy. Psychoneuroendocrinology. 2001; 26:797- 
808. 

Silberfarb PM, Holland JCB, Anbar D et al. Psychological response of 
patients receiving two drug regimens for lung carcinoma. Am J Psychiatry. 
1983; 140:110-11. 

Yoffe G, Rice L, Alfrey CP et al. Case report: depressive reaction to 
vincristine overdose. Clin Lab Haematol. 1986; 8:80-1. 

Hazen PG, Carney JF, Walker AE et al. Depression: a side effect of 13-cis 
retinoic acid therapy. J Am Acad Dermatol. 1983; 9:278-9. 

Scheinman PL, Peck GL, Rubinow DR et al. Acute depression from 
isotretinoin. J Am Acad Dermatol. 1990; 22:1112-4. 

Hanson N, Leachman S. Safety issues in isotretinoin therapy. Semin Cutan 
Med Surg. 2001;20:166-83. 

Wysowski DK, Pitts M, Beitz J. An analysis of reports of depression and 
suicide in patients treated with isotretinoin. J Am Acad Dermatol. 2001; 
45:515-9. 

Azoulay L, Blais L, Koren G et al. Isotretinoin and the risk of depression 
in patients with acne vulgaris: a case-crossover study. J Clin Psychiatry. 
2008; 69:e1-e7. 

Jick SS, Kremers HM, Vasilakis-Scaramozza C. Isotretinoin use and risk 
of depression, psychotic symptoms, suicide, and attempted suicide. Arch 


711 


153. 


154. 


IS3, 


156. 


lee 


158. 


159. 


160. 


161. 


162. 


163. 


164. 


Dermatol. 2000; 136:1231-6. 


Fakour Y, Ameri H, Ehsani AH et al. The effect of isotretinoin 
(Roaccutane) therapy on depression and quality of life of patients with 
severe acne. [ran J Psychiatry. 2014; 9:237-40. 


Alzoubi KH, Kahbour OF, Hassan RE et al. The effect of genetic 
polymorphisms at the RARA gene on the adverse effects profile of 
isotretinoin-treated acne patients. Internat J Clin Pharmacol 
Therapeutics. 2013; 51:631-40. 


Ergun T, Seckin D, Ozaydin N et al. Isotretinoin has no negative effect on 
attention, executive function and mood. J Eur Acad Dermatol 
Venereology. 2012; 26:431-9. 


Nevoralova Z, Dvorakova D. Mood changes, depression, and suicide risk 
during isotretinoin treatment: a prospective study. /nt J Dermatol. 2013; 
52:163-8. 


Kellett SC, Gawkrodger DJ. A prospective study of the responsiveness of 
depression and suicidal ideation in acne patients to different phases of 
during isotretinoin therapy. Eur J Dermatol. 2005; 15:484-88. 


Marron SE, Tomas-Aragones L, Boira S. Anxiety, depression, quality of 
life, and patient satisfaction in acne patients treated with oral isotretinoin. 
Acta Derm Venereol. 2013; 93:701-6. 


Yesilova Y, Bez Y, Ari M et al. Effects of isotretinoin on obsessive 
compulsive symptoms, depression, and anxiety in patients with acne 
vulgaris. J Derm Treat. 2012; 23:268-71. 


Rehn LMH, Meririnne E, Hook-Nikanne J et al. Depressive symptoms and 
suicidal ideation during isotretinoin treatment: a 12-week follow-up study 
of male Finnish military conscripts. J Eur Acad Dermatol Venereology. 
2009; 23:1294-7. 


Cohen J, Adams S, Patten S. No association found between patients 
receiving isotretinoin for acne and the development of depression in a 
Canadian prospective cohort. Can J Clin Pharmacol. 2007; 14:e227-33. 
Simic D, Situm M, Letica E et al. Psychological impact of isotretinoin 
therapy in patients with moderate and severe acne. Coll Antropol. 2009; 
33(suppl 2):15-9. 

Kaymak Y, Taner E, Taner Y. Comparison of depression, anxiety, and 
quality of life in acne vulgaris patients who were treated with either 
isotretinoin or topical agents. /nt J Dermatol. 2009; 48:41-6. 

McGrath EJ, Lovell CR, Gillison F et al. A prospective trial of the effects 


of isotretinoin on quality of life and depressive symptoms. Brit J 
Dermatol. 2010; 163:1323-9. 


72 


165. 


166. 


Ip?. 


168. 


169. 


170. 


lig E 


i o9 


lip x 2 


174. 


lias 


176. 


Lye, 


Is. 


79. 


180. 


181. 


Rowe C, Spelman L, Ozimeski M et al. Isotretinoin and mental health in 
adolescents: Australian consensus. Australasian J Dermatol. 2014; 
55:162-7. 


Lechleitner M, Hoppichler F, Konwalinka G et al. Depressive symptoms 
in hypercholesterolemic patients treated with pravastatin. Lancet. 1992; 
340:910. 

Duits N, Bos FM. Depressive symptoms and cholesterol-lowering drugs. 
Lancet. 1993; 341:114. 

Billings RF, Tang SW, Rakoff VM. Depression associated with cimetidine. 
Can J Psychiatry. 1981; 26:260-1. 

Crowder MK, Pate JK. A case-report of cimetidine-induced depressive 
syndrome. Am J Psychiatry. 1980; 137:1451. 

Billings RF, Stein MB. Depression associated with ranitidine. Am J 
Psychiatry. 1986; 143:915-6. 

Stocky A. Ranitidine and depression. Aust N Z J Psychiatry. 1991; 
25:415-8. 

Blechman WJ, Schmid FR, April PA et al. Ibuprofen or aspirin in 
rheumatoid arthritis therapy. JAMA. 1975; 233:336-69. 

Cochrane GM. A double-blind comparison of naproxen with indomethacin 
in osteoarthritis. Scand J Rheumatol. 1973; 2:89-93. 

Adams CD. Metoclopromide and depression. Ann Intern Med. 1985; 
103:960. 


Feder R. Metoclopromide and depression. J Clin Psychiatry. 1987; 
48:38. 


Oren DA. Dysphoria after treatment with ondansetron. Am J Psychiatry. 
1995; 152:1101. 

Ambrose A, Salib E. Amiodarone-induced depression. Brit J Psychiatry. 
1999; 174:366-7. 

Farmer P, Unis AS, Hsu G. Pemoline, depressive symptoms and escape 
from dexamethasone suppression. J Clin Psychopharmacol. 1983; 3:331- 
2, 

Rosenfeld AA. Depression and psychotic regression following prolonged 
methylphenidate use and withdrawal: case report. Am J Psychiatry. 1979; 
136:226-8. 

Twerski B. Sympathomimetic-induced depression. Am J Psychiatry. 1987; 
144:252. 

Grassi L, Biancosino B, Pavanati M et al. Depression or hypoactive 
delirium? A report of ciprofloxacin-induced mental disorder in a patient 


713 


LeZ, 


183. 


184. 


185. 


186. 


187. 


188. 


189. 


190. 


191. 


1¥2, 


193. 


194. 


195. 


with chronic obstructive pulmonary disease. Psychother Psychosom. 
2001; 70:58-9. 

US Food and Drug Administration; Center for Drug Evaluation and 
Research. Early communication about an ongoing safety review of 
montelukast (Singulair). 
https://www.fda.gov/Drugs/DrugSafety/PostmarketDrugSafetyInformationfi 
(accessed 2017 Dec 19). 

Blazer DG, Kessler RC, McGonagle KA et al. The prevalence and 
distribution of major depression in a national community sample: the 
national comorbidity study. Am J Psychiatry. 1994; 151:979-86. 

Robins LN, Wing J, Wittchen HU et al. One-month prevalence of mental 


disorders in the United States: based on 5 epidemiologic catchment area 
sites. Arch Gen Psych. 1988; 45:1069-77. 


Keller S, Frishman WH. Neuropsychiatric effects of cardiovascular drug 
therapy. Cardiol Rev. 2003; 11:73-93. 


Schildkraut JJ. Neuropharmacology and the affective disorders. N Engl J 
Med. 1969; 281:302. 


Maas JW. Biogenic amines and depression. Arch Gen Psychiatry. 1975; 
321351, 


Beers MH, Passman CJ. Antihypertensive medications and depression. 
Drugs. 1990; 40:792-9. 
Bremner JD, McCaffery P. The neurobiology of retinoic acid in affective 


disorders. Prog Neuropsychopharmacol Biol Psychiatry. 2008; 32:315- 
31. 

Sherwin BB. Hormones, mood, and cognitive functioning in post- 
menopausal women. Obstet Gynecol. 1996; 87(suppl 2):20-26S. 

Sherwin BB, Suranyi-Cadotte BE. Up-regulatory effect of estrogen on 3H- 
imipramine binding sites in surgically menoDausal women. Biol Psychol. 
1990: 28:339-48. 

Jarkova NB, Martenyi F, Masanauskaite D et al. Mood effect of raloxifene 
in postmenopausal women. Maturitas. 2002; 42:71-5. 

Adams PW, Rose DP, Folkard J et al. Effect of pyridoxine hydrochloride 
(vitamin B6) upon depression associated with oral contraception. Lancet. 
1973; 1;897-904. 

Smith S, Waterhouse BD, Chapin JK et al. Progesterone alters GABA and 
glutamate responsiveness: a possible mechanism for its anxiolytic action. 
Brain Res. 1987; 400:353-9. 


Haskett RF. Diagnostic categorization of psychiatric disturbance in 
Cushing’s syndrome. Am J Psychiatry. 1985; 142:911-6. 


714 


196. 


197, 


198. 


199, 


200. 


201, 


202. 


vis 9 


204. 


25. 


206. 


207. 


Gerner RH, Wilkins JN. CSF cortisol in patients with depression, mania, 
Or anorexia nervosa and in normal subjects. Am J Psychiatry. 1983; 
140:92-4. 


Fernandez-Teruel A, Escorihuela RM, Boix F et al. Imipramine and 
desipramine decreased the GABA-stimulated chloride uptake, and 
antiGABAergic agents enhance their action in the forced swimming test in 
rats. Neuropsychobiology. 1990; 23:147-52. 


Prat JA, Jenner P, Johnson Al et al. Anticonvulsant drugs alter plasma 
tryptophan concentrations in epileptic patients: implications for 
antiepileptic action and mental function. J Neurol Neurosurg Psychiatry. 
1984; 27:1131-3. 


Lambert MV, Robertson MM. Depression in epilepsy: etiology, 
phenomenology, and treatment. Epilepsia. 1999; 40(suppl 10):S21-47. 


Shimizu H, Ohtani K, Sato N et al. Increases in serum interleukin-6, 
plasma ACTH and serum cortisol levels after systemic interferon-alpha 
administration. J Endocrinol. 1995; 42:551-6. 


Maes M, Wauters A, Verkerk R et al. Lower L-tryptophan availability in 
depression: a marker of a more generalized disorder in protein 
metabolism. Neuropsychopharmacology 1996; 15:243-51. 


Mehta D, Raison C, Woolwine BJ et al. Transcriptional signals related to 
glucose and lipid metabolism predict treatment response to the tumor 
necrosis factor antagonist infliximab in patients with treatment-resistant 
depression. Brain Behav Immun. 2013; 31:205-15. 

Raison CL, Rutherford RE, Woolwine BJ et al. A randomized controlled 
trial of the tumor necrosis factor-alpha antagonist infliximab in treatment 
resistant depression: role of baseline inflammatory biomarkers. JAMA 
Psychiatry. 2013; 70:31-41. 

Kraus MR, Al-Taie O, Schafer A et al. Serotonin-1A receptor gene 
HTRIA variation predicts interferon-induced depression in chronic 
hepatitis C. Gastroenterol. 2007; 132:1279-86. 

Galvao-de Almedia A, Quarantini LC, Tartagliom A et al. Seronontin-1A 
receptor CC genotype is associated with persistent depression related to 
interferon-alpha in hepatitis C patients. Gen Hosp Psychiatry. 2014; 
36:255-60. 

O’Mahony SM, Myint AM, Steinbusch H et al. Efavirenz induces 
depressive-like behaviour, increased stress response, and changes in the 
immune response in rats. Neuroimmunomodulation. 2005; 12:293-8. 

Hays JT, Ebbert JO, Sood A. Efficacy and safety of varenicline for 
smoking cessation. Am J Med. 2008; 121(4 suppl 1):S32-42. 


715 


208. 


209, 


210, 


21h, 


rales 


Zs 


214. 


21, 


216, 


ZL, 


“£16, 


21, 


220. 


221, 


fees 


O’Donnell J. Overview of existing research and information linking 
isotretinoin, depression, psychosis and suicide. Am J Ther. 2003; 10:148- 
59. 


Warnock JK, Bundren JC, Morris DW. Sertraline in the treatment of 
depression associated with gonadotropin-releasing hormone agonist 
therapy. Biol Psych. 1998; 43:464-5. 


Jacoby A, Baker GA, Steen N et al. The clinical course of epilepsy and its 
psychosocial correlates: findings from a UK community study. Epilepsia. 
1996; 37:148-61. 


Victoroff JI, Benson DF, Engel J et al. Interictal depression in patients 
with medically intractable complex partial seizures: 
electroencephalography and cerebral metabolic correlates [abstract]. Ann 
Neurol. 1990; 28:221. 

Rabkin JE, Charles E, Kass F. Hypertension and DSM-III depression in 
psychiatric outpatients. Am J Psychiatry. 1983; 140:1072-4. 

Zdilar D, Franco-Bronson K, Buchler N et al. Hepatitis C, interferon alfa, 
and depression. Hepatology. 2000; 31:1207-11. 

Hosaka T, Aoki T. Depression among cancer patients. Psychiatry Clin 
Neurosci. 1996; 50:309-12. 

Sadovnick AD, Remick RA, Allen J et al. Depression and multiple 
sclerosis. Neurology. 1996; 46:628-32. 

Patten SB. Psychopharmacology for the clinician psychopharmacologie 
pratique. J Psychiatry Neurosci. 2001; 26:66. 

Gutiérrez F, Navarro A, Padilla S et al. Prediction of neuropsychiatric 
adverse events associated with long-term efavirenz therapy, using plasma 
drug level monitoring. Clin Infect Dis. 2005; 41:1648-53. 

Kaufman KR, Bisen V, Zimmerman A et al. Apparent dose-dependent 
levetiracetam-induced de novo major depression with suicidal behavior. 
Epil Behav Case Reports. 2013; 1:110-2. 

Mula M, Trimble MR, Sander JWAS. The role of hippocampal sclerosis 
in topiramate-related depression and cognitive deficits in people with 
epilepsy. Epilepsia. 2003; 44:1573-7. 

Galanti M, Newport DJ, Pennell PB et al. Post-partum depression in 
women with epilepsy: influence of antiepileptic drugs in a prospective 
study. Epilepsy Behav. 2009; 16:426-30. 

Mula M, Hesdorffer DC, Trimble M, Sander JW. The role of titration 
schedule of topiramate for the development of depression in patients with 
epilepsy. Epilepsia. 2009; 50:1072-6. 

Whale R, Fiahlo R, Rolt M et al. Psychomotor retardation and 
vulnerability to interferon alpha induced major depressive disorder: 


716 


224; 


224. 


220, 


226, 


a2). 


22: 


ao 


230. 


Zi. 


tn 


233. 


234. 


prospective study of a chronic hepatitis C cohort. J Psychosomatic Res. 
2015; 79:640-5. 


Marron MM, Anderson SJ, Garrity J et al. Association of baseline sleep 
quality with trajectories of depressive symptoms in patients undergoing 
interferon treatment. Psychosomatic Med. 2015; 77:911-20. 


Marcellin P, Lau GK, Zeuzem S et al. Comparing the safety, tolerability 
and quality of life in patients with chronic hepatitis B vs chronic hepatitis 
C treated with peginterferon alpha-2a. Liver Int. 2008; 28:477-85. 


Robaeys G, DeBie J, Wichers MC et al. Early prediction of major 
depression in chronic hepatitis C patients during peg-interferon a-2b 
treatment by assessment of vegetative-depressive symptoms after four 
weeks. World J Gastroenterol. 2007; 13:5736-40. 


Cozzolongo R, Porcelli P, Cariola F et al. Serotonin gene polymorphisms 
and lifetime mood disorders in predicting interferon-induced depression in 
chronic hepatitis C. J Affective Disord. 2015; 183:90-7. 


Kraus MR, Schafer A, Schottker K et al. Therapy of interferon-induced 
depression in chronic hepatitis C with citalopram: a randomized, double- 
blind, placebo-controlled study. Gut. 2008; 57:531-6. 


Wichers MC, Kenis G, Leue C et al. Baseline immune activation as a risk 
factor for the onset of depression during interferon-alpha treatment. Biol 
Psychiatry. 2006; 60:77-9. 

Cunha ECM, Behrensdorf MF, Bavaresco V et al. Genotype | of hepatitis 


C virus increases the risk of major depression: a 12-week prospective 
study. Gen Hosp Psychiatry. 2015; 37:283-7. 


Wells KB, Stewart A, Hays RD et al. The functioning and well-being of 
depressed patients: results from the Medical Outcomes Study. JAMA. 
1989; 262:914-9. 

Kovacs P, Panczel G, Balatont T et al. Social support decreases 


depressogenic effect of low-dose interferon alpha treatment in melanoma 
patients. J Psychosom Res. 2015; 78:579-84. 

Sabet-Sharghi F, Hutzler JC. Prophylaxis of steroid induced psychiatric 
syndromes. Psychosomatics. 1990; 31:113-4. 

Musselman DL, Lawson DH, Gumnick JF et al. Paroxetine for the 
prevention of depression induced by high-dose interferon alfa. N Engl J 
Med. 2001; 344:961-6. 

Ehret M, Sobierja DM. Prevention of interferon-alpha-associated 
depression with antidepressant medications in patients with hepatitis C 


virus: a systematic review and meta-analysis. Int J Clin Pract. 2014; 
68:255-61. 


717 


232. 


250, 


aot. 


2A6, 


25, 


240. 


241. 


242. 


243. 


244. 


245. 


246. 


247. 


248. 


Hou X, Xu J, Wang J, Yu Y. Can antidepressants prevent peglyated 
interferon-o/ribavirin-associated depression in patients with chronic 
hepatitis C: meta-analysis of randomized, double-blind, placebo- 
controlled trials? PLOS One. 2013; 8:e76799. 


Udina M, Higdalgo D, Navines R et al. Prophylactic antidepressant 
treatment of interferon-induced depression in chronic hepatitis C: a 
systematic review and meta-analysis. J Clin Psychiatry. 2014; 75:10. 


Quarantini LC, Miranda-Scippa A, Schinoni MI et al. Effect of amantadine 
on depressive symptoms in chronic hepatitis C patients treated with 
pegylated interferon: a randomized, controlled pilot study. Clin 
Neuropharmacol. 2006; 29:138-43. 


Dabaghzadeh F, Ghaeli P, Kahalili H et al. Cyproheptadine for prevention 
of neuropsychiatric adverse effects of efavirenz: a randomized clinical 
trial. AIDS Patient Care STDs. 2013; 27:146-54. 


Yudofsky SC. Beta-blockers and depression: the clinician’s dilemma. 
JAMA. 1992; 267:1826-7. 


Pedrol E, Llibre JM, Tasias M et al. Outcome of neuropsychiatric 
symptoms related to an antiretroviral drug following its substitution by 
nivirapine: the RELAX study. HIV Med. 2015; 16:628-34. 


Gleason OC, Yates WR, Isbell MD et al. An open-label trial of citalopram 
for major depression in patients with hepatitis C. J Clin Psychiatry. 2002; 
63:194-8. 


Hauser P, Khosla J, Aurora H et al. A prospective study of the incidence 
and open-label treatment of interferon-induced major depressive disorder 
in patients with hepatitis C. Mol Psychiatry. 2002; 7:942-7. 

Chen W, Lai H, Su W et al. Bupropion for interferon-alpha-induced 
depression in patients with hepatitis C viral infection: an open-label study. 
Psychiatry Investig. 2015; 12:142-5. 

Brustolium D, Ribiero-dos-Santos R, Kast RE et al. A new chapter opens 
in anti-inflammatory treatments: the antidepressant bupropion lowers 
production of tumor necrosis factor-alpha and interferon-gamma in mice. 
Int Immunopharmacol. 2006; 6:903-7. 

Camacho A, Ng B. Methylphenidate for alpha-interferon induced 
depression. J Psychopharm. 2006; 20:687-9. 

Malek-Ahmadi P, Prabhu F. Venlafaxine for treatment of interferon alfa- 
induced depression. Ann Pharmacother. 2006; 40:2075. 

Davidson J. Seizures and bupropion: a review. J Clin Psychiatry. 1989; 
50:256-61. 

De Picker L, Van Den Eede F, Dumont G et al. Antidepressants and the 
risk of hyponatremia: a_ class-by-class review of literature. 


718 


Psychosomatics. 2014; 55:536-47. 


719 





ss Ny 


CHAPTER 19 


Anxiety 


Julie A. Dopheide and Seth Gomez 


Each individual, no matter how healthy, has experienced symptoms of anxiety at 
some point in his or her life. Anxiety can be adaptive and help individuals to 
prepare and enhance their performance; it also drives one to be more cautious in 
potentially dangerous circumstances. For example, occasional low-level anxiety 
can motivate an individual to prepare for an examination, professional presentation, 
or help one avoid walking alone in a high crime area. In contrast, when persistent 
anxiety above an individual’s tolerability threshold causes undue distress, 
discomfort, and impairs functioning, it is considered maladaptive and therefore a 
disorder. If left untreated, anxiety may lead to other conditions, such as depression 
or alcohol abuse.!* The Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5), includes a diagnosis of substance or medication-induced 
anxiety, a clear indication that medications are an increasingly well-recognized 
contributor to signs and symptoms of anxiety.! A patient presenting with anxiety 
symptoms should be carefully assessed to determine whether a primary anxiety 
disorder is present, whether the symptoms are situational, or whether the symptoms 
are secondary to a drug. A combination of these factors is also possible.!4 
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CAUSATIVE AGENTS 


Drugs that may induce anxiety are listed in Table 19-1.**° Drugs from a variety of 
classes have been implicated as causes of anxiety. These include central nervous 
system (CNS) agents, cardiovascular drugs, anti-infectives, hormonal products, 
cancer chemotherapy agents, nonprescription medications and herbal supplements, 
and illicit drugs, among others. The DSM-5 diagnostic criteria for 
substance/medication-induced anxiety involves predominant panic attacks or 
symptoms of anxiety developing soon after substance intoxication or withdrawal, or 
after exposure to a medication. To meet the criteria, the symptoms should cause 
clinically significant distress or impairment in social, occupational, or other 
important areas of functioning.' Individuals who develop anxiety after taking drugs 
listed in this chapter experience a wide range of symptoms and symptom severity. 
Individual agents that cause specific symptoms of anxiety are presented when a 
description of the type of drug-induced anxiety is available. 





Table 19-1 Agents Implicated in Drug-Induced Anxiety 





Level of 

Drug Incidence Evidence? 
Amphetamines4-8,c A 
Anabolic steroids7,9,73 B 
Antipsychotics 10,11 B 
Aripiprazole 10,12 B 
Armodafinil50-53,c A 
Atomoxetine7,56,57 NK B 
Abacavir62 NK C 
Baclofen7,d NK C 
Barbiturates7,d B 
Benzodiazepines6,7,13,14,d A 
B-blockers7,15,16,d B 
Bitter orange (synephrine)38 B 
Brexpiprazole76 B 
Bupropion4,7,c B 

10-30% A 

Fl 


Caffeine4,7,17,18,c,d 

Cannabis 1,19,d 

Cariprazine77 
Carisoprodol63,d 
Clomiphene49 

Cocaine 1,4 

Cycloserine20 

Dopamine agonists7,21 
Dopamine antagonists7,10,21,d 
Dronabinol7 

Efavirenz7,60,61,c 
Ephedrine7,22 
Estrogen23-25,72,e 
Flumazenil7,20,c 
Fluoroquinolones7,26 
Gabapentin27,d 
Glucocorticoids7 1 
Gonadotropmn-releasing hormone agonists28 
Guarana7,22 

Ifosfamide7 

Levodopa7,58,59,d 

Lidocaine7 

Montelukast65,c 
Mefloquine29,30,c 
Methylphenidate, dexmethylphenidate4-8,3 | 


Metoclopramide7,d 





Modafinil8,32 

Nicotine4,7,33,d,f 

Nonsteroidal anti-inflammatory drugs7,34,c 
Opioids20,23,54,d 

Phencyclidine 1,4 


Pregabalin7,55,d 
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Progesterone24,78 10-30% B 
Pseudoephedrine4,7,35 A 
Raltegravir80 C 
Selective serotonin reuptake inhibitors4,7,36,37,c,d A 
Serotonin norepinephrine reuptake mhibitors7,c,d C 
Theophylline7,41,c A 
Thyroid hormone supplementation4,74,75,c B 
Topiramate66-69,c NK C 
Valerian42,43,d NK B 
Varenicline44,45,70 NK A 
Vinblastine46,47,c NK C 
Yohimbine4,7,48,c NK B 
Ziprasidone 10,11 10-20% B 


NK = not known. 
aFor all drugs listed, anxiety may occur during both treatment and withdrawal unless otherwise specified. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cAnxiety only occurs during treatment (not during withdrawal). 


dAnxiety only occurs during withdrawal (not during treatment). 
eAnxiety may occur during fluctuations in plasma concentrations. 


fIncludes cigarettes and nicotine replacement therapies (gum, lozenge, inhalers, patches). 


CNS-ACTIVE AGENTS 


Anxiety is associated with intoxication and withdrawal from drugs of abuse such as 
cocaine, methamphetamine, and phencyclidine.*’ Anxiety is also a well-known 
effect of stimulating substances such as caffeine, nasal decongestants (e.g., 
pseudoephedrine), and amphetamines.!:!7!®> Stimulant medications including 
dextroamphetamine, amphetamine, methylphenidate, and dexmethylphenidate have 
been associated with new-onset or worsening anxiety in susceptible individuals.*® 
Anxiety 1s uncommon when these agents are used at recommended doses for 
attention deficit/hyperactivity disorder (ADHD). In fact, some studies report 
improvements in anxiety symptoms when patients with ADHD are treated with 
methylphenidate (children) and mixed amphetamine salts (adults).*!** The use of 
atomoxetine, a nonstimulant medication for ADHD, may prompt early 


7 


NO 
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discontinuation due to anxiety symptoms. Atomoxetine-associated anxiety may be 
particularly problematic in individuals with developmental disabilities or 
epilepsy.°°>/ 

Selective serotonin reuptake inhibitors (SSRIs), serotonin norepinephrine 
reuptake inhibitors (SNRIs), and some tricyclic antidepressants (TCAs) are 
effective treatments for anxiety and depressive disorders when used at 
recommended doses for longer than 4 weeks. It is also important to recognize that 
new-onset or worsening anxiety 1s possible during the initiation of treatment, during 
a dose increase, or after abrupt discontinuation of therapy with these agents.*© 

Anxiety is also common when CNS depressant agents such as barbiturates, 
benzodiazepines, and opioids are discontinued abruptly after long-term use.*3734 
Benzodiazepines relieve anxiety via potentiation of y-aminobutyric acid (GABA), 
an inhibitory neurotransmitter.47> After 2-4 weeks of treatment with 
benzodiazepines, receptor dependence develops and significant withdrawal 
symptoms can occur when a dose is missed or when therapy is discontinued.*:!>)!4 
Anxiety associated with benzodiazepine withdrawal is frequently described as 
worse than the pretreatment anxiety for which therapy was initiated. Abrupt 
discontinuation of high-dose benzodiazepines produces the most severe 
withdrawal-associated anxiety. Abrupt discontinuation of benzodiazepines with 
shorter half-lives and no significant active metabolite (e.g., alprazolam) 1s 
particularly anxiety-provoking. !*:!4 

Carisoprodol, a muscle relaxant, is increasingly recognized for its abuse 
potential and is now considered a controlled substance (C-IV) in the United States. 
As more individuals misuse and abuse carisoprodol, the number who experience 
withdrawal and associated anxiety will also likely increase.®* Valerian is an herbal 
product that modulates GABA in the CNS and is used for anxiety and insomnia.*”’> 
Symptoms of worsening anxiety and insomnia have been reported after abrupt 
discontinuation of valerian, suggesting that dependence occurs over time, an effect 
similar to that associated with benzodiazepines.4>? 

Certain anticonvulsants may also precipitate drug-induced anxiety symptoms. 
Gabapentin and pregabalin employ similar mechanisms of action and both are 
associated with anxiety upon withdrawal of therapy.’*’>° Topiramate-induced 
anxiety can also be problematic at low doses (<100 mg/day) leading to 
discontinuation or requiring additional treatment in 2—5.5% of migraneurs.© Three 
case reports of topiramate-induced new onset panic attacks occuring 3—6 weeks 
after intiation have also been described.” 

Varenicline is a selective ayf5-nicotinic acetylcholine partial receptor agonist 
that is indicated for smoking cessation. During a controlled clinical trial in 250 
Asian patients taking varenicline, 5.6% developed anxiety compared with 2.4% in 
the placebo group.“ Case reports of insomnia, anxiety, depression, and psychosis 


724 


associated with varenicline therapy for smoking cessation prompted the U.S. Food 
and Drug Administration (FDA) to issue a public health advisory in January 
2008.* More detailed evaluations of the neuropsychiatric effects of varenicline 
have since been conducted that show the risk of varenicline-associated anxiety may 
be confined to individuals with pre-existing psychiatric disorders./*? In 
individuals without pre-existing psychiatric disorders, there was a nonsignificant 
trend toward increased anxiety associated with varenicline.’” Available evidence 
indicates that any person taking varenicline is at risk for treatment emergent anxiety, 
but this is more likely to occur in individuals with pre-existing psychiatric 
disorders. 


STEROIDS AND HORMONES 


Steroids and several hormones have been associated with mood swings, including 
anxiety. Anxiety is a well-known adverse effect associated with the use of 
glucocorticoids and anabolic steroids, including nandrolone, oxymetholone, 
stanozolol, and oxandrolone.””:’! Anxiety provoked by these steroidal agents is less 
common than rage, aggression, and irritability, but panic attacks and worsening 
anxiety have all been described.””’! The steroidal hormones estrogen, 
progesterone, and testosterone, are associated with anxiety, particularly during 
fluctuating plasma concentrations that occur in association with certain medical 
conditions or age-related decline (e.g., hypogonadism, reproductive-age 
transitions), and from exogenous hormone supplementation or withdrawal.7>4-/ 
The severity of anxiety induced by hormone changes is related to sex, individual 
susceptibility, and the degree of fluctuation in plasma concentrations. For example, 
estrogen replacement and withdrawal have been linked to worsening anxiety, 
insomnia, and panic attacks in susceptible women.’7*-”* A wide range in severity of 
anxiety symptoms associated with estrogen concentration changes have been 
reported in premenstrual, postpartum, and perimenopausal women; plasma estrogen 
concentrations decline before stabilizing at menopausal concentrations.*+°° 
Similarly, low concentrations of testosterone in women with age-related decline in 
androgens and men with hypogonadism may induce anxiety or depression; 
testosterone replacement in these individuals may improve anxiety symptoms.*° 
Furthermore, new onset anxiety occurs in 8.9% of older males treated with the 
gonadotropin-releasing hormone (GnRH) agonists leuprolide and goserelin for 
treatment of prostate cancer, emphasizing the role of low testosterone 
concentrations in the emergence of anxiety symptoms.*? Dependence and abuse of 
testosterone and testosterone analogues for recreational use and performance 
enhancement is also associated with greater self-report of anxiety and anxiety 
disorders.” Therefore, anxiety symptoms may occur during times when plasma 
testosterone concentrations are in excess or deficient and may occur in both women 
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and men.*?*!:87.88 Danazol is an androgen that may be used for the treatment of 
endometriosis and fibrocystic breast disease. The risk of danazol-induced anxiety 
and irritability is similar to that associated with leuprolide and goserelin.’ 

Clomiphene is a selective estrogen receptor modulator used to induce ovulation 
in the treatment of infertility. In a self-reported survey using the State-Trait Anxiety 
Inventory, 25.9% (n = 162) of patients reported anxiety as an adverse effect of 
clomiphene, while other possible symptoms of anxiety including forgetfulness and 
difficulty concentrating occurred in approximately 19% of patients.*? In the same 
study, human menopausal gonadotropin use was associated with even higher rates 
of anxiety; however, anxiety rates were also correlated with the number of years 
spent trying to conceive. This suggests that the duration of infertility is also anxiety- 
provoking.” 

Thyroid hormone supplementation does not routinely lead to anxiety. However, 
excessive doses may result in emotional symptoms, such as feeling “on edge” or 
jittery, as well as physical symptoms, including sweating or tachycardia.* One 
study of 40 women with subclinical hypothyroidism describes significantly 
elevated anxiety scores in 8 of 20 women treated with thyroxine 50—100 mcg/day, 
as compared with only 1 of 14 women treated with placebo.’ Thyroid supplements 
containing triiodothyronine, thyroxine, desiccated thyroid, or tiratricol can cause 
tachycardia and general anxiety symptoms as well.’ 


ANTI-INFECTIVE AGENTS 


Anti-infective agents have been associated with neuropsychiatric adverse effects 
including anxiety, although the frequency is difficult to predict because of multiple 
possible mechanisms and confounding variables.’*°°? Fluoroquinolones are the 
class of antibiotic agents associated with the highest incidence of adverse CNS 
effects, including anxiety and insomnia.’*° Efavirenz is the most well-known 
antiretroviral agent to cause neuropsychiatric effects including anxiety.©°! One 
case report of abacavir-induced anxiety in a pediatric male and postmarketing 
reports of worsening anxiety associated with raltegravir in patients with pre- 
existing psychiatric disorders have been documented.®**? Although other 
neuropsychiatric effects may occur, it is uncommon for antiretroviral medications 
other than efavirenz to induce anxiety.°! 

Antimalarial agents, especially mefloquine, may cause adverse 
neuropsychiatric effects including depression and anxiety, in children and 
adults.2?°°.° In one published case a 10-year-old child experienced feelings of 
impending doom, panic, a spider phobia, separation anxiety, and multiple physical 
symptoms of anxiety (hyperventilation, restlessness, insomnia) after taking 
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mefloquine for 2 weeks during a trip to Africa. Symptoms slowly resolved over 1— 
3 months after the drug was discontinued.??° 


OTHER AGENTS 


Cancer chemotherapy regimens can provoke a variety of neuropsychiatric effects 
such as emotional lability associated with ifosfamide, anxiety symptoms induced by 
vinblastine, or hallucinations and confusion attributed to chlorambucil or 
cytarabine, respectively. However, intolerable anxiety symptoms are not commonly 
reported with these agents. 74°47 

Angiotensin-converting enzyme inhibitors, B-blockers, statins, and nonsteroidal 
anti-inflammatory agents (NSAIDs) may cause anxiety.”!°"* Among the NSAIDs, 
indomethacin is associated with the largest number of case reports of treatment- 
associated anxiety and other psychiatric symptoms.** Physical symptoms of anxiety 
including tremors and tachycardia are a known adverse effect of bronchodilator 
agents such as albuterol and theophylline. The leukotriene receptor antagonist 
montelukast, an optional adjunctive treatment for asthma, has been increasingly 
recognized as an inducer of CNS adverse effects including anxiety, particularly in 
children, adolescents, and young adults. The increase in reporting is likely related 
to increased awareness due to a 2008 FDA alert highlighting the behavioral and 
mood changes associated with montelukast.°°! Though montelukast-induced 
anxiety is possible, the combined effects of concurrent use of inhaled 
corticosteroids, oral corticosteroids, or B-agonists should also be considered.™ 
Irritability attributed to montelukast has also been reported in an adult female with 
human immunodeficiency virus concurrently taking efavirenz, suggesting a possible 
interaction between these drugs.?* Due to the lack of systematic reports and routine 
assessment for neuropsychiatric adverse effects, it is impossible to determine an 
incidence of anxiety associated with most of the aforementioned agents. 


EPIDEMIOLOGY 


Estimates of the relative likelihood of anxiety induced by specific drugs based on 
available evidence are provided in Table 19-1. The 12-month prevalence of 


primary anxiety disorders in the general population is provided in Table 19-2.! 


Table 19-2 12-Month Prevalence of DSM-5 Anxiety Disorders in 


the General Population! 













Anxiety Disorder Prevalence (“%) 


Substance or medication-induced anxiety disorder 





TZ] 


0.002a 


Generalized anxiety disorder 29 
Separation anxiety disorder 0.9-1.9 
Social anxiety disorder ‘ 
Agoraphobia 1.7 
Panic disorder 2-3 
Panic attacks (isolated) 11.2 
Post-traumatic stress disorderb 3.5 
Obsessive—compulsive disorderb 1.2 


DSM-V = Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition. 
ansM-s5 States the prevalence is likely higher in clinical populations relative to that reported in epidemiological 


studies. 
bpgjy-s has reclassified post-traumatic stress disorder and obsessive-compulsive disorder into trauma and 


stress related disorders and obsessive-compulsive and related disorders, respectively. 


MECHANISMS 


For most agents, mechanisms of drug-induced anxiety are poorly or incompletely 
understood. Possible or probable mechanisms of drug-induced anxiety, where 
known, are presented in Table 19-3.°-7!%:202335°3 One of the best-understood 
mechanisms for drug-induced anxiety involves increasing noradrenergic outflow 
from the locus coeruleus of the CNS. Stimulants, yohimbine, and withdrawal from 
benzodiazepines or opioids all appear to increase noradrenergic outflow from the 
CNS.® 773.934 Pseudoephedrine, ephedrine, and bitter orange (synephrine) produce 
dose-related symptoms of anxiety via o,-adrenergic stimulation that increases 


nervousness centrally, causing vasoconstriction and a “jittery” or restless feeling. 
Anxiety associated with withdrawal from carisoprodol is believed to be due to 
declining concentrations of one of its metabolites, meprobamate, a compound that 


may activate GABA, receptors in a manner similar to that of benzodiazepines. 
Topiramate inhibits the enzyme carbonic anhydrase leading to elevations in central 
concentrations of CO, which is thought to provoke panic symptoms.°”-° 
Gabaminergic mechanisms are likely involved when anxiety occurs during abrupt 
discontinuation of therapy with gabapentin or pregabalin; however, mechanisms of 
anxiety associated with these anticonvulsants require further study.”’°> 

Caffeine and guarana (an herbal form of caffeine derived from the plant 


Paullinia cupana) exert anxiogenic effects through antagonism of adenosine 
receptors and the phosphodiesterase enzyme, resulting in excessive 


neurotransmitter activity.!”!®?3 Anxiety associated with nicotine withdrawal is 
believed to occur because of a lack of stimulation of dopaminergic reward centers 
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in the brain upon abrupt discontinuation.°7> Although overuse of inhalers containing 
B-agonists such as albuterol can also provoke anxiety symptoms, tremors and 
anxiety are common in individuals taking these drugs even at normal doses. The 
likely mechanism is direct stimulation of postsynaptic B-adrenergic receptors 
causing palpitations, tremors, and the general feeling of anxiety. 


Table 19-3 Mechanisms of Drug-Induced Anxiety 


Drug Mechanism 

Amphetamines, methylphenidate, stimulants, bupropion, | Inhibition of norepinephrine and dopamine reuptake in 

ziprasidone3-7,35,93,97 the presynaptic neuron and stimulation of dopamine 
receptors 

Benzodiazepine withdrawal4, 13,20,23 Decreased GABA activity and increased 


noradrenergic outflow from the CNS associated with 
benzodiazepine withdrawal 


Caffeine, guarana, theophylline4,17,18,20,22,23 Antagonism of adenosine receptors and 
phosphodiesterase inhibition 

Carisoprodol withdrawal63 Decreased GABA activity due to declining 
concentrations of the metabolite meprobamate 

Dopamine agonists and antagonists20,23,97 Fluctuating dopaminergic tone in the CNS 

Gonadotropin-releasing hormone analogues28 Suppresses secretion of gonadotropins LH and FSH 


from the pituitary gland which leads to decreased 
production of estrogen or testosterone 


Steroidal hormones23,78,87,a Dysregulation of neurotransmitters in the CNS 
Estrogen Estrogen concentration decline causes 5-HT 
Progesterone dysregulation 
Progesterone metabolism modulates GABA 
Opioid withdrawal20,23,54,94 Decreased opioid receptor activity and increased 
noradrenergic outflow from CNS 
Selective serotonin reuptake inhibitors, serotonin Neurotransmitter reuptake inhibition (serotonin, 
norepinephrine reuptake inhibitors, tricyclic norepinephrine, dopamine) 
antidepressants4,20,23 
Topiramate61-69 Possibly through mhibition of carbonic anhydrase 


leading to an increase in central CO7 


5-HT = 5-hydroxytryptamine, GABA = gamma-ammnobutyric acid, CNS = central nervous system, CO? = 
carbon dioxide, LH = luteinizing hormone, FSH = follicle-stimulating hormone. 
aAnxiety may occur during fluctuations in plasma concentrations. 


Withdrawal from levodopa therapy may trigger a plethora of nonmotor 
symptoms including anxiety in people with Parkinson disease. Off periods, 
including early mornings, appear to be associated with higher rates and greater 
severity of anxiety symptoms due to the decline of dopamine concentrations in the 
brain.°8°?> Interestingly, use of dopaminergic agonists, such as rotigotine and 
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pramipexole, may be associated with fewer nonmotor symptoms compared to 
levodopa formulations due to their longer duration of action.°°».”© However their 
impact on reducing anxiety symptoms has not been determined. Withdrawal of 
therapy with dopaminergic agonists or administration of dopaminergic antagonists 
can cause significant functional-impairing anxiety in individuals with dopaminergic 
deficits caused by Parkinson disease. ”° 


Antipsychotics and antidepressants may induce akathisia on initiation and 
during dose titration. Antagonism of dopamine receptors in the nigrostriatal tract 
associated with first-generation antipsychotics such as haloperidol, or second- 
generation antipsychotic agents including risperidone, ziprasidone, aripiprazole, 
brexpiprazole, and cariprazine can lead to extrapyramidal effects including 
akathisia, which is a subjective feeling of inner restlessness. Akathisia 1s frequently 
accompanied by, or described as, an intolerable feeling of anxiety,!0!?-/677 
Furthermore, aripiprazole, brexpiprazole, and cariprazine act to some degree as 
partial dopamine agonists at dopamine receptors leading to behavioral activation 
and anxiety in some individuals. In general, antipsychotic agents that block 
dopamine receptors but exert no significant anticholinergic blockade are more 
likely to cause anxiety or akathisia. Additionally, ziprasidone inhibits the reuptake 
of norepinephrine and serotonin to a degree similar to that of the TCA imipramine, 
which may initially exacerbate anxiety symptoms in susceptible individuals.” 
Neurotransmitter reuptake inhibition with SSRIs, SNRIs, and TCAs can precipitate 
anxiety due to acute changes in neurotransmitter activity that occur during intiation 
of therapy or a dose increase, and can also occur during abrupt discontinuation of 
therapy leading to withdrawal symptoms.°°>’ 


Anxiety caused by fluctuating plasma concentrations of hormones has been well 
described, although the mechanism of anxiogenesis is poorly understood. Estrogen 
exerts multiple complex effects on neurotrophins, cortisol, and neurotransmitter 
systems.7* One theory linking estrogen dysregulation to anxiety involves estrogen’s 
role in effective serotonin use. When plasma estrogen concentrations decline 
significantly, the associated serotonin dysregulation causes anxiety.*? Progesterone 
deficiency and supplementation has been linked with anxiety and irritability in 
women.”*4 One potential mechanism involves progesterone’s neuroactive steroid 
metabolites (e.g., 5-tetrahydroprogesterone, allopregnanolone), which are 
allosteric modulators of GABA,, causing anxiolytic effects in some and anxiogenic 
effects in others, depending on an individual’s genetic susceptibility to anxiety and 
progesterone metabolite formation.’**’ In addition, progesterone possesses some 
antiestrogen activity that can precipitate anxiety in some individuals.*? GnRH 
agonists are synthetic derivatives of the native decapeptide produced by the 
hypothalamus, and may cause anxiety via reversible suppression of the synthesis 
and release of luteinizing and follicle-stimulating hormones which ultimately leads 
to reduced synthesis of sex hormones (e.g., testosterone).*® Similarly, GnRH 
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antagonists can be expected to induce anxiety by suppressing gonadotropin hormone 
release. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 





Signs and symptoms associated with drug-induced anxiety are listed in Table 19-4. 
An individual with significant anxiety experiences a combination of physical, 
emotional, and cognitive symptoms that may challenge his or her ability to interact 
with others, think clearly, or participate in the activities of daily living. Table 19-4 
differentiates physical, emotional, and cognitive symptoms of anxiety that may be 
further rated as mild, moderate, or severe, depending on the impact of these 
symptoms on the individual’s ability to function. 


Table 19-4 Signs and Symptoms Associated with Drug-Induced 


Anxiety!-4,8-16 





Emotional 


* Fear of “going crazy” 

¢ Fear of losing control 

* Feeling “on edge” 

* Feeling jittery 

* Feeling of impending doom 
* Feelings of inferiority 

¢ Irritability 

* Sadness 

* Tearfulness 


Cognitive 

¢ Blanking out 

¢ Difficulty concentrating 
¢ Extreme worries 

¢ Intrusive thoughts 

¢ Irritability 

* Obsessive thoughts 

* Rapid or racing thoughts 


Physical 

* Chest pain 

* Choking sensation 

* Diarrhea 

* Difficulty speaking 

¢ Exaggerated startle response 
¢ Exhaustion 

* Fatigue 
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* Fidgeting 

° Flushing 

* Hypervigilance 

* Insomnia 

¢ Nausea, vomiting 
* Palpitations 

* Poor eye contact 
* Restlessness 

¢ Shaky voice 

* Tearfulness 

* Tremulousness 


Patient assessment should begin by documenting the patient’s experience of 
anxiety subjectively and objectively. Both clinician-rated (e.g., Hamilton Anxiety 
Rating Scale) and self-rated standardized anxiety scales (e.g., Beck Anxiety 
Inventory) are useful to establish objective measures of anxiety and to monitor 
persistence or remittance of symptoms over time.+°?? However, these tools are 
unable to link the symptoms to the cause (e.g., drug-induced anxiety). The 
clinician’s interview is crucial to investigate whether symptoms are likely drug- 
induced by establishing the time course of the onset of anxiety in relation to 
initiation or discontinuation of drug therapy. 


An individual’s sensitivity to experiencing caffeine-induced anxiety can vary 
greatly, but emotional, cognitive, and physical symptoms are all possible. During 
acute consumption, symptoms of anxiety generally manifest within 15—30 minutes 
after ingesting between 200 and 500 mg of caffeine or 3—5 cups of brewed coffee 
or may occur as caffeine withdrawal 1-2 days after abrupt discontinuation.!:!”!8 
The onset of anxiety symptoms associated with benzodiazepine withdrawal is 
related to the half-life of the specific agent. For short- to intermediate-acting agents 
such as alprazolam or lorazepam, withdrawal symptoms can occur within 6—24 
hours of abrupt cessation, whereas withdrawal symptoms can occur within 2-3 
days of discontinuing benzodiazepines with longer half-lives, such as clonazepam 
or diazepam.!*:'4 Withdrawal syndromes associated with carisoprodol include 
symptoms of anxiety, tremors, restlessness, and irritability, among other somatic 
and neuropsychiatric effects such as headache and insomnia.® Restlessness, 
irritability, tremor, and sweating combined with elevated blood pressure have been 
reported during pregabalin withdrawal.’>> Similar anxiety symptoms accompanied 
by diaphoresis and palpitations are reported with gabapentin therapy.~’ 


It can be difficult to distinguish drug-induced anxiety from other possible 
causes of anxiety in many patients. Conditions to consider in the differential 
diagnosis of drug-induced anxiety are listed in Table 19-5.!4.19.!>-!73196 A thorough 
physical examination and medication and substance abuse history are necessary for 
a comprehensive assessment. Associated symptoms that are more indicative of 
substance-induced anxiety versus a primary anxiety disorder include new-onset 
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panic attacks after the age of 45 years, vertigo or loss of balance, loss of bladder or 
bowel control, and slurred speech or amnesia. Also, drug-induced anxiety typically 
does not meet the duration criteria for a primary anxiety disorder. For example, to 
meet the criteria for generalized anxiety disorder, anxiety symptoms must cause 
functional impairment for 6 months.'* In individuals with cancer, distinguishing 
drug-induced anxiety is particularly difficult because of high levels of situational 
anxiety related to the diagnosis and the need to endure treatment over months to 
years.*6 


Table 19-5 Conditions to Consider in the Differential Diagnosis 
1,4,10,15-17,31,96 


of Drug-Induced Anxiety 





¢ Addison disease 

* Akathisia 

* Asthma 

¢ Attention-deficit hyperactivity disorder 
* Cardiomyopathies 

* Chronic obstructive pulmonary disease 
* Chronic pain 

* Cushing syndrome 

* Delirium 

« Dementia 

* Electrolyte abnormalities 

¢ Fibromyalgia 

* Hypertension 

* Hyperthyroidism or Graves disease 
* Hypoglycemia 

* Irritable bowel syndrome 

* Mitral valve prolapse 

* Multiple sclerosis 

* Parkinson disease 

* Perimenopause 

* Pheochromocytoma 

¢ Premenstrual dysphoric disorder 

¢ Premenstrual syndrome 

* Seizure disorder or epilepsy 

¢ Systemic lupus erythematosus 

* Traumatic brain injury 


Table 19-6 outlines a systematic approach to patient assessment and lists key 
questions useful in assessing drug-induced anxiety and differentiating it from a 
primary anxiety disorder.*°’ Laboratory or other diagnostic tests are useful to 
determine whether there is an underlying medical cause or associated medical 
problem such as hyperthyroidism or mitral-valve prolapse and to identify 
substances potentially involved via urine toxicology tests. 
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Table 19-6 Clinical Assessment and Differential Diagnosis of 
4,88 





Drug-Induced Anxiety 


Diagnostic interview 


1. Record emotional, cognitive and physical symptoms of anxiety. 

2. Rate each symptom as mild, moderate or severe using standardized anxiety rating scales (e.g., HAM-A, 
GAD-7) 

3. Document functional impairment from anxiety 

4. Conduct medication and substance abuse history 


Key questions 


“Yes” responses increase likelihood of drug-induced anxiety 

. Does individual have current psychiatric illness? 

. Does individual have a chronic medical illness? 

. Is situational anxiety considered unlikely? 

. Did the onset of anxiety happen within | week of the initiation of a substance or an f or | in dose of a 
substance? 


BRWN eR 


Physical assessment 


1. Physical examination 

2. Record vital signs 

3. Obtain toxicology screen 

4. Obtain appropriate laboratory and diagnostic tests (e.g., TFTs if hyperthyroidism, ECG if cardiac symptoms 
reported) 


ECG = electrocardiogram, HAM-A = Hamilton Anxiety Rating Scale, GAD-7 = generalized anxiety disorder 7- 
item scale, TFT = thyroid-function test. 


RISK FACTORS 


Risk factors for drug-induced anxiety are listed in Table 19- 
Clinical studies show that individuals with an existing anxiety disorder or elevated 
levels of anxiety, particularly panic disorder (PD) or post-traumatic stress disorder 
(PTSD), are especially sensitive to worsening panic attacks, hypervigilance, and 
exacerbated anxiety when taking even low doses of drugs known to cause 
anxiety.7>7543.99.100 For example, a controlled trial of the anxiogenic effects of the 
dopaminergic agonist bromocriptine and the dopaminergic antagonist sulpiride 
found that stimulation of dopaminergic function may cause anxiety in high-anxiety 
individuals at baseline and may exert anxiolytic effects in low-anxiety and 
otherwise healthy individuals.*! Furthermore, individuals with primary anxiety 
disorders including social anxiety disorder (SAD), generalized anxiety disorder 
(GAD), and obsessive—compulsive disorder (OCD) are more susceptible to 
worsening anxiety associated with well-known anxiogenic substances such as 
caffeine or stimulants. Patients with a history of PD are more likely to experience 
panic attacks after use of glucocorticoids, especially in younger adults between the 


a 1-4,13,14,24,39,96,97 
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ages of 18 and 30 years.’! Other psychiatric illnesses, including schizophrenia, 
schizoaffective disorder, bipolar disorder, and ADHD are associated with higher 
rates of anxiety and anxiety disorders compared with the nonaffected population. 
For this reason, drug-induced anxiety is also more common in these patients.!74 
Parkinson disease can be considered a risk factor given the high rates of anxiety in 
this population and particularly during the off-period where anxiety is significantly 


more severe. i 


Table 19-7 Risk Factors for Drug-Induced Anxiety!- 


4,13,14,24,37,88,93,108,109 


¢ Primary anxiety disorder(s) 

¢ Presence of any chronic psychiatric illness (e.g., bipolar disorder, major depression, schizoaffective disorder, 
schizophrenia) 

* Presence of chronic medical condition(s) 

¢ Use of more than one drug(s)/substance(s) known to provoke anxiety 

* Currently withdrawing from sedative—hypnotic medication 

* Currently withdrawing from alcohol or another substance of abuse 

¢ Elevated plasma concentrations of potentially anxiety-provoking agents 

¢* ADORA2A2 gene polymorphisms in panic disorder, caffeine and amphetamine users 





Multiple genes encoding for proteins or enzymes have been identified that 
confer risk of developing an anxiety disorder.” For example, in PD, 
polymorphisms in genes encoding monoamine oxidase-A (MAO-A) in females, 
cholecystokinin receptors, several serotonin receptor subtypes (e.g., 5-HT,,), and 


tryptophan hydroxylase 2 are possible risk factors.'°~-!9° Serotonin gene 
polymorphisms (5-HTTLPR), particularly the SS genotype, are probable risk 
factors for developing PTSD in nonhispanic black veterans and following exposure 
to combat or genocide trauma.!*!°° The SS genotype may also confer risk of 
developing social anxiety symptoms. !°° 


Despite the growing evidence of candidate genes involved in_ the 
psychopathogenesis of anxiety disorders, PTSD, and OCD, the influence of genetic 
polymorphisms and their phenotypes on exacerbation or development of anxiety 
symptoms upon exposure to anxiogenic drugs is not well defined. Single nucleotide 
polymorphisms, rs5751876 (1976 C/T) and rs35320474 (2952 C/Tins), within the 
ADORAZ2A genotype may confer risk of anxiety in light caffeine users (<300 mg of 
caffeine per week).!°7 The genetic polymorphism 1976T/T-2592 Tins/Tins may 
also be a factor that contributes to the heightened anxiety observed after 10-20 mg 
of amphetamine administration in individuals who are light smokers (<10 cigarettes 
per week) and moderate caffeine consumers (1-2 cups per day).!°”!° The A2A 
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polymorphism may also be a shared genetic trait in individuals with PD, which 
could explain the increased sensitivity to caffeine in this population. !®:!°” 


Risk and intensity of anxiety during nicotine withdrawal is a function of the 
amount of daily nicotine use and individual sensitivity to withdrawal discomfort. 
However, nicotine-dependent individuals with a comorbid primary anxiety or 
mood or substance use disorders are more likely to experience a greater number of 
withdrawal symptoms and have higher risk of relapse upon cessation attempts. !!0-!!! 
Thus, nicotine withdrawal anxiety can occur after abrupt cessation of cigarette 
smoking but also after abrupt discontinuation of nicotine replacement therapies such 
as gum, inhalers, lozenges, or, less often, nicotine patches.*? Combining smoking 
cessation products to increase chances of sustained abstinence, such as with 
varenicline and bupropion, also increases the risk of secondary anxiety compared 
to that associated with varenicline monotherapy. !!? 

Individuals who misuse or abuse stimulants or those with narcolepsy taking 
high doses are the most likely to experience intolerable anxiety symptoms. 
Modafinil and its R-enantiomer, armodafinil, are nonstimulant compounds that are 
anxiogenic. Although higher doses (e.g., modafinil doses >400 mg) pose a greater 
risk, individual sensitivity should be considered as anxiogenic effects can occur 
with lower doses.°2>° Modafinil 200 mg and armodafinil 150 mg appear to cause 
anxiety symptoms at comparable rates when used for shift-work sleep disorder.°? In 
addition, severe anxiety, restlessness, and palpitations with armodafinil doses of 
150 mg or more have required discontinuation in clinical trials when used for a 
variety of sleep disorders, schizophrenia, and bipolar depression.°!~*? 


Drug-induced anxiety is more pronounced at higher drug doses. For example, it 
is uncommon for patients to experience anxiety associated with pseudoephedrine at 
doses as low as 30 mg. However, the 120-mg sustained-release dose is associated 
with a greater risk of anxiety.*° Anxiety associated with ephedrine, bitter orange 
(Cypraea aurantium, synephrine), caffeine, guarana, yohimbine, and steroids is 
also dose-related. ’:!32387! Tn addition, drug-induced anxiety is more likely in 
patients with impaired hepatic or renal function who are taking potentially 
causative agents for which the liver or kidney, respectively, contribute substantially 
to drug clearance. 


MORBIDITY AND MORTALITY 


There is no direct connection between drug-induced anxiety and increased 
mortality. However, there is increasing evidence linking anxiety to negative health 
consequences including heart disease, impaired disease recovery, and increased 
propensity for poor health habits such as cigarette smoking and abuse of alcohol 


and other substances.7*-!!*"!!© Anxiety disorders may cause altered hypothalamic- 
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pituitary axis responses secondary to imbalances of cortisol and anti-inflammatory 
and proinflammatory cytokines.''’ For example, tumor necrosis factor-a has been 
found in higher concentrations in individuals with GAD and PTSD.!!7 Imbalances 
of cortisol have also been associated with PTSD, GAD, and OCD. However, it is 
unclear if cortisol imbalances contribute to PD, SAD, or to drug-induced anxiety. 
The impact of these associations on morbidity remain to be elucidated. Although 
elevatations in pro-inflammatory cytokines are recognized as risk factors for 
cardiovascular morbidity, the impact of drug-induced anxiety on risk of 
cardiovascular morbidity or death is unknown. 


PREVENTION 


Approaches to prevention of drug-induced anxiety are listed in Table 19-8. 
Preventing drug-induced anxiety starts with patient assessment to determine 
whether risk factors are present. If one or more risk factors exist, the clinician 
should carefully weigh the risk versus the benefits of initiating therapy with a drug 
known to cause anxiety. Alternative treatments with a lower risk for inducing 
anxiety should be considered. If the drug in question represents the most 
appropriate treatment option, initiation of therapy should be gradual, with careful 
dose titration and monitoring to detect the emergence of anxiety and determine the 
need for treatment with psychotherapeutic or pharmacologic interventions. If 
discontinuation of antidepressant therapy is necessary, the dose should be reduced 
gradually over 2-6 weeks to prevent serotonin withdrawal syndrome (symptoms 
include worsening anxiety or insomnia).*’ If discontinuation of therapy with agents 
known to cause anxiety upon drug withdrawal is necessary (e.g., benzodiazepine, 
barbituates), tapering the dose gradually over weeks to months can minimize the 
risk of anxiety.*!> Doses of drugs known to cause anxiety that predominantly 
undergo renal or hepatic clearance should be reduced appropriately in patients with 
kidney or liver disease, respectively. 


Table 19-8 Approaches to Help Prevent Drug-Induced 
1-4 





Anxiety 


* Assess patient for an underlying anxiety disorder or history of drug-induced anxiety to determine the risk of 
drug-induced anxiety 

* Counsel patient regarding the risk of anxiety when initiating or discontinuing therapy with a potentially 
causative drug 

* Initiate therapy with potentially anxiety-provoking medications slowly, with gradual dose titration. For 
example, initial doses of selective serotonin reuptake mhibitors can be reduced by half 

¢ Minimize use of multiple medications with a risk for inducing anxiety 
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MANAGEMENT 


Management of drug-induced anxiety is largely supportive and typically involves 
lowering doses or discontinuation of the causative agent. For example, anxiety 
symptoms associated with steroid supplementation or hormone replacement 
typically resolve within 2-4 weeks of cessation of therapy.**’* Supportive 
treatment may include reassurance, instruction on relaxation techniques, and 
avoidance of other substances known to cause anxiety. Antidepressant-induced 
anxiety is usually transient during initiation or abrupt discontinuation of therapy. 
Slower dose titration during initiation of therapy and gradual dose tapering during 
discontinuation can minimize or alleviate anxiety symptoms and is critical in 
patients with a history of antidepressant-induced anxiety. Effective management of 
antipsychotic-induced anxiety involves a dose reduction, substituting therapy with 
an antipsychotic agent with lower dopaminergic antagonist activity and more 
histamine antagonism, or treating the anxiety with a f-adrenergic blocker or 
benzodiazepine when the former is not appropriate.!°!! 


In cases in which therapy with the anxiety-provoking agent cannot be 
discontinued (e.g., in patients who are undergoing cancer chemotherapy), temporary 
management with a benzodiazepine can be considered. Lorazepam 0.5—1 mg 
administered two or three times daily offers the advantage of rapid onset (30-45 
minutes), intermediate duration of effect (~ 6-8 hours), and no active metabolites 
that can accumulate. Clonazepam 0.25—0.5 mg administered once or twice daily can 
be considered if less frequent administration is desired, but the onset of effect may 
be longer (1—2 hours) and the drug can accumulate over time because of a long 
half-life of 20-50 hours. The duration of supportive therapy varies based on the 
necessary duration of treatment with the causative agent.* Withdrawing therapy 
slowly and over a longer period of time (over months instead of weeks) may 
attenuate anxiety related to abrupt benzodiazepine discontinuation. Alternatively, 
therapy with an agent that increases GABA activity, such as valproic acid, can be 
initiated to diminish withdrawal symptoms and associated anxiety. ! 


Caffeine-induced anxiety and withdrawal symptoms abate with time (typically 
3-7 days) and may be managed with mild analgesics to treat headache 
symptoms.®!7* There is evidence that exercise attenuates caffeine-induced state 
anxiety in nonsmoking males.!!® Nicotine supplementation with gradual tapering 
can lessen anxiety associated with nicotine withdrawal.” 

The management of anxiety induced by thyroid supplementation includes 
reducing the dose or discontinuing the thyroid supplement and providing patient 


counseling and reassurance as necessary.’* A clinician with expertise in hormone 
regulation should be consulted when patients present with anxiety related to 
hormonal imbalance. Management strategies include hormonal supplementation or 
discontinuation, treatment with antianxiety medication (e.g., SSRIs), or both. 
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INFORMATION FOR PATIENTS 


Individuals prescribed medications known to cause anxiety during treatment or 
withdrawal and those who elect to take nonprescription drugs known to cause 
anxiety should be warned of the risks. Patient education regarding the risk of 
withdrawal symptoms after discontinuation of a CNS-active agent is essential. 
Individualized discontinuation regimens should be developed based on patient 
tolerance. For example, decreasing the dose of a benzodiazepine by 25% per week 
is well tolerated by some patients, but others may require more gradual tapering 
over weeks or even months.*!? Patients who have difficulty withdrawing from 
benzodiazepine therapy because of excessive anxiety should be offered the option 
of therapy with anticonvulsant drugs, as these agents have been used effectively to 
prevent anxiety and other benzodiazepine withdrawal symptoms such as insomnia 
and tremulousness. !*!4 


When drug-induced anxiety occurs, the caregiver should reassure the patient 
that drug-induced anxiety is usually of short duration (days to weeks) and will 
improve after a dose decrease or discontinuation of the causative agent along with 
supportive treatment. Patients at risk for anxiety should be counseled regarding the 
type of anxiety symptoms that may occur in association with the drug (e.g., panic 
attacks, jitteriness, fearful thoughts), the typical time of onset of symptoms, and 
available interventions should anxiety occur. 
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CHAPTER 20 


Psychosis 


Jessica L. Goren 


The term psychosis was first introduced in the 19th century to describe the manner 
in which mental illness, manifested as aberrant behavior, related to both 
psychological and physical well-being. Psychosis is currently defined as an 
impairment of reality testing due to gross distortion or disorganization of reality. 
Patients with psychosis experience gross inaccuracy of perception, even with 
evidence to the contrary. Visual, auditory, tactile, and olfactory hallucinations, 
delusions or fixed false beliefs, and illusions (distortion in perception) often 
characterize the impaired reality testing associated with psychosis. The associated 
physical symptoms can include agitation, anxiety, aggression, pacing, unusual 
behaviors such as talking to someone not visible to others, and withdrawal from 
society. Although psychosis is a relatively common medical disorder, it is not a 
specific diagnosis but rather a feature of many disease states.!* 


CAUSATIVE AGENTS 


Many medications are associated with drug-induced psychosis (Table 20-1) and 
withdrawal psychosis (Table 20-2). !7+ Agents more commonly implicated include 
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amphetamines, anticholinergics, corticosteroids, anabolic steroids, dopaminergic 
agents, ma huang (ephedrine), and tacrolimus.*>>-® The pharmacological diversity 
of these drugs clearly indicates that no single mechanism of action can be fully 
responsible for drug-induced psychosis. In fact, the mechanisms seem to be as 
complex and poorly understood as those associated with idiopathic psychosis. 


The causes of drug-induced psychosis extend beyond U.S. Food and Drug 
Administration (FDA)-approved medications to include herbal and nutritional 
supplements used by many. Several illicit drugs such as lysergic acid diethylamide 
(LSD), psilocybin, and phencyclidine (PCP) induce psychotic states similar in 
presentation to psychosis induced by legal medications.*~!*>-!?’ Increasingly, 
newer synthetic drugs of abuse such as synthetic cathinones (e.g., bath salts) and 
synthetic cannabinoids (e.g., K2, spice) have been associated with psychosis. !2®-!?° 
For all of these agents, drug-induced psychosis may occur at normal doses, 
excessive doses (intoxication) or, occasionally, as a component of a withdrawal 
phenomenon. Chronic exposure can also lead to drug-induced psychosis, 
particularly with synthetic cathinones and cannabinoids. !7®!7? 





Table 20-1 Agents Implicated in Drug-Induced Psychosis 





Corticosteroids43-47 


w 
on 


Drug Level of Evidence* 
Albuterol9-11 C 
Amantadine 12,13 C 
Amphetamines 14-16 A 
Anabolic steroids 17 B 
Angiotensin-converting enzyme C 
inhibitors 1 8-20 

Anticholinergics2 1-29 A 
Bupropion30-32 C 
Caffeine33,34 NK C 
Carbamazepine35-37 NK C 
Celecoxib38 NK C 
Chloroquine39 NK C 
Ciprofloxacin40,41 NK C 


Cyclobenzaprine48,49 <1% 


oe) 
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Cycloserine50,51 
Dapsone52 
Dextromethorphan53,54 
Digoxin20,55 
Diphenhydramine26,29 
Disulfuram5S6,57 
Dopamine agonists58-63 
Doxazosin20 
Dronabinol64,65 
Efavirenz66 
Ephedrine67-69 
Guanfacine70,71 
Ganciclovir72 


Histamine ) blockers73-76 


HMG CoA reductase inhibitors77,78 


Ifosfamide79 
Indomethacin80,8 1 
IsoniazideSO 
Lacosamide82,83 
Lidocaine84 
Ketamine85 


Levetiracetam86,87 


Levodopa—carbidopa58,88 
Levothyroxine89 
Mefloquine90,91 
Meperidine92,93 
Methylphenidate 16,94 
Metoprolol95,96 


Modafinil97 





Monoamine oxidase inhibitors98- 
100,c 
Nitrous oxide 101,102 





>1% 


Z 
nw 


3-10% 


1% 


Z 
re 


Z 
nw 


Z Z 


>| Wl) a; alTal;ay Bw] a 


<1% 


N 


NK 


<12% 
<1% 


<1% 


A 


Z 
re 


12% 


1% adult 
2% pediatric 





0.25%b 
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QO; a; aA] a) &® 


Q 
cu 


QO; a; araralrayaya 


Pseudoephedrine59,103,104 
Quinidine 105,106 <1% 
Sibutramine 107-109 
Tacrolimus 110,111 <15% 


Tiagabine 112 0.8% 


QO; BD} aral;rala 


Trimethoprim— 
sulfamethoxazole 113,114 


QO 


Vigabatrin115,116 


Zolpidem117,118 1-10% 


> 


Zonisamide 115,119 2% 


Z Z Z Z 
A nw nw A 
QD 


HMG CoA = 3-hydroxy-3-methylglutaryl-coenzyme A, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bTherapeutic doses of prescription amphetamines and methylphenidate. 


c Varies by agent. 


dMost commonly in association with mania. 


Table 20-2 Drugs Implicated in Withdrawal Psychosis 






Drug Incidence Level of Evidence* 
Alcoholl20 5% 


ve) 


Benzodiazepines 121,122 


oe) 


Opiates—opioids 123,124 


Z| Z 
Al A 
w 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


In the 19th century, Jacques-Joseph Moreau de Tours was the first psychiatrist to 
describe drug-induced psychosis.” Despite such a long period of awareness of the 
problem, the incidence of drug-induced psychosis is still unknown. Limited data 
exist regarding the incidence of drug-induced psychosis associated with specific 
medications or conditions. In addition, drug-induced psychosis often occurs more 
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commonly in patients with certain diseases and when drugs are abused chronically 
or in high doses. The incidence of psychosis in methamphetamine users was 
reported to be 11 times greater than that of the general population, with 23% of 
users reporting at least one psychotic symptom in the past year.!°° In an FDA meta- 
analysis, therapeutic doses of stimulants caused psychosis in one in 400 children. '4 
Up to 21% of patients with Parkinson disease receiving a dopamine agonist 
experience psychotic symptoms, while fewer than 1% of patients with bipolar 
disorder exhibit similar symptoms.°® Predisposing factors such as very young or 
older age groups, psychiatric and neurologic illnesses, and polypharmacy are 
known to increase the incidence of drug-induced psychosis. 


MECHANISMS 


Psychosis is not a single disorder, but rather a symptom induced by multiple 
mechanisms. Table 20-3 lists some drugs and their mechanism for inducing 
psychosis. The precise pathophysiology of idiopathic psychosis is not well 
understood and even less is known about drug-induced psychosis. Overlap in 
clinical presentation of idiopathic psychosis and psychosis caused by both legal 
and illicit drugs suggests similar mechanisms. Understanding of drug-induced 
psychosis, therefore, may be enhanced by a discussion of the pathophysiology of 
idiopathic psychosis and the psychosis associated with illicit drug use. 








Table 20-3 Mechanisms of Drug-Induced Psychosis2>3»>-8,125- 


127,131-137 





Drug(s) Mechanism(s) 


Amantadine Increased dopamine concentrations in CNS 
Apomorphine 

Bromocriptine 

Levodopa 

Pramipexole 

Ropinirole 

Rotigotine 


Albuterol Increased norepinephrine concentrations 
Disulfiram 

Dronabinol 

Ephedrine 

Ketamine 

Nitrous oxide 


Amphetamine Increased dopamine concentrations in CNS 
Bupropion Increased norepinephrine concentrations in CNS 
Cyclobenzaprine 


Monoamine oxidase inhibitors 
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Methylphenidate 
Pseudoephedrine 
Sibutramine 


Dextromethorphan 
Ketamine 
Phencyclidine 


Anabolic steroids 


Glutamate NMDA receptor antagonist 


Down regulation of serotonin 1B receptor density in the 
hippocampus and globus pallidus 

Up regulation of serotonin 2 receptor density in the nucleus 
accumbens 


Anticholinergics Decreased cholinergic function 
Anticonvulsants Enhanced GABAergic effects 
Zolpidem 

Chloroquine NMDA agonist 
Fluoroquinolones GABA antagonist 

Cycloserine NMDA partial agonist 


HMG CoA reductase inhibitors Decreased brain cell membrane cholesterol leading to decreased 


serotonin receptors and altered serotonergic functioning 


CNS = central nervous system, GABA = gamma-aminobutyric acid, HMG CoA = 3-hydroxy-3-methylglutaryl- 
coenzyme A, NMDA = N-methyl-D-aspartate. 


Psychosis is often associated with alterations of dopamine concentrations in 
various regions of the brain.*° Increased dopaminergic function in the mesolimbic 
pathway is associated with hallucinations, delusions, and paranoia.7>~* Increased 
release of dopamine and/or decreased metabolism or uptake of dopamine can cause 
psychotic symptoms. This is supported by the observation that administration of 
mesolimbic dopamine antagonists leads to clinical improvement of psychotic 
symptoms.° Although a hyperdopaminergic state is an important mechanism of both 
idiopathic and iatrogenic psychotic states, studies indicate it is only one mechanism 
involved in the provocation of psychotic symptoms.”>"8 

Other neurotransmitters may indirectly alter synaptic concentrations of 
dopamine leading to psychosis. Glutamate, serotonin, norepinephrine, and 
acetylcholine are believed to exert secondary affects on dopamine 
neurotransmission and to play a role in psychosis.2>"° 

Altered serotonin [5-hydroxytryptamine (5-HT)] receptor functioning is also 
associated with psychosis. Patients with schizophrenia have abnormal 5-HT 
receptor functioning, and many antipsychotic agents exert significant effects on 
serotonergic functioning.®!?!"!°° LSD, an agent known to induce hallucinations, is 
structurally related to serotonin. LSD and psilocybin induce psychosis through 
stimulation of the 5-HT, receptor. !7°!?’ 


Glutamate is the major excitatory neurotransmitter in the brain.°-’? Antagonism 
of the glutamate N-methyl-D-aspartate (NMDA) receptor by PCP and ketamine 


To 


induces states that may be the best model of idiopathic psychosis.!*”!7* Biologic 


changes associated with hypoglutamatergic function in schizophrenia include 
decreased glutamate in the cerebrospinal fluid, altered NMDA receptor densities, 
and decreased glutamate release. !°?!4! 

It has been hypothesized that altered intracellular signal transduction may be 
involved in psychosis.'*!47 Gene induction associated with antipsychotics leads to 
increased expression of the oncogene c-fos or its protein product, which may alter 
expression of other genes, the products of which are involved directly in psychosis. 
Another mechanism posited to play a role in psychosis 1s episodic dysfunction of 
myelin sheaths disrupting subcortical and cortical processes, which may lead to 
positive psychotic symptoms and cognitive dysfunction. !47!* 

Alteration of dopamine and serotonin are consistently associated with 
psychosis. However, the biologic mechanism of psychosis is complex, involves 
multiple pathways, and has not been fully elucidated. Therefore, the ability to 
predict drugs that are less likely to induce psychosis based on pharmacological 
activity is limited at this time. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Many symptoms in patients with drug-induced psychosis are similar to those of 
patients with idiopathic psychoses such as schizophrenia, which is defined by a 
triad of symptoms: positive, negative, and cognitive.*+*!4 Positive symptoms 
include delusions, hallucinations, and disorganized speech and behavior.2° 
Negative symptoms include flat affect, avolition, and social isolation.2® Cognitive 
symptoms can be diverse but often present as difficulties with concentration and 
memory.”*® Positive symptoms are more typically associated with drug-induced 
psychosis than negative symptoms (Table 20-4). 


Table 20-4 Symptoms Associated with Drug-Induced 





Psychosis” -8,144 

Symptom Examples 

Auditory hallucinations Hearing voices 

Visual hallucinations Seeing thing that are not there 

Tactile hallucinations Feeling bugs crawling on skin 

Paranoia Feelings of persecution 

Thought removal/insertion/broadcasting Feeling that thoughts are being withdrawn, inserted or 
broadcasted 
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Thought blocking Sudden derailment of speech 


Ideas of reference Feeling that there are hidden messages or special 
meaning in things unrelated to oneself 


Grandiosity Feeling overly self important 
Disorganized speech/behavior Tangential 

Illogical 

Perseveration 
Anxiety Pacing, excessive worry 
Agitation State of extreme anxiety 
Delusions Fixed false beliefs 


There is no individual test that is diagnostic for drug-induced psychosis. 
Diagnosis depends on identification of a temporal relationship between the 
ingestion of the potentially causative substance and the onset of psychotic 
symptoms, clinical presentation, medical history and a thorough medication 
history.**:'* Patients who are acutely psychotic may or may not be able to provide 
an accurate history. Consultation with family, friends, and other healthcare 
providers is useful in understanding any pre-existing mental health issues and 
recent changes in behavior or medical treatment. 


A thorough medication history is crucial to the differential diagnosis of drug- 
induced psychosis. A clear understanding of a patient’s baseline psychiatric state 
and the medications used to treat the disorder may help clinicians distinguish 
between an underlying disorder that is worsening and a drug-induced psychosis.~ 
8.144 Table 20-5 lists conditions that should be ruled out prior to the diagnosis of 
drug-induced psychosis. 


Table 20-5 Conditions to Consider in the Differential Diagnosis 
2-8,144 





of Drug-Induced Psychosis 


* Infection (including HIV) 
* Metabolic abnormalities 
* Liver disease 

* Hyperthyroidism 

¢ Substance abuse 

* Seizure disorder 

¢ Parkinson disease 

¢ Huntington disease 

* Tumor/lesions 

¢ Stroke 

¢ Autoimmune disorders 
¢ Alzheimer disease 


HIV = human immunodeficiency virus. 


TID 


The medication history should include use of prescription, nonprescription, and 
illicit drugs and should document any herbal or nutritional supplements being taken. 
Although drug-induced psychosis is often associated with recent changes in 
medication therapy (hours to days), the onset may occur much later in treatment 
with some agents, such as corticosteroids.***’ Also, recent discontinuation of 
medications should be documented, because drug withdrawal can be accompanied 
by psychotic symptoms.!7°-!74+ Additionally, recent changes in nonpsychotomimetic 
medications can play a role in drug-induced psychosis. For example, a 
nonpsychotomimetic drug could antagonize the psychotomimetic effects of another 
agent or induce its metabolism.”°* When questions exist about the veracity of a 
patient’s response to queries regarding substance abuse, urine and blood toxicology 
screening should be performed. Table 20-6 lists common drugs of abuse and 
duration of detection in the urine following the last dose.!*° 


Table 20-6 Duration of Detection of Drugs in Urine! 45 
Drug Duration of Detection 
Alcohol 12 hours 

Amphetamine Up to 2 days 

Opioids Up to 4 days 

Benzodiazepines 1 day to weeksa 

Barbiturates 1 day to 3 weeks 

Cocaine metabolites 2-4 days 

Marijuana 1 day to weeksa 


aDepends on quantity and frequency of use. 


The psychotomimetic effects of many medications are  dose- 
related.8793!134,49.52,56.57,89.144 However, interpatient variability exists in the dose at 
which a medication can cause psychotic symptoms. The recent initiation of therapy 
with a new psychotomimetic medication or a dose increase in current therapy 
should always be considered as possible causes when a patient experiences a new 
onset of psychotic symptoms. 

Laboratory monitoring can be helpful to rule out alternate causes of 
psychosis.*>»-’®:!4 Table 20-7 provides a list of laboratory tests useful in the 
differential diagnosis of psychosis. In many cases, the decision to perform 
laboratory monitoring is based on history and clinical presentation. 


Table 20-7 Tests to Aid in the Differential Diagnosis of Drug- 
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Induced Psychosis>>>» 285144 


Standard laboratory monitoring 


* Complete blood cell count with differential 
* Electrolytes 

¢ Liver function 

¢ Thyroid function 

¢ Toxicology screen 


Monitoring if clinically indicated by patient history 


* HIV 

¢ Antinuclear antibodies 

¢ Sedimentation rate 

* EEG 

* Head CT/MRI 

CT = computed tomography, EEG = electroencephalogram, HIV = human immunodeficiency virus, MRI = 
magnetic resonance imaging. 


Diagnosis of drug-induced psychosis is a diagnosis of exclusion.*>»-/*:!4 The 
integral components of diagnosis are accurate medication, medical, psychiatric, and 
physical histories, physical examination, and laboratory monitoring.27>-’*!™ In 
many instances, a thorough history is sufficient to diagnose drug-induced psychosis. 

The Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, 
includes several diagnoses that encompass drug-induced psychosis (termed 
substance/medication induced), including substance/medication-induced psychosis 
and substance/medication-induced bipolar and related disorders. A key criterion of 
substance-induced psychosis is absence of delirium.* Delirium is differentiated 
from psychosis by its fluctuating course, disturbances of consciousness, and 
changes in cognitive processes such as memory.* Although these problems may 
occur in drug-induced psychosis, they are more often indicative of delirium. 
Research demonstrates that the clinical diagnosis of drug-induced psychosis 
remains accurate in greater than 70% of cases at 24 months, indicating standard 
interview, history gathering, and routine laboratory monitoring are sufficient for an 
accurate diagnosis in most cases. !*° 

Prominent hallucinations or delusions are typically present in patients with 
drug-induced psychosis.2>*!“4 Often hallucinations are visual, tactile, and 
gustatory, whereas auditory hallucinations predominate in idiopathic psychotic 
disorders.7>-*:!™ Patients who have insight into psychiatric symptoms that are drug- 
induced do not meet the criteria for a substance/medication-induced psychosis and 
should be diagnosed as substance intoxication or withdrawal with perceptual 
disturbances.* However, patient insight is a controversial diagnostic exclusion, as 
many patients who have insight into their symptoms nonetheless require treatment 
for psychotic symptoms.!“ 


TOT 


Onset of illness must be assessed to accurately diagnose drug-induced 
psychosis. Idiopathic psychotic disorders tend to occur during specific periods in 
life and have a slow progressive and degenerative course.**>"®!“4 Abrupt onset or 
atypical presentations such as a late age of onset may indicate drug-induced 
psychosis, which is usually associated with recent medication changes and occurs 
within hours to days of the change.?*>-*-!“ In some rare cases the onset may be 
more protracted, as is the case with corticosteroid-associated psychosis, which 
may occur as late as 3 months after medication changes.**-*7 

Duration of symptoms may also help clarify the diagnosis. When symptoms do 
not remit within 4 weeks after discontinuation of the potentially causative agent, 
other causes of psychosis must be considered.**'“ Protracted psychosis is not 
common when the disorder is drug-induced. 

Physical symptoms may differ between drug-induced psychosis, intoxication, 
and idiopathic psychotic states. Typically, drug-induced psychosis is not associated 
with gross physical abnormalities.**'* Slurred speech or ataxia are more 
commonly associated with intoxication and delirium rather than idiopathic or drug- 
induced psychosis.2*>-’*!“ Intoxication, drug withdrawal, or delirium are often 
associated with physical characteristics such as changes in pupil size, tachycardia, 
sweating, pain and cramping, altered gastrointestinal motility, and drug cravings 
that are often not present in patients with drug-induced psychosis.4>>7*!4 

Some drugs are associated with a pattern of signs and symptoms that may help 
identify them as causative agents. Stimulant-induced psychosis is often associated 
with mydriasis, tachycardia, arrhythmias, and brisk  reflexes.2°-®.!4-!6 
Benzodiazepine withdrawal is associated with tremors, fever, and seizures.?°” 
8,121,122,144 Niydriasis, tachycardia, urinary retention, and constipation accompany 
anticholinergic-induced psychosis.2*>-84'4 Although anticholinergic-induced 
psychosis occurs more commonly in association with oral or parenteral 
administration, it has also been reported with transdermal use.7’ 


RISK FACTORS 


Specific risk factors for drug-induced psychosis are listed in Table 20-8. Older 
age, underlying bipolar or psychotic disorder, compromised kidney or liver 
function, polypharmacy, concomitant use of multiple psychoactive drugs, and 
metabolic abnormalities (e.g., electrolyte abnormalities) all increase the risk of 
drug-induced psychosis. Post-traumatic head injury can cause organic psychosis as 
well as predispose a patient to drug-induced psychosis.!“4!47!48 As the number of 
risk factors increases, so does the likelihood of drug-induced psychosis. 
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Table 20-8 Risk Factors for Drug-Induced Psychosis2>>>>~ 





8,144,147-149 


* Age >40 years 
¢ Infants and children 
¢ Altered liver or kidney function 
Substance abuse 
* Concomitant medications 
o Increased burden of medications with additive effects such as anticholinergic agents 
o Drug interactions (including withdrawal of medications) 
* Underlying disease states 
o Systemic lupus erythematosus 
o Parkinson disease 
o Psychiatric illnesses 
o HIV 
¢ Head injury 


HIV = human immunodeficiency virus. 


Patient populations in need of special attention are the elderly, infants and 
children, and patients with concomitant illnesses. Weight- and age-based dosing are 
important to decrease risk of drug-induced psychosis for the elderly and children. 
Prescribing information for individual drugs provides recommendations for dose 
adjustments for patients with concomitant illnesses such as liver and kidney 
disease. 

In people of any age, concurrent administration of multiple drugs may affect 
both pharmacokinetic and pharmacodynamic properties of drugs.>*”!47"!>3 Increased 
anticholinergic burden from multiple medications or taking more than nine 
medications daily substantially increases the risk of drug-induced psychosis.*>’ 


Drug interactions that enhance the pharmacological effects and/or increase 
serum concentrations of potentially causative agents increase the risk of drug- 
induced psychosis. Pharmacodynamic interactions occur when two medications 
with similar pharmacological effects have additive or synergistic effects. For 
example, stimulants and bupropion both increase dopamine and norepinephrine 
concentrations in the brain. The addition of a stimulant to bupropion treatment 
could lead to psychotic symptoms that were not present with bupropion 
monotherapy. 

Another potential pharmacodynamic interaction could result from the 
combination of two drugs that antagonize one other.!°* For example, when a 
dopamine antagonist is used to treat psychosis, addition of a dopamine agonist can 
result in the return of psychotic symptoms. Although one would not expect a 
particularly robust change in dopaminergic antagonism, other pharmacological 
effects such as anticholinergic transmission could be enhanced leading to increased 
side effects. 
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Medications commonly associated with pharmacokinetic drug interactions 
include antibiotics (ketoconazole, erythromycin), psychotropics (fluvoxamine, 
fluoxetine, nefazodone), and others (cimetidine, quinidine, protease 
inhibitors).!4%-!>°-!>2 Addition of a cytochrome P-450 inhibitor may lead to 
diminished metabolism of a drug, increased plasma concentrations, and potential 
for adverse effects.!°7-!>? Alternately, discontinuation of an agent that was inducing 
the metabolism of a drug could lead to decreased drug metabolism, increased 
plasma concentrations, and increased adverse effects, including psychosis. !°? Some 
agents vulnerable to drug interactions and resulting drug-induced psychosis include 
stimulants, steroids, opiates/opioids, anticholinergics, antibiotics, B-blockers, 
angiotensin converting enzyme inhibitors, dopaminergic agents, and antiepileptic 
medications .22>:292!49.150,152 


Diligent assessment of medication profiles can help clinicians identify and 
prevent or treat drug-induced psychosis attributable to drug interactions. 
Familiarity with those drugs commonly implicated in such drug interactions can 
help avoid adverse consequences. 


MORBIDITY AND MORTALITY 


Drug-induced psychosis often requires medical attention to protect the safety of the 
patient or those around them, although harm due directly to the psychotic state is not 
typical. Death is rarely directly related to psychosis.2° Death associated with a 
drug that is causing psychosis is most often the result of a severe intoxication (as 
may occur with stimulants) or drug withdrawal (as may occur with 
benzodiazepines).7>-!7!:!?2 

There is limited information available on the utilization of emergency 
departments and hospitalizations associated with drug-induced psychosis. One 
study estimated that 1% of all emergency department visits were related to 
psychosis.!°> However, the authors did not differentiate between idiopathic and 
drug-induced psychosis. 

Psychosis impairs judgment and insight, which can cause a person to make poor 
decisions and/or engage in risky behaviors resulting in poor outcomes such as 
motor vehicle accidents, suicide, or assault.2**!“4 During a psychotic state, 
patients may misinterpret surrounding events or participate in illegal activities that 
could lead to incarceration.2>*!4 


PREVENTION 


Drug-induced psychosis may be prevented by minimizing risk factors (Table 20-9). 
A thorough history of past and current psychiatric and medical illnesses should be 
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completed. Awareness of all prescription and nonprescription medications and 
herbal and nutritional supplements is essential to accurately assess risk. Direct 
inquiry regarding the use of herbal and nutritional supplements is necessary 
because patients often do not volunteer this information spontaneously. 
Nonpejorative inquiry into illicit drug use and alcohol consumption is important. 


156,157 





Table 20-9 Approaches to Help Prevent Drug-Induced 
Psychosis 

* Utilize lowest dose possible 

¢ Minimize number of concomitant potentially causative medications 

¢ Limit medications with anticholinergic properties 

¢ Adjust doses for elderly 

Avoid use of multiple psychotomimetic medications 


Complete a thorough medication history including nonprescription medications, herbals, alcohol, and illicit 
drugs 





Using the lowest effective doses, age- and weight-appropriate dose selection, 
avoidance of polypharmacy, and awareness of drug interactions can reduce the risk 
of drug-induced psychosis. Additionally, in populations with impaired liver or 
kidney function, aggressive monitoring may help prevent drug-induced psychosis. 


No specific monitoring parameters exist for drug-induced psychosis. However, 
educating the patients, their families, and caregivers regarding the signs and 
symptoms of drug-induced psychosis may facilitate early identification and 
treatment. 


MANAGEMENT 
Drug-induced psychosis is generally self-limiting following discontinuation of 
therapy with the offending agent. Resolution of symptoms occurs quickly (hours to 
days) in most patients.>”*!“4 Knowledge of the causative medication’s half-life 
provides guidance regarding the likely time frame for symptom resolution. 
Treatment should include discontinuation of the offending agent, except when it is 
determined to be medically necessary and no alternate treatments exist. In those 
situations, decreasing the dose to below psychotomimetic levels and/or treatment of 
the psychosis with antipsychotic medications may be appropriate. In some cases, 
the offending agent may be temporarily discontinued and then reinitiated at a lower 
dose after resolution of psychosis. The dose may then be carefully increased as 
appropriate for the clinical situation. 


Some patients may be detained against their will for observation and medicated 
if the risk of harm to themselves or others is deemed unacceptable in a court of law. 
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Some states allow for administration of medication without a court order in 
emergent situations. Duration of confinement is based on presentation and state law, 
and therefore treatment options differ from state to state. 


Keeping the patient in a safe environment is an important component of 
treatment during acute psychosis. A safe environment is typically one in which the 
patient can be observed in a contained location if necessary. Several hours in an 
emergency department is often sufficient for resolution of symptoms. Drug treatment 
is rarely necessary following discontinuation of the offending agent. 


Medical management is needed if the patient is clearly dangerous to her- or 
himself or others. In an acute psychotic state, dangerous behaviors may include 
suicidal or homicidal ideation, violence, extreme paranoia, or unpredictable 
behaviors. Patients who may hurt themselves or others or may put themselves in 
dangerous situations typically require acute hospitalization. The goal of acute 
treatment is to calm the patient and maintain safety. Short-term use of antipsychotics 
or benzodiazepines may be warranted, provided they are used only during the 
period of psychosis. Long-term use of these medications places patients at 
unnecessary risk for complications such as tardive dyskinesia or weight gain and 
associated metabolic abnormalities. Oral drug administration is_ preferred; 
however, in some cases, parenteral administration may be required. Hydration to 
decrease the risk of delirium is also necessary. Indications of the need for medical 
management include an inability to maintain a patient’s safe behaviors with nondrug 
measures such as a calm environment, close observation, containment in a limited 
area or room, or supportive contact with medical professionals, family, or friends. 


The choice of medication should be based on efficacy, patient acceptability, and 
adverse effect profile. The anxiolytic and sedative effects of benzodiazepines 
render them useful for the treatment of acute agitation and anxiety. Should a patient 
be disinhibited or become disinhibited with benzodiazepine use, antipsychotics are 
the drugs of choice. An anticholinergic agent is often administered concomitantly 
with any antipsychotic agent likely to cause acute extrapyramidal reactions. In 
patients who are overtly hostile, violent, or aggressive, a combination of 
benzodiazepines and antipsychotics may be useful. 


In cases where withdrawal from a medication is the cause of the psychosis, 
supportive care is the treatment of choice. Monitoring of subjective complaints and 
vital signs is useful for identification of patients experiencing withdrawal 
syndromes. If the discontinuation syndrome places the patient at risk of death or 
injury, therapy with medication may be reinstituted and the dose then slowly 
tapered downward for the patient’s safety. In the case of benzodiazepines, 
conversion to a longer-acting agent before downward titration may improve the 
tolerability of medication discontinuation.!°* However, this is controversial and 
tapering the original drug can be appropriate treatment. 
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In instances where discontinuing the offending agent is undesirable (1.e., anti- 
Parkinsonian agents, corticosteroids), lowering the dose may be sufficient to 
resolve psychotic symptoms. In cases where drug-induced psychosis is 
unavoidable to successfully treat the underlying illness, long-term antipsychotic 
therapy is warranted. In patients with Parkinson disease and drug-induced 
psychosis, low doses of quetiapine or clozapine are treatments of choice to avoid 
exacerbation of the underlying movement disorder. Due to adverse effects and 
associated monitoring procedures required during clozapine therapy, quetiapine is 
typically viewed as preferred management. !°”!©° 


In patients with a history of drug-induced psychosis, a rechallenge of the drug 
may be clinically appropriate. Ideal candidates are patients for whom drug-induced 
psychosis was the result of high drug doses or concomitant use of multiple 
psychomimetic medications. Patients who experience psychotic symptoms at low 
drug doses should not typically be rechallenged. If rechallenge is considered, 
discussion of the potential risks and benefits of therapy with the patient is 
important. The drug should be reintroduced at a low dose and with careful 
monitoring for early signs of psychosis (mild paranoia, agitation, irritability, 
behavioral changes). Dose increases should be performed over extended time 
intervals and in smaller increments than usual. In any case, the dose of the agent that 
is reintroduced should be maintained below previous psychotomimetic doses. 


Antidotes are available for several drugs known to cause psychosis (Table 20- 
10). These antidotes are usually necessary only in cases of overdose.*!>+!6!-!63 
Discontinuation of the causative medication and supportive care are often 
sufficient.*:!“4 In cases where an antidote is used, close monitoring to avoid 
induction of a withdrawal psychosis is necessary.!>®!®:!64 Specific withdrawal 
psychosis protocols are limited but are outlined in Table 20-11. 


Table 20-10 Specific Antidotes for Drug-Induced 





Anticholinergics 

* Physostigmine 0.5—2 mg IM/TV/sub-Q to start, repeating every 20 minutes until response or adverse drug 
reaction 

Opioids 

* Naloxone 0.1—0.2 mg IV every 2—3 minutes and repeat every 20-60 minutes 

Benzodiazepines 


¢ Flumazenil 0.01 mg/kg over 15 seconds (max 0.2 mg); repeat with 0.005—0.01 mg/kg as needed; do not 
exceed 3 mg 


IM = intramuscular, IV = intravenous, sub-Q = subcutaneous. 
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Table 20-11 Drug Withdrawal Treatment Protocols!58,164 


Substance Treatment 
Alcohol/benzodiazepine Chlordiazepoxide 25—50 mg orally every 2 hours as 
needed for signs/symptoms of withdrawal 
Supportive care 
Opiates/opioids Methadone 10-20 mg orally every 12 hours; taper over 
5—10 days 
Supportive care 


INFORMATION FOR PATIENTS 


Patients and their caregivers should be alerted to the potential risks and signs of 
psychosis whenever psychotomimetic drugs are prescribed. The extent of 
counseling should be dependent on several factors, including the number of risk 
factors present, number and severity of comorbidities, polypharmacy, and the dose 
and number of psychotomimetic medications to be used. Patients and/or caregivers 
should be instructed to contact their clinician if paranoia, agitation or hallucinations 
occur. 

Patients should be instructed not to take nonprescription medications without 
first consulting a clinician. Some nonprescription agents associated with 
psychotomimetic properties include pseudoephedrine, ma huang (ephedra), 
diphenhydramine, dextromethorphan, and caffeine.?®293334534.67-69,103 The 
combination of pseudoephedrine and dextromethorphan in particular increases the 
risk of psychosis.!° In addition, patients should be instructed to avoid excessive 
consumption of caffeinated products.**! Education concerning foods and 
beverages that are high in caffeine may be necessary depending on the medical 
sophistication of the patient. 


Drug-induced psychosis is often a preventable iatrogenic disease. Careful 
inquiry about all medications being taken, including nonprescription drugs, 
complimentary therapies and illicit substances should be completed before making 
recommendations for nonprescription or prescription drugs. Careful attention 
should be paid to the combination of agents with high propensity for drug 
interactions. 


Although the outcome of drug-induced psychosis is often favorable, it is 
important to adequately assess all patients for their risk. Appropriate drug doses, 
disease and drug monitoring, and minimization of risk factors can improve patient 
outcomes. Individualization of patient assessments is important because multiple 
risk factors may substantially increase the risk. 
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CHAPTER 21 


Interstitial Lung Disease/Pulmonary 
Fibrosis 


Jordan R. Covvey and Erin E. Mancl 


Interstitial lung disease (ILD) is a collection of more than 300 related lung 
disorders with diverse pathophysiology that result in progressive 
thickening/scarring of the tissue surrounding the alveolar sacs. ILD is broadly split 
into those disorders with known etiology (approximately 35% of cases), and those 
of idiopathic origin (65%).' Drug-induced ILD falls within the former category as 
an identifiable cause, alongside environmental exposures, autoimmune diseases, 
cancer, and certain infections. ILD can exist both acutely and/or subacutely as 
pneumonitis, or may progress over time to chronic pulmonary fibrosis, which is 
generally irreversible. Although they are separate entities by classification, drug- 
induced ILD demonstrates some clinical overlap with the most common form of 
idiopathic ILD, idiopathic pulmonary fibrosis (IPF). In 2014, the U.S. Food and 
Drug Administration (FDA) approved the first two therapies specifically indicated 
for the treatment of IPF, ushering in a hopeful era for the treatment for ILD. This 
chapter will discuss pertinent aspects of drug-induced ILD, with additional 
discussion of IPF where appropriate. 
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CAUSATIVE AGENTS 


A wide array of drugs have been identified as causing pulmonary toxicity of several 
types, such as edema, hemorrhaging, pleural disorders, and vasculopathies. For 
quick reference, an updated online database of drug-induced and iatrogenic causes 
of pulmonary toxicity can be found at http://www.pneumotox.com, which currently 
includes over 1,100 identified agents and 23,000 references.* Drugs can be 
searched by name and are listed by the pattern of drug-induced pulmonary toxicity 
reported in the literature (covering 20 types and hundreds of subclassifications) as 
well as notation of how many cases have been reported (<10, 10—50, 50-100, 100— 
200 or >200 cases). Therapies identified as potential causes of drug-induced ILD 
populate a large list and encompass a number of different mechanisms and chemical 
structures (Table 21-1).*-??° The most common therapeutic category associated 
with drug-induced ILD is cytotoxic (chemotherapeutic) agents, including 
bleomycin, busulfan, and cyclophosphamide, among others. Because many cancer 
chemotherapy regimens utilize combination therapies, in some cases, pinpointing 
the causative agent is difficult. For instance, both FOLFOX (folinic acid, 
fluorouracil, and oxaliplatin) and FOLFIRI (folinic acid, fluorouracil, and 
irinotecan) regimens for colorectal cancer have been associated with drug-induced 
ILD, but the precise pharmacological cause in these cases is unclear.*?”? Beyond 
cancer chemotherapy drugs, causative agents include many others, including 
cardiovascular drugs, anti-inflammatory agents, antimicrobials, biologics, and 
miscellaneous therapies.*°? Notably, several newer molecularly targeted class- 
wide effects of interest pertaining to drug-induced ILD have emerged recently, 
including tumor necrosis factor alpha (TNFa) inhibitors and epidermal growth 
factor receptor (EGFR) inhibitors. There are limited data associating 
nonprescription drugs and herbal supplements with drug-induced ILD. However, 
there are reports linking illicit drugs such as cocaine and heroin with ILD, but the 
association 1s somewhat tenuous, and therefore, they are not included in this 
chapter.” 


Table 21-1 Agents Implicated in Drug-Induced Interstitial Lung 


Disease/Pulmonary Fibrosis 





Incidence Level of Evidence* 


1-15% 






Drug 






Amiodarone3-19 






Anagrelide20-22 


Aw 


Antiandrogens2> 


Bicalutamide2*-28 
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Flutamide2?-39 
Nilutamide3!-33 


Aurothiopropanosulfonate (gold 
salt)34-36 


Azacitidine37-40 
Bepridil4 1-44 
Bleomycin45-53 
Bromocriptine54-61 
Busulfan62-77 
Chlorambucil78-86 
Cyclophosphamide87-97 
EGER inhibitors 


Cetuximab?’ 102 

Erlotinib 13-107 
Gefitinib 197-109 
Panitumumab!10-112 
Vandetanib!!3 

Gemcitabine 114-121 


HMG-CoA reductase inhibitors 122- 


124 
Hydroxyurea 125-127 


Interferon128-131 
Lenalidomide 132-134 
Melphalan135-140 
Methotrexate 141-158 


Methysergide 159-164 





Mitomycin C165-172 


mTOR mhibitors 
173-175 


176-179 


Everolimus 


Temsirolimus 
Mycophenolate mofetil! 80-182 


Nitrofurantoin 183-211 


Nitrosoureas 


Carmustine (BCNU)2!2-228 


NK C 


a 
3-2 
K 


wl} a; BW] WD] S| wy] a 





Q| ’ar - Bw > 


5—17.6% 


Z 





Wl} a} &] OF] BW] WB! a 


13.5%—23% 


2-29% 





x 
0.02% B 


10-30% B 
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Lomustine (CCNU)22?°234 


Z 
nw 


C 

Oxaliplatin235,236 C 
Pemetrexed237,238 C 
Penicillamine239-245 B 
Procarbazine246-248 C 
Rituximab249-251 3.7-10% B 
Sirolimus252-254 B 
Sulfasalazine255-263 C 
Taxanes 

Docetaxe/2°*-266 1-5.3% A 

Paclitaxel2°/268 ee . 
TK mhibitors 

Imatinib2©9-278 NK C 

Sorafenib2/9-281 NK 

Sunitinib282-284 ae © 
TNFa inhibitors 155-285-287 

Adatanat?s¢291 NK P 

Etanercept2?2-296 NK B 

Infliximabe? => 


BCNU = bis-chloroethylnitrosourea, CCNU = 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea, EGFR = epidermal 
growth factor receptor, HMG-CoA = 3-hydroxy-3-methylglutaryl-coenzyme A, mTOR = mammalian target of 
rapamycin, NK = not known, TK = tyrosine kinase, TNFa = tumor necrosis factor alpha. 

aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


Estimates of the incidence and prevalence of drug-induced ILD are limited due to 
the rare nature of the disease and the fact that the diagnosis is one of exclusion. 
Identification of a single therapeutic agent as a definitive cause is difficult in 
concert with other confounding factors, such as comorbid disease states and 
therapies, which may compound risk such as immunosuppressive agents and/or 
radiation therapy. For instance, in one systematic review of ILD among patients 
with rheumatoid arthritis, over 40% of patients had disease-related ILD prior to 
exacerbation that was subsequently attributed to TNFa therapy.'°° Therefore, the 
actual incidence of drug-induced ILD may be greatly underestimated. An important 
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registry of patients with ILD established in New Mexico estimated the incidence 
and prevalence of drug/radiation-induced ILD to be 1.1—1.8 per 100,000 annually 
and 1.2—2.2 per 100,000, respectively.*°! ILD associated with drugs or radiation 
accounted for 2—3% of ILD cases overall, which is the most commonly cited 
estimate for drug-induced ILD.*°! A more recent epidemiological study using the 
United Kingdom (UK)-based General Practice Research Database identified an 
incidence of drug and radiation-induced ILD of 4.1 per 1,000,000 person-years 
(95% CI 3.44.9) from 1997-2008, with only 17% of included cases resulting from 
drug therapy (the remainder from radiation).*°* IPF is one of the most common 
forms of ILD.° The prevalence of IPF in the United States has been estimated 
from 4 to 27.9 per 100,000 to as high as 42.7 to 63 per 100,000, depending on the 
specificity of case definitions.° Similarly, incidence estimates were reported at 
6.8—-8.8 per 100,000 using narrow diagnostic criteria and 16.3—17.4 per 100,000 
with broader criteria.°°* Despite these more defined estimates, there is a call for an 
international registry of patients with IPF, a movement that could also greatly 
enhance epidemiological estimates of drug-induced ILD.*° Benefits associated 
with such a registry could include identification of key comorbidities, 
characterization of natural disease course, and provision of evidence to support 
advances in care.°”° 


The incidence of ILD associated with specific drugs (Table 21-1) varies 
widely. Because ILD includes both pneumonitis and fibrosis, estimates can be 
inconsistent as pneumonitis is encountered more commonly. As mentioned 
previously, combined use of many of the implicated agents also renders incidence 
estimates variable. Lastly, most estimates of drug-induced ILD are obtained from 
case reports and observational studies, which can make identification of the true 
incidence difficult. For instance, the incidence of pulmonary toxicity associated 
with bleomycin in one study was estimated at 6.8%; however, this effect was highly 
dose dependent, with higher doses conferring a hazard ratio (HR) of 4.3 (95% CI 
2.2-8.2) compared to lower doses.°°° Carmustine-induced lung injury follows a 
similar pattern and also appears more common in females due to differences in 
pharmacokinetics.*!* The incidence of ILD among patients treated with gefitinib has 
been estimated to be as high as 8% among Japanese patients in clinical trials but 
significantly lower (<1%) in other parts of the world, possibly as a result of 
differences in genetic susceptibility.>°” 


MECHANISMS 


The precise mechanism of drug-induced ILD is not well elucidated, although 
existing data have produced some theories regarding the pathophysiology. In IPF, it 
was originally hypothesized that fibrosis was the result of longstanding intra- 
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alveolar inflammation and subsequent induction of fibrogenesis.°°* However, 


current research supports the concept that fibrosis may actually result from injury to 
alveolar epithelial cells and an induced state of abnormal wound healing.*°8 Under 
this theory, microinjuries to the epithelium promote formation of a wound clot, 
increase secretion of growth factors, and increase proliferation of fibroblasts to the 
site of injury. Neovascularization develops, extracellular matrix is deposited, and 
alveolar epithelial cell death occurs, resulting in fibrosis. 


In drug-induced ILD, mechanisms may vary according to therapeutic class of 
the inciting agent (Table 21-2), as well as the patient’s inherent genetic 
susceptibility, !7!.124!33736309-314 Tt should be noted that the majority of proposed 
mechanisms of drug-induced ILD are theories at best, with limited evidence for 
confirmation. However, despite the fact that drugs may differ with respect to the 
events induced prior to lung insult, it is conceivable that drugs induce ILD via the 
same pathophysiological pathway as IPF, resulting in the similar appearance of 
fibrotic lesions from a radiological and histopathological perspective. The 
pathophysiology underlying drug-induced pneumonitis and fibrosis generally 
progresses over weeks to months, although the onset may be more rapid (days to 
weeks) for drugs with a hypersensitivity-type component associated with the 


induced pulmonary injury.*!> 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The reduced lung compliance that is characteristic of pulmonary fibrosis is similar 
to that which occurs in other restrictive lung diseases. Therefore, the diagnosis of 
drug-induced ILD requires a thorough clinical history and exclusion of other known 
causes of ILD. The signs and symptoms of drug-induced ILD are listed in Table 21- 
3. Nearly all patients present with dyspnea, and some also experience a 
nonproductive cough.*!° The onset varies from days to weeks or even years, and is 
usually correlated with the duration of therapy with the causative agent. For 
instance, short-term use of an offending medication is more likely to present with 
acute onset ILD, whereas chronic therapy is likely to be associated with gradual 
development of symptoms, which the patient may or may not immediately 
recognize. With acute forms of drug-induced ILD, pneumonitis usually presents 
with acute shortness of breath, often with rash, wheezing, and peripheral 
eosinophilia. For more chronic ILD, progressive dyspnea and reduced exercise 
tolerance are commonly encountered. On physical examination, digital clubbing is 
present in 25-50% of patients, and end expiratory crackles are detected on 
auscultation in more than 80% of cases of IPF.*!’ After progression to fibrosis, 
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cyanosis and signs of pulmonary hypertension such as right ventricular dysfunction 
or peripheral edema may also be present. 


Table 21-2 Mechanisms of Drug-Induced Interstitial Lung 


Disease/Pulmonary Fibrosis 





Drug Mechanism(s) 
Nitrofurantoin Generation of free oxygen radicals309 
Methotrexate Hypersensitivity reaction310,311 


Generation of free oxygen radicals309 


Bleomycin Activation of immune cells and inflammatory cascade 


Generation of free oxygen radicals? !2 


Deficiency of hydrolase activity? 13 
Paclitaxel, docetaxel Delayed hypersensitivity reaction3 14 
EGER inhibitors Impairment of alveolar repair mechanisms309 
Oxaliplatin Depletion of glutathione236 
Gemcitabine Systemic release of cytokines causing endothelial 
dysfunction309 
Radiosensitizer121 
Amiodarone 312 


Induction of phospholipidosis 
Disruption of lysosomal membranes through protein C 


activation and release of toxic oxygen radicals? 
Lenalidomide Prostaglandin inhibition and fibroblast proliferation 133 
HMG-CoA reductase inhibitors Induction of phospholipidosis 124 


EGFR = epidermal growth factor receptor, HMG-CoA = 3-hydroxy-3-methylglutaryl-coenzyme A. 


Table 21-3 Signs and Symptoms Associated with Drug-Induced 


Interstitial Lung Disease/Pulmonary Fibrosis 





Signs/Symptoms 


* Dyspnea (at rest and/or exertional) 
* Nonproductive cough 

* Crackles in lung bases 

¢« Rash 

¢ Wheezing 

* Fatigue 

* Digital clubbing 

* Cyanosis 
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¢ Pulmonary hypertension 
o Peripheral edema 
o Right ventricular enlargement or failure 
* Chest radiograph 
o Diffuse ground glass opacity 
* HRCT 
o Diffuse opacity 
o Honeycombing 
« PFTs 
o Reduced TLC or FVC 
o Reduced DLCg >15% from baseline 


¢ Laboratory tests 
o Leukocytosis 
o Eosinophilia 
o Elevated ESR 
DL co = diffusion capacity of the lungs for carbon monoxide, ESR = erythrocyte sedimentation rate, FVC = 


forced vital capacity, HRCT = high resolution computed tomography, PFT = pulmonary function test, TLC = 
total lung capacity. 


Pulmonary function tests (PFTs), widely obtained through the use of spirometry 
(which can be performed in office-based settings), should be completed during the 
diagnostic evaluation and monitoring for drug-induced ILD. Key measures include 
forced vital capacity (FVC; the amount of air forcefully exhaled after a full 
inspiration) and forced expiratory volume in one second (FEV); the amount of air 


expired in the first second of the FVC test). PFTs progress from normal to a 
restrictive pattern (reduced total lung capacity [TLC] and FVC) with the addition of 
reduced carbon monoxide diffusing capacity (DL¢o).° '8 A reduced DLeo by more 


than 15% from baseline indicates a pathologic disturbance of alveolar-capillary 
interface and resultant disruption of gas exchange, and should prompt further 
assessment. In practice, patients presenting with advanced ILD are often too 
deconditioned to perform PFTs, and arterial oxygen saturation is determined 
instead. Hypoxia at rest and with exertion is observed commonly. 

Chest imaging should be obtained to diagnose drug-induced ILD. A chest 
radiograph may be useful to exclude edema or infection and is performed 
commonly, but it is neither sensitive nor specific for the diagnosis of drug-induced 
ILD.?!8 In fully developed fibrosis, a chest radiograph reveals diffuse “ground 
glass” opacity and reduced lung volumes.*”° High resolution computed tomography 
(HRCT) is now a standard test in patients with suspected ILD. HRCT is 90% 
accurate in diagnosis of IPF and, when coupled with clinical findings and history, 
60-80% accurate in diagnosis of drug-induced ILD.*!’7!°8 The histopathological 
criteria for IPF are those of usual interstitial pneumonia, characterized by a 
honeycombing pattern from the subpleural cystic airspaces formed. 

Bronchoscopy may be performed to obtain bronchoalveolar lavage samples 
with which to exclude infection and malignancy. Cell differentials with a 
lymphocytic, neutrophilic, or eosinophilic pattern can be useful for diagnosis when 
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combined with clinical and radiographic data.*°? Transbronchial biopsies are not 
usually performed, as these tissue samples are too small to allow histological 
classification of ILD other than sarcoidosis. An open lung biopsy is definitive in 
the diagnosis of drug-induced ILD; however, it is not often a practical approach in 
patients with advanced ILD as the procedure can be associated with respiratory 
compromise, acute exacerbations, pulmonary hypertension, and increased mortality. 


In general, laboratory data are not helpful in establishing the diagnosis of drug- 
induced ILD. Patients may have an elevated white blood cell count with increased 
eosinophils; however, absence of eosinophilia does not exclude the diagnosis.*!® 
Amiodarone-induced pulmonary toxicity 1s often associated with an elevated 
erythrocyte sedimentation rate; however, this does not contribute meaningfully to 
the diagnosis.*!° Testing for antinuclear antibodies, anticytoplasmic antibodies, and 
antiglomerular basal membrane autoantibodies is essential if there is concern 
regarding the potential for diffuse alveolar hemorrhage, as these antibodies 
differentiate autoimmune versus nonautoimmune causes.*!? 


Because drug-induced ILD is a diagnosis of exclusion, there are several 
considerations in the differential diagnosis (Table 21-4), which may only be 
distinguished by a positive history of exposure to a causative agent. The symptoms, 
physical findings, laboratory information, and imaging studies are similar in nearly 
all types of ILD including connective tissue disease with pulmonary fibrosis, IPF, 
and certain pneumonias such as those induced by viruses or Pneumocystis 
jiroveci.*! It should be noted that patients with drug-induced ILD often have pre- 
existing conditions that increase their risk of lung injury (Table 21-5). One 
proposed set of criteria for the diagnosis of carmustine-induced ILD, which may be 
applicable to other types of drug-induced ILD, are (1) typical symptoms of 
nonproductive cough and dyspnea with or without fever; (2) decrease of DLoo 


capacity by >10% as compared with baseline; and (3) no clinical evidence of 
active pulmonary infection.*7° 


Table 21-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Interstitial Lung Disease/Pulmonary Fibrosis 


Conditions 


¢ Acute respiratory distress syndrome 

* Aspiration pneumonitis 

* Bronchiolitis obliterans organizing pneumonia (nondrug-induced) 

* Connective tissue disease-related pulmonary fibrosis 

* Heart failure 

Hyperthyroidism 

Hypoxemia 

Idiopathic pneumonia syndrome after bone marrow transplantation 
Idiopathic pulmonary fibrosis 
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¢ Miliary tuberculosis 
* Pneumocystis jiroveci pneumonia 
* Radiation pneumonitis 
Systemic lupus erythematosus 
* Viral infection 
¢ Wegener granulomatosis 


RISK FACTORS 


In general, the likelihood of developing pulmonary toxicity from drugs 1s 
unpredictable. Although several risk factors have been identified (Table 21-5), 
none are consistent for all drugs or patient populations. Patients at risk of 
developing drug-induced ILD include those with cancer or inflammatory conditions 
receiving chemotherapy or concurrent therapy with multiple toxic agents. Dose- 
related toxic effects have been identified in the development of drug-induced ILD 
for several drugs. Risk factors for lung toxicity associated with amiodarone are a 
combination of daily dose (400 mg daily) and duration of therapy (cumulative 
dose).*!? The risk for pulmonary toxicity is greatest at cumulative doses above 
1,400 mg/m’ for carmustine and above 360 units for bleomycin.*©7!© However, ILD 
has also been reported at low doses of these drugs, and therefore a strong 
association between dose and pulmonary toxicity does not always exist. In general, 
extremes of age can be associated with an increased risk of lung toxicity, depending 
on the drug. The incidence of bleomycin-induced pulmonary fibrosis increases in 
patients older than 70 years of age, possibly as a result of diminished antioxidant 
defenses and impaired drug clearance.~°° Conversely, an inverse relationship 
between age and carmustine-induced pulmonary toxicity has been suggested, with 
patients under 7 years of age at greatest risk.7!47!° 


Table 21-5 Risk Factors for Drug-Induced Interstitial Lung 





Disease/Pulmonary Fibrosis 


Risk factors 


* Age (young or old) 
* Concomitant use of other cytotoxic drugs 
* Dose 

o Amiodarone >400 mg daily 


o Carmustine >1,400 mg/m cumulative 
o Bleomycin >360 units cumulative 
¢ Drug interactions (increased drug concentration or concomitant use of drugs that compound risk) 
¢ Environmental factors (e.g. asbestos, cigarette smoke) 
* Genetic factors 
* Oxygen therapy (high concentration, e.g., 60% or more Fi07) 
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* Radiation therapy (mantle, thoracic, total body) 
* Underlying obstructive or restrictive lung disease 


FiO> = fraction of inspired oxygen. 


Environmental factors, such as exposure to asbestos and cigarette smoke, can 
increase the risk of pulmonary toxicity. It 1s unknown whether a history of 
pulmonary adverse effects associated with a specific drug or related compounds 
increases the risk for future lung toxicity. Certain genetic and other factors may be 
important in the development of drug-induced ILD. Acute and organizing diffuse 
alveolar damage associated with bortezomib was first reported in Japan and then in 
African-American patients, and higher rates of gefitinib-induced ILD have been 
noted for Japanese patients compared to other populations.°°’°?!"?2 Genetic 
polymorphisms may explain some differences in drug toxicity across populations, 
but intrinsic and disease-related sensitivity to ILD in general may cloud the picture. 
For instance, Japanese patients with rheumatoid arthritis and the HLA-A*31:01 
allele may be at higher risk of methotrexate-induced ILD, while HLA-B40, B54, 
and DR4 antigen sites have been related more generally to increased susceptibility 
for ILD in the setting of rheumatoid arthritis (for which methotrexate is a commonly 
used therapy).°*? Concomitant therapies and conditions that may influence the 
cytochrome P-450 system or detoxification pathways or alter pharmacokinetics of 
the offending agent may also increase risk of toxicity.*** Concomitant therapy with 
radiation or high fractions of inspired oxygen (e.g., >60%) are associated with an 
increased risk of drug-induced ILD.** Radiation therapy can injure lung 
deoxyribonucleic acid (DNA) and proteins associated with lung tissue repair, 
which can exert a synergistic effect with drug-induced pulmonary toxicity. The risk 
associated with oxygen is similar, as higher concentrations of oxygen generate 
reactive metabolites, leading to further oxidative stress. Underlying disease is 
known to play a role, primarily in the presence of pre-existing pulmonary 
disease.*** However, this association is controversial. The risk of bleomycin- 
induced pulmonary fibrosis may be increased in patients with kidney disease due to 
impaired drug clearance. A glomerular filtration rate of <80 mL/min was found to 
be an independent risk factor for development of bleomycin-induced pulmonary 


toxicity.3 


MORBIDITY AND MORTALITY 


The morbidity associated with drug-induced ILD from personal, societal, or 
financial perspectives has not been described; however, it is likely substantial due 
to the potential impact of pulmonary symptomology (dyspnea, persistent cough, 
etc.) on the ability to work and conduct activities of daily living. Some data 
describing healthcare utilization specific to IPF are available. In one case-control 
analysis, patients with IPF incurred all-cause hospitalizations (0.5/person/year), 
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hospital days (3.1 days/person/year), and outpatient visits (28 visits/person/year) 
at approximately twice the rate of controls, with an extrapolated incremental IPF- 


associated cost estimated at over $1 billion/year.*7> 


Mortality figures for ILD are imprecise for a number of reasons, including 
comorbidities in patients that may render the cause of death unclear (lung cancer, 
cerebrovascular disease, pneumonias) or the lack of a classification system for the 
various forms of ILD.*°! Pulmonary fibrosis (both idiopathic and otherwise), as the 
progressive endpoint of ILD, has generated some global figures. Using data from 
the National Center for Health Statistics, median survival for patients with 
pulmonary fibrosis was estimated to be 3—5 years, with an average age- and sex- 
adjusted mortality rate of 50.8 per 1,000,000.°*° Mortality was higher among men, 
although deaths in women increased at a faster rate (41.3%) over the 1992—2003 
study period compared to men (28.4%).°7° In the UK-based study of drug- and 
radiation-induced ILD, the risk of death was found to be 7 times greater (HR 7.13, 
95% CI 3.40—-14.93) among those with ILD compared to population-matched 
controls.> 


Because of the heterogeneity of conditions under the ILD umbrella, a 
multidimensional index—the modified gender, age, and physiology (GAP) model— 
has been created to predict mortality in patients with ILD.°?’~28 First established 
specifically for IPF and then generalized to other ILD, the model assigns points 
based on gender, age, and physiology including FVC % predicted and DL¢g % 


predicted as well as subtype of ILD.°*78 Scores can then be correlated to 1-, 2- and 
3-year predicted mortality rates.7° For instance, a nonelderly woman with IPF and 
preserved lung function could expect a 1-year mortality rate of 3.1%, compared to 
18.2% in an elderly man with the same condition but with pulmonary function at 
50% of predicted.**® This tool may help clinicians better evaluate patients with 
ILD; however, it should be noted that this index is not specific to drug-induced 
forms of ILD and may only be applicable broadly. 

Mortality rates for ILD induced by specific drugs are of greater pertinence. 
Mortality due to pneumonitis associated with bleomycin has been estimated at 
approximately 10 to 20%.*? Among a case series literature review of 123 patients 
with methotrexate-induced pneumonitis, the respiratory-related fatality rate was 
13%.'42 Mortality due to amiodarone-induced pneumonitis has been estimated at 
10%, although it may be 2-3 times higher in those requiring hospital admission.'4 A 
recent review of seven classes of targeted therapies for non-small-cell lung cancer 
(EGFR inhibitors, anaplastic lymphoma kinase inhibitors, angiogenesis inhibitors, 
tyrosine kinase [TK] inhibitors, human epidermal growth factor receptor 2 [HER2] 
inhibitors, anti-CD20 antibodies, and mammalian target of rapamycin inhibitors) 
reported a wide range of mortality rates.*°° For instance, among reports of ILD 
induced by gefitinib, erlotinib, and sorafenib, mortality rates were estimated at 
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>30%, while ILD-related deaths among patients receiving rituximab, temsirolimus, 


and everolimus were significantly less common.**? 


PREVENTION 


Prevention of drug-induced ILD should focus on avoidance of potentially causative 
agents in patients who are at risk and careful selection for use in other populations. 
Other general strategies are summarized in Table 21-6. In general, the lowest 
effective dose of a drug should be utilized so as to avoid excessive exposure and 
additional associated risk of drug-induced ILD. Beyond careful dose selection, 
there remains minimal evidence supporting strategies for prevention or risk 
reduction. All recommended strategies focus on frequent screening to maximize the 
likelihood of early diagnosis. In patients at risk for drug-induced ILD, pretreatment 
and routine on-treatment PFTs should be determined because a change may be 
indicative of toxicity development; however, reductions in TLC and FVC may not 
become evident until after disease is established. The measurement of DL¢g should 
be considered for patients taking drugs associated with a high incidence of 
pulmonary fibrosis (Table 21-1), although little is known about whether this 
reduces the incidence or simply aids in more prompt diagnosis.**! In addition, the 
significance of asymptomatic reductions in DLc¢o is unknown. Monitoring 
frequency is largely left to the discretion of healthcare providers and tends to be 
both patient-specific and drug-dependent, with usual frequency of every 2 weeks to 
every 2-4 months.** The positive predictive value of serial DLgg monitoring with 
spirometry for amiodarone-induced pulmonary toxicity is 21%.°*? Despite this low 
value, it is recommended to consider chest radiography, PFTs, and DLco 
monitoring prior to initiation of therapy and every 3—6 months in patients taking 
maintenance amiodarone therapy.*!? Monitoring of DL¢g and PFTs is probably less 
likely to detect early disease for patients taking drugs with lower rates of 
pulmonary fibrosis. As discussed previously, HRCT is a more sensitive test for 
diagnosis of drug-induced ILD, but there is no evidence supporting HRCT in the 
routine monitoring for drug-induced pneumonitis.” 


Table 21-6 Approaches to Help Prevent Drug-Induced 


Interstitial Lung Disease/Pulmonary Fibrosis 





Prevention and early detection 


¢ Use lowest dose for shortest duration possible for desired effect 

¢ Avoid combinations of drugs known to increase risk 

¢ Frequent follow-up to monitor for symptoms of dyspnea and nonproductive cough 

* PFTs and DL¢o at baseline and every 2 weeks to every 2—4 months for high-risk drugs 
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* Consider chest radiograph every 3—6 months for high-risk drugs 

* Consider HRCT every 6 months for high-risk drugs 

¢ Inhaled corticosteroids (fluticasone 880 mcg every 12 hours) for prophylaxis of carmustine-induced 
pulmonary toxicity 

DLco = diffusion capacity of the lungs for carbon monoxide, HRCT = high resolution computed tomography, 

PFT = pulmonary function test. 


Limited options exist for pharmacologic prevention of drug-induced ILD. 
Inhaled corticosteroids have been studied for prophylaxis of carmustine-associated 
lung toxicity in patients with breast cancer.>** Inhaled fluticasone 880 mcg every 12 
hours preserved pulmonary function and decreased the incidence of pulmonary 
toxicity in patients with breast cancer treated with a conditioning regimen of 
cyclophosphamide, cisplatin, and carmustine for autologous stem cell 
transplantation.**> Some prevention strategies for drug-induced ILD with other 
medications show early promise. Inhibition of HER2 with recombinant monoclonal 
antibodies may reduce the risk of bleomycin-induced pulmonary toxicity.*°° In 
addition, thalidomide reduced the incidence of bleomycin-induced pulmonary 
toxicity in a mouse model, possibly due to its known inhibitory effect on 
interleukin-6—dependent cell growth.*?’ Finally, two therapies in development, 
JNJ7777120 plus naproxen and NCX 466, which target a dual mechanism with a 
cyclooxygenase inhibitor and nitric oxide donor, both reduced incidence of 
bleomycin-induced pulmonary fibrosis.*°°"3? However, further research in 
prevention strategies for ILD associated with all causative medications continues to 
be warranted. 


MANAGEMENT 


The goals of drug-induced ILD management include early detection, discontinuation 
of the causative agent, and, in some cases, initiating corticosteroid therapy. 
Monitoring for signs and symptoms of drug-induced pulmonary fibrosis 1s essential, 
in view of the fact that, in most documented cases, a positive clinical response has 
been reported within the first 7-10 days after discontinuing the causative agent and 
initiating therapy with corticosteroids. In some cases, positive response may occur 
even sooner. Acute episodes of drug-induced ILD such as pneumonitis may resolve 
within 48 hours after discontinuation of the causative agent. However, pulmonary 
fibrosis may take longer to resolve, if improvement occurs at all. The primary goal 
of any treatment option is to inhibit the inflammatory response and prevent 
deposition and progression of fibrotic tissue. Extrapolating guidelines for 
management of IPF, a favorable response is depicted by a decrease in symptoms, 
reduction in parenchymal abnormalities on HRCT, and two or more of the 
following: (1) >10% increase in TLC or FVC, (2) >15% improvement in DL¢o, or 


(3) improvement or normalization of oxygen saturation (>4% increase) or partial 
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pressure of oxygen (>4 mm Hg from previous measurement) achieved during a 
formal cardiopulmonary exercise test.*!’ If improvement does not occur, however, 
referral to a lung transplantation center is an important consideration, given that 
some patients with IPF or drug-induced ILD benefit from a lung transplant.*!’ 


Historically, corticosteroid therapy is regarded as the standard treatment for 
drug-induced ILD, although compelling evidence supporting this practice is lacking 
for most forms of ILD. Of note, standard doses of corticosteroid therapy have not 
been established, and the risk of adverse drug reactions such as immune system 
compromise, hypertension, hyperglycemia, fluid retention, and bone density 
alterations must be considered prior to initiation of therapy. 

More data exist regarding treatment options for IPF than for drug-induced ILD. 
The American Thoracic Society (ATS) guidelines for IPF do not recommend the 
use of corticosteroid monotherapy or corticosteroids in combination with 
cyclophosphamide (a historic and empirically used therapy for IPF), due to the lack 
of evidence supporting any survival benefit.7'’ Guidance also recommends against 
use of several other therapies including colchicine, imatinib, acetylcysteine alone 
or in combination with corticosteroids and azathioprine, or endothelin receptor 
antagonists.*'? The ATS guidelines, however, recommend the use of nintedanib or 
pirfenidone, two novel therapies approved for use in IPF in 2014.°!’ Treatment 
with nintedanib, a TK inhibitor, has been associated with an increased likelihood 
of preserving lung function and fewer acute exacerbations in patients with mild-to- 
moderate IPF.*“0*4! Pirfenidone is an oral antifibrotic medication associated with a 
reduction in mortality, FVC decline, and improved symptoms in patients with 
IPF.**7743 Tt should be emphasized that these agents are currently only FDA- 
approved for use in IPF, and therefore other types of ILD (drug-induced or 
otherwise) are unapproved indications. 


Treatment recommendations exist for ILD induced by specific drugs, including 
carmustine, bleomycin, and amiodarone. An algorithm to help guide treatment is 
provided in Figure 21-1. For management of carmustine-induced ILD, a clinical 
scoring system has been developed to determine the necessity for adjunctive 
corticosteroids during carmustine therapy for breast cancer.**4 Patients with a score 
>6 were initiated on prednisone therapy (60 mg twice daily for 10 days, followed 
by 30 mg daily for 1 week, then 20 mg daily for 1 week, with a gradual taper of 5 
mg weekly until discontinuation), while patients with a score <6 were monitored 
weekly.°*** The prednisone regimen produced clinical improvement within 72 hours 
of initiation with no patients progressing to chronic pulmonary fibrosis or death.**4 
Therefore, corticosteroids may inhibit development of carmustine-induced chronic 
pulmonary fibrosis when initiated upon early signs of acute toxicity. 
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Early detection of drug-induced ILD Patient education on signs’‘symptoms (¢.g., dyspnea, nonproductive cough) 


Identification and discontinuation of the 
causiive uot 


| 





For carmustine-induced ILD, assess need for corticosteroids with scoring system. IF total 
poums 26 for the following critena, thea prednisone, otherwise weekly monitonng may 
be used 

® Crackles on lung exam (2 points) 

° Decrease in corrected DLoo by = 10% from baseline (3 points) 

. Deerease in O; saturation by 24% with 2-minute walk (3 points) 

. Infiltrations on chest radiograph (3 points) 


Carmustine-induced ILD 
® Prodnisone 60 mg twice daily for 10 days, followed by 30 mg daily for 1 week 
then 20 my daily for 1 week, with a gradual taper of $ mg weekly until 
discontumation 
Amiodarone-induced ILD 
° Prednisone 0.75 to 1 me ky daily for 6-12 months (plus taper) 
Bleomycin-induced ILD 
° Prednisone 0.75 to 1 mg/kg daily for 4-6 weeks (plus taper) 


Corticosteroid treatment adverse effects 
. Short-term (¢.¢., hyperglycemia, hypertension, behavior changes, infection, 
fluid retention) 
° Long-term (¢.¢.. bone density alterations, cataracts, poor growth in chikiren) 
All patients 
° PPTs and DLeo 
. Consider chest radiograph and/or HRCI 


Decrease in symptoms, and 
Reduction in parenchymal abnormalities on HRCT, and 
Two or more of the following 
* 10% increase in TLC of FYC 
e 13% improvement in DLoo 
® Improvement or normalization of oxygen saturation (4% increase) or partial 
pressure of oxygen (4 mmHg from previous measurement) during a formal 
cardiopulmonary exercise test 





Consider referral for lung transplantation assessment 


FIGURE 21-1 Treatment Algorithm for Selected Agents in Drug-Induced 
Interstitial Lung Disease/Pulmonary Fibrosis 


DLco = diffusion capacity of the lungs for carbon monoxide, FVC = forced vital capacity, HRCT = high 


resolution computed tomography, ILD = interstitial lung disease, PFTs = pulmonary function tests, TLC = total 
lung capacity. 


For management of bleomycin-induced ILD, drug discontinuation and 
corticosteroid therapy are recommended. No specific doses have been studied, but 
prednisone 0.75—1 mg/kg daily for an initial 4-6 weeks (followed by a careful and 
gradual taper) to assess clinical response is a reasonable option. Drugs that have 
been investigated in animals include thalidomide, curcumin, aerosolized heparin, 
aerosolized urokinase, and oral acetylcysteine.**°°*+*"° Pirfenidone therapy was 
initiated in two patients who experienced severe bleomycin pulmonary toxicity; 
however, both patients died.**” Prospective trials are needed to better establish any 
potential benefit of drug therapy for treatment of bleomycin-induced ILD. 


Tae 


Some limited evidence supports the use of corticosteroids for the management 
of amiodarone-induced pulmonary toxicity. Amiodarone-induced lung injury can be 
particularly difficult to manage because some patients require continued treatment 
for refractory arrhythmia management, even in the presence of pulmonary fibrosis. 
Prednisone (0.75—1 mg/kg daily) is often administered until clinical and 
radiographic improvement occurs, with tapering of therapy recommended. The total 
corticosteroid treatment duration for amiodarone-induced lung toxicity should be 
approximately 6—12 months, due to the long half-life of amiodarone and the risk of 
recurrence. Early discontinuation of corticosteroid therapy has resulted in 
recurrence of amiodarone-induced pulmonary fibrosis.°!? 


INFORMATION FOR PATIENTS 


Healthcare providers must guide patients in their understanding of the risk of drug- 
induced ILD. Patients should be reminded of the balance of risks and benefits of the 
associated therapies. Patients should understand the risk factors associated with 
drug-induced ILD, as well as the common symptoms of shortness of breath and 
nonproductive cough.*48 It should be emphasized to notify the prescriber 
immediately of any of these symptoms in order to detect early signs of pulmonary 
toxicity. All patients should be counseled to cease tobacco use prior to starting 
therapy with any medication associated with drug-induced ILD. Finally, in the event 
that drug-induced ILD occurs, providers should ensure patient understanding of the 
disease. All relevant medical specialties should weigh in on the decision regarding 
optimal therapies for the disease upon cessation of the offending agent. If patients 
receive corticosteroids, counseling regarding adverse effects and referrals for 
dietitian and exercise programs to manage these effects should be emphasized. 
Communication about drug-induced ILD between patients and their providers is 
critical for effective management due to the risk of rapid progression and high 
mortality rates associated with the disease. 
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CHAPTER 22 


Asthma and Bronchospasm 


Suzanne G. Bollmeier and Rebecca L. Stauffer 


Asthma is a common disease affecting approximatelyl—18% of the population in 
different countries worldwide! and is characterized by airway inflammation, 
bronchial hyperresponsiveness, and airway obstruction that is usually reversible 
spontaneously or with treatment. Airway obstruction causes most of the clinical 
signs and symptoms of asthma, which include shortness of breath and 
bronchospasm, cough, mucus secretion, and bronchial hyperresponsiveness. Acute 
asthma exacerbations, or deterioration in status, can be triggered by several factors, 
including airborne pollens, dust, animal dander, and chemicals, as well as 
medications.” Among known asthma triggers, medications are perhaps the least 
common.’ Drugs can lead to bronchospasm by a variety of mechanisms, and drug- 
induced bronchospasm may present as an isolated event or as a symptom of 
immunologic (anaphylaxis) or nonimmunologic (anaphylactoid) reactions.* 
Although drug-induced bronchospasm occurs primarily in patients with pre-existing 
asthma, it may also occur in patients with other forms of airway 
hyperresponsiveness or drug allergies.> 


CAUSATIVE AGENTS 
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Drugs that have been reported to cause bronchospasm or worsen asthma symptoms 
are listed in Table 22-1.°!" Most evidence comes from case reports, but for some 
medications, stronger evidence exists. Although bronchospasm occurs rarely in 
association with most of the listed causative agents, aspirin, nonsteroidal anti- 
inflammatory agents (NSAIDs), B-adrenergic receptor antagonists (B-blockers), 
radiocontrast dyes, sulfites, and angiotensin-converting enzyme (ACE) inhibitors 
can cause bronchospasm more frequently. 


EPIDEMIOLOGY 


The prevalence of asthma is increasing, especially among children, in many areas 
of the world, including Africa, Latin America, Eastern Europe, Asia, and the United 
States.'°4 For example, in the United States, the prevalence of asthma increased by 


14.8% in less than 10 years (2001—2010).!°> The overall incidence of drug-induced 
bronchospasm is unknown. 


Table 22-1 Agents Implicated in Drug-Induced Asthma and 
Bronchospasm 











Level of 

Drug Incidence Evidence* 
Acetaminophen6-8 A 
jracetyleysteine9 B 
a-agonists 10 C 
Amiodarone 11,12 C 
Angiotensin-converting enzyme inhibitors 13-16 0—44% (cough) A 

NK (bronchospasm) 
Aspirin17-19 A 
Benzalkonium chloride20,21 A 
B-blockers22,23 NK A 
Betahistine24 NK C 
Bromelin25 NK C 
Carbamazepine26 NK C 
Carboprost27 NK C 
Cisapride28 NK C 

NK C 
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Cocaine29,30 

Colistin3 | 

Cromolyn32 
Cyclophosphamide33 
D-tubocurarine34-36 
D-penicillamine37,38 
Desensitization extracts39 
Dipyridamole40 

Estrogen41,42 

Ethanol43 
Ethylenediaminetetraacetic acid44-46 
Etidronate47 

Gallamine48 

Glucosamine and chondroitin49 
Heroin50,51 

Hydrocortisone sodium succinate52,53 
Interferon alfa54 
Interleukin-255,56 

Iodinated radiocontrast mediaS7 
Isotretinoin58,59 

Losartan60,61 

Menthol62 

Meperidine63 

Methimazole64 
Methotrexate65,66 
Methyldopa67 


Methylprednisolone68,69 





Mivacurium70 


Neostigmine71 


Nonsteroidal anti-inflammatory drugs (COX-1)72-75 


Oxytocin76 


Pancuronium bromide77 
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Pentazocine78 NK C 
Pentamidine79-8 1 NK A 
Propafenone82 NK A 
Propofol83 NK C 
Propylthiouracil84 NK C 
Psyllium85,86 B 
Pyrethrin87,88 C 
Sodium benzoate89 C 
Sodium salicylate90 C 
Sulfites91,92 A 
Tamoxifen93 C 
Tartrazine94,95 B 
Tetramethrin96 NK C 
Tobramycin97-99 NK A 
Venlafaxine 100 NK C 
Verapamill01 NK C 
Yohimbine 102 NK C 
Zanamivir 103 NK C 





COX = cyclooxygenase, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Aspirin can exacerbate symptoms in patients with diagnosed asthma. A recent 
meta-analysis found the prevalence to be 7% in typical adult patients with asthma, 
and as high as 14% in those with severe asthma at baseline.!’ Aspirin-induced 
bronchospasm in patients without a prior diagnosis of asthma is rare, with a 
prevalence of <1%.'*!° Due to similar mechanisms, patients with aspirin- 
exacerbated respiratory disease (AERD) also experience symptoms of asthma or 
bronchospasm associated with NSAIDs that inhibit cyclooxygenase-1 (COX-1). 
NSAID-associated hypersensitivity occurs in approximately 26% of patients with 
asthma.’ Drugs that are poor inhibitors of COX-1 (acetaminophen and nonacetyl 
salicylates such as salsalate) and highly selective COX-2 inhibitors (celecoxib) are 
generally safe to use in this patient population.’> However, there are case reports of 
COX-2 inhibitors, such as celecoxib, inducing asthma attacks.’+”> Meloxicam is a 


8 


NO 


1 


partially selective inhibitor of COX-2 but may be tolerated in aspirin-intolerant 
patients. !°° 

The prevalence of acetaminophen-induced bronchospasm in aspirin-sensitive 
patients with asthma is 0-6% with single doses <650 mg,® and most patients can 
tolerate single acetaminophen doses <500 mg.!®” A case-control study evaluating 
the cross-reactivity of acetaminophen in aspirin-intolerant patients reported 
bronchospasm in 24% and 32% after an oral challenge with acetaminophen 1,000 
mg or 1,500 mg, respectively. No patient with aspirin-tolerant asthma developed 
acetaminophen-associated bronchospasm.* Furthermore, case-control studies have 
found that increasing frequency of acetaminophen use is associated with asthma in 
adults.°7 

Guidelines recommend against the routine use of B-blockers in patients with 
asthma, and some experts consider them contraindicated.”:!°* However, due to their 
beneficial effects on cardiac morbidity and mortality following events such as a 
myocardial infarction and in patients with heart failure with reduced ejection 
fraction (HFrEF), B-blockers are often prescribed to patients even with respiratory 
diseases including asthma. It is estimated that 2.2% of patients with asthma are 
prescribed B-blockers every year.*> The prevalence of bronchospasm associated 
with nonselective B-blockers is unknown, but it has been estimated that 50—-100% 
of patients with asthma exhibit symptoms of bronchospasm after a single dose of a 
nonselective B-blocker.*” In addition to problems caused by oral or intravenous 
administration of these drugs, fatal asthma has also been reported in association 
with ophthalmic administration of timolol.!°%!!° Cardioselective B-blockers 
decrease the risk of, but do not eliminate, B-blocker—induced bronchospasm.”* 
Decreased forced expiratory volume in 1 second (FEV,) and symptoms of 
bronchospasm have been demonstrated in asthmatic patients receiving 
cardioselective B-blockers.”> However, two meta-analyses evaluating the safety of 
cardioselective B-blockers in patients with reactive airway disease concluded that 
these agents do not produce clinically significant adverse respiratory effects in this 


population.2*!!! Also, cardioselective B-blockers were found to be well tolerated 
in trials that included patients with cardiovascular diseases, including 
hypertension, angina, and heart failure. !!! 


ACE inhibitor-induced cough appears to be a class effect.'> The prevalence of 
ACE inhibitor-induced cough in the general population is approximately 5—35%.!° 
Interestingly, nonsmoking patients are thought to be at higher risk.'* Cigarette 
smoking is believed to negatively impact the cough reflex; therefore, nonsmokers 
may be more likely to respond to a normal cough reflex exacerbated by an ACE 
inhibitor. The prevalence of ACE inhibitor-induced cough and bronchospasm in 
patients with reactive airway disease appears to be similar to that in the general 
population.!> Although the incidence of cough and bronchospasm associated with 
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angiotensin receptor blockers (ARBs) is low, and they are often used in patients 
with ACE inhibitor-induced cough, cases of bronchospasm and cough have been 
reported in patients taking losartan.°? 

Paradoxical bronchospasm is an unexpected bronchoconstriction associated 


with inhaled bronchodilators.!!* Although rare, paradoxical bronchospasm 
associated with bronchodilators delivered by metered-dose inhaler or nebulization 
has been reported.4©!!3-!!6 This underrecognized reaction may occur in up to 1% of 
salbutamol inhalations.!'* The cause is unknown, but it is postulated that 
propellants, preservatives, or the osmolality or pH of the inhalant may play a 
role.!'7 Bronchospasm occurs in up to 6.9% of asthmatic patients following 
inhalation from a placebo metered-dose inhaler containing only inert ingredients. !!® 
The incidence of bronchospasm decreases from 4% to 1.55% when active drug is 
added.'!? Inactive ingredients in metered-dose inhalers implicated include 
chlorofluorocarbons, sorbitan trioleate, oleic acid, and soya lecithin.!!9 Some 
reports have also implicated newer metered-dose inhalers containing 
hydrofluoroalkane delivery systems as a cause of paradoxical bronchospasm as 
many of these inhalers contain similar inert ingredients, !!?!!4.170.171 

Similarly, preservatives like benzalkonium chloride and medication additives 
including sulfites,sodium benzoate, and ethylenediamine tetraacetic acid (EDTA) 
can cause asthma symptoms.*!*?.!!> Sulfites are no longer used in inhaled asthma 
drugs. However, sulfites are still used in injectable forms of isoproterenol and 
epinephrine. Sulfite-induced bronchospasm rarely occurs in patients without 


airway hyperresponsiveness.'!? The prevalence of sulfite sensitivity in patients 
with asthma is 5—11% and increases with age in children with severe 
aethina Weolee es 

Benzalkonium chloride is a common preservative used as a bacteriostatic agent 
used in nebulizer solutions.'!? EDTA is a stabilizing agent that is also found in some 
nebulizer preparations. Both compounds have been implicated as a potential cause 
of paradoxical bronchoconstriction induced by nebulized medications. !!>-!!9!74 
Benzalkonium chloride may stimulate histamine release from mast cells,resulting in 
cumulative dose-related bronchoconstriction.!!>!!? EDTA is added to some 
pharmaceutical preparations as a chelating agent to prevent solution 
discoloration.'*4 Although EDTA has been shown to cause bronchoconstriction 
when large doses are inhaled, clinically important bronchospasm did not occur 


when concentrations similar to those found in commercial products were 
used ,45:115.125 


MECHANISMS 
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Several mechanisms are associated with drug-induced asthma or bronchospasm. 
Most reports of bronchospasm are isolated cases, and the mechanism is unknown. 
Mechanisms of bronchospasm associated with individual drugs, when known, are 


listed in Table 22-2.°:7.23.!26-131 


Table 22-2 Mechanisms of Drug-Induced Asthma and 


Bronchospasm 





Drug Mechanism 





Acetaminophen8 Not clearly understood; weak inhibition of cyclooxygenase 
nracetyleysteine9 Airway irritation 


Angiotensin-converting enzyme |Not clearly understood; may be related to increased concentrations of 


inhibitors 126 bradykinin and substance P with related alterations in prostaglandin 
homeostasis 
Aspirin127 Inhibition of COX forces the metabolism of arachidonic acid through the 


lipoxygenase pathway, resulting in increased concentrations of leukotrienes 
(see Figure 22-1) 


Benzalkonium chloride 128 Anaphylactoid mast-cell degranulation and stimulation of cholinergic and 
noncholinergic nerves in the airways 

B-blockers23 B-receptor blockade, leading to bronchoconstriction 

Nonsteroidal anti-inflammatory | Inhibition of COX forces the metabolism of arachidonic acid through the 


drugs (COX-1 inhibitors) 129 lipoxygenase pathway, resulting in increased concentrations of leukotrienes 
(see Figure 22-1) 


Sulfites 130,131 Sulfur dioxide is liberated during nebulization; inhalation can lead to increased 
concentrations of proinflammatory mediators such as interleukin-6 and tumor 
necrosis factor a 


COX = cyclooxygenase. 


Bronchospasm can be provoked by direct irritation of the airway from N- 
acetylcysteine or bisulfites, IgE-mediated reactions in anaphylaxis, precipitation of 
IgG antibodies that may occur in association with methyldopa, mast-cell 
degranulation, or as a result of an intended or unintended pharmacologic effect in 
patients taking aspirin or B-blockers.!** Aspirin-exacerbated respiratory disease is 
characterized by airway inflammation and hyperresponsiveness associated with 
drugs that inhibit COX-1 such as aspirin and NSAIDs.!*’ This nonallergic 
hypersensitivity is characterized by an association between aspirin intolerance, 
asthma, nasal polyps, and chronic rhinosinusitis, referred to as the aspirin tetrad. !7’ 
The mechanism of AERD is not completely understood. It is unlikely that the 
response to aspirin is caused by an IgE-dependent mechanism but is more likely 
due to inhibition of COX-1 and prostaglandin synthesis. This leads to activation of 
inflammatory mast cells, eosinophils, and the subsequent release of leukotrienes 
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and other mediators within the nasal mucosa.” Currently proposed mechanisms of 
AERD are presented in Figure 22-1.!° 
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FIGURE 22-1 Mechanisms of Aspirin-Exacerbated Respiratory Disease 
Aspirin/NSAID inhibition of cyclooxygenase (COX-1, COX-2) pathways forces the metabolism of arachidonic 
acid through the lipoxygenase pathway. Decreased prostaglandin E> production and increased leukotriene 
synthase activity results in increased production of the promflammatory cysteinyl leukotrienes. Production of 
lipoxin and lipoxin epimers also appears to be decreased. ASA = acetylsalicylic acid (aspirin), COX = 
cyclooxygenase, 15-EpiLXA¥4 = 15-epilipoxin Ay, HETE = hydroxyeicosatetraenoic acid, HPETE = 
hydroperoxyeicosatetraenoic acid, LT = leukotriene, LXA4 = lipoxin Ay, LO = lipoxygenase, FLAP = 5- 
lipoxygenase activating protein, NSAID = nonsteroidal anti-inflammatory drug, PG = prostaglandin, TXA9 = 
thromboxane Ap. 


Aspirin-exacerbated respiratory disease is characterized by increased 
production of cysteinyl leukotrienes (CysLTs; leukotrienes Cy, Dy, and E,4) and 


eosinophilic infiltration.’”!*4 Cys-LTs are metabolic products of phospholipid 


metabolism. Once phospholipid is liberated from the nuclear membrane, it is 
converted by phospholipase A, to arachidonic acid, which is then biotransformed 


into thromboxanes, prostaglandins, and 5-hydroperoxyeicosatetraenoic acid (5- 
HETE), which is ultimately biotransformed to leukotriene E, (LTE,).!°*!*° Cys-LTs 
are believed to be the primary mediators of AERD, as biosynthesis of Cys-LIs 
appears to be upregulated in AERD.”” Cys-LTs are potent inflammatory mediators 
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causing eosinophil chemotaxis, microvascular permeability, mucous-gland 
secretion, and bronchoconstriction.'°° Compared with eosinophils from aspirin- 
tolerant asthmatics, circulating blood eosinophils from patients with AERD carry 
larger amounts of leukotriene C, (LT'C,) synthase, the rate-limiting enzyme for Cys- 


LT production. Patients with AERD have a larger quantity of eosinophils in 
bronchial tissue compared to patients with aspirin-tolerant asthma, and Cys-LT 
concentrations in bronchial lavage fluids correlate with the degree of eosinophilic 
infiltration of bronchial tissue in patients with AERD.!*/ In addition, LTC, synthase 


is overexpressed in the bronchial mucosa of patients with AERD.!3”-!°° 


It is postulated that COX inhibition by aspirin and NSAIDs drives arachidonic 
acid through the leukotriene metabolic pathway. !°? COX exists in several isoforms, 
with COX-1 expressed constitutively in most tissues and COX-2 induced by 
inflammatory mediators.'4° COX enzymes metabolize arachidonic acid to the 
proinflammatory mediators prostaglandins D, (PGD,) and Fa (PGF,a), and the 
anti-inflammatory mediator prostaglandin E, (PGE,).'*! Exposure to aspirin and 
most NSAIDs results in decreased production of COX metabolic products such as 
PGE,, which normally inhibits 5-lipooxygenase (5-LO) and 5-LO activating protein 
(FLAP). The “braking effects” of PGE, are greatly minimized, leaving 5-LO 
unopposed. This leads to oversynthesis of leukotrienes, a reduction in mast-cell 
stabilization, and the release of histamine and tryptase.!*° 

Both 8, and B,-adrenergic receptors are present in the heart and the lungs, but 
B,-receptors are found primarily in the heart and B5-receptors are mainly found in 
bronchial smooth muscle.* B-blockers competitively inhibit stimulation of B- 
adrenergic receptors, resulting in unopposed parasympathetic tone, which can 
result in bronchoconstriction.*7*'? Stimulation of B-receptors (as with B,- 
receptor agonists) results in relaxation of bronchial smooth muscle, while blocking 
these receptors results in airway constriction.” It is important to consider all routes 
of administration of B-receptor active agents. Up to 80% of the volume of topically 
administered B-blocker eyedrops drains into the nasolacrimal duct and is absorbed 
via the nasal mucosa.!!° Nonselective B-receptor inhibition substantially shifts the 
dose-response curve of inhaled f,-adrenergic agonists (B>5-agonists), limiting their 
effectiveness in reversing bronchospasm caused by nonselective {-blockers. 
Cardioselective B-blockers preferentially bind to B,-adrenergic receptors, but this 
selectivity is attenuated at higher doses. Bronchospasm caused by cardioselective 
B-blockers may be easier to reverse with inhaled B5-agonists.'* 

The mechanism of ACE-inhibitor-induced cough has not been clearly 
elucidated, although increased concentrations of proinflammatory substances like 
bradykinin, substance P, prostaglandins, and thromboxane are likely involved.!? 
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ACE converts angiotensin I to angiotensin II and is also responsible for metabolism 
of bradykinin, substance P, and neurokinin A.* ACE-inhibitor—induced cough may 
result from the accumulation of these substances in the lungs. Bradykinin and 
substance P activate mast cells, releasing proinflammatory mediators. In addition, 
bradykinin is a vasodilator and increases vascular permeability. Inhaled bradykinin 
causes bronchospasm, possibly through increases in the production of thromboxane 
A>, prostacyclin I, (PGI,), and PGE,, which can activate rapidly acting receptors 
of the afferent neuronal pathway, stimulating the cough reflex. The accumulation of 
substance P may also play a role in ACE-inhibitor—induced cough, as it serves as a 
neurotransmitter for the afferent neurons, in particular sensory C fibers, and can 
cause bronchoconstriction.'!4 A genetic predisposition for ACE-inhibitor—induced 
cough may exist. !7° 

Several different mechanisms may cause paradoxical bronchospasm, including 
turbulent airflow due to inappropriate inhaler use, the deep inspiratory maneuver 
used for drug inhalation, IgE-mediated reactions to product excipients (e.g., soy 
lecithin), excipients in metered-dose inhalers (e.g., oleic acid), and hyperosmolar 
or acidic nebulizer solutions.*° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The signs and symptoms of drug-induced bronchospasm can be nonspecific and 
may be difficult to differentiate from other causes of bronchospasm, such as asthma 
and chronic obstructive pulmonary disease (COPD) (Table 22-3).!*°:!4° Conditions 
that should be considered in the differential diagnosis of drug-induced asthma or 
bronchospasm are listed in Table 22-4.!*:'4” Recent drug exposure and the presence 
of other risk factors (Table 22-5) are usually required for the diagnosis.°:!4!%!29.!48 
When in doubt, specialists in clinics with the ability to treat anaphylactic reactions 
should challenge the patient with the suspected causative agent in a controlled 
environment. 


Table 22-3 Signs and Symptoms Associated with Drug-Induced 


Asthma and Bronchospasm 





Drug-induced asthma and bronchospasm'45 


* Tachypnea 

* Tachycardia 
* Wheezing 

* Diaphoresis 
* Cyanosis 
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* Dyspnea 

* Cough 

¢ Shortness of breath 
* Chest tightness 

* Anxiety 

* Agitation 


ACE-inhibitor—induced cough'46 


* Tickling sensation in the back of the throat 
* Dry, hacking, irritating nonproductive, paroxysmal cough 
¢ Hoarseness 


ACE = angiotensin-converting enzyme. 


Aspirin-exacerbated respiratory disease is an acquired condition that may 
develop as adult-onset asthma or be superimposed on pre-existing asthma. The 
typical presentation 1s that of the classic aspirin tetrad of rhinitis, nasal polyps, 
asthma, and aspirin intolerance. Typically, symptoms of chronic rhinitis present in 
the late teen years to middle age and often follow a viral infection.!*’ Rhinitis 
usually worsens, becomes refractory to treatment, and progresses to chronic 
hyperplastic eosinophilic sinusitis with nasal polyposis.’” Asthma may develop 1— 
5 years after the development of rhinitis with polyposis.'*’ The development of 
aspirin or NSAID sensitivity can occur at any point during the disease. Most 
patients with AERD are not clinically distinguishable from aspirin-tolerant patients 
with asthma until challenged with aspirin/NSAIDs. Patients may have an acute 
asthma attack with symptoms of rhinorrhea and conjunctival infection within 
minutes to 3 hours of ingestion of aspirin or NSAIDs.!3° A small number of patients 
present with nonrespiratory symptoms such as urticaria or angioedema after aspirin 
ingestion.’* Often, reactions are severe and can be life-threatening. 


Table 22-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Asthma and Bronchospasm 





Drug-induced asthma and bronchospasm‘ 
* Pre-existing chronic asthma 

¢ Pre-existing chronic obstructive pulmonary disease 

¢ Allergic rhinitis and sinusitis 

¢ Upper respiratory tract infection 

* Foreign body in the trachea or bronchus 

* Vocal cord dysfunction 

* Vascular rings or laryngeal webs 

¢ Laryngotracheomalacia, tracheal stenosis, bronchostenosis 
¢ Laryngeal edema 

¢ Viral bronchitis or obliterative bronchiolitis 

* Cystic fibrosis 

* Bronchopulmonary dysplasia 
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* Aspiration 

* Gastroesophageal reflux 

* Heart failure 

* Pulmonary embolism 

* Tumor causing mechanical obstruction 
* Acute bronchitis 

¢ Pulmonary infiltration with eosinophilia 


ACE-inhibitor—induced cough'47 


¢ Upper respiratory tract infection 
¢ Allergic rhinitis and sinusitis 

e« Asthma 

* Chronic obstructive airway disease 
* Gastroesophageal reflux 

* Laryngitis 

* Heart failure 

* Mitral stenosis 

* Pneumonia 

* Pulmonary emboli 

¢ Acute bronchitis 

¢ Smoker’s cough 

* Tuberculosis 

¢ Lung carcinoma 


Table 22-5 Risk Factors for Drug-Induced Asthma and 





Bronchospasm 
Aspirin-induced asthma‘? 


* Pre-existing asthma 
* Nasal polyps 

* Age (30s or 40s) 

* Female sex 


p-blockers? 


* Pre-existing airway hyperreactivity 


ACE-inhibitor—induced cough'4,16,148 


¢ Female sex 

¢ African-American or Asian race 

* Elderly 

* Heart failure 

* Genetic polymorphism (bradykinin metabolism gene XPNPEP p and bradykinin receptor gene BDKRB 7) 


ACE = angiotensin-converting enzyme. 


Diagnosis of AERD begins with a detailed medical history. However, the 
history may not be helpful because the patient may have taken aspirin or NSAIDs 
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successfully in the past, without bronchospasm or other adverse respiratory effects. 
Aspirin or NSAID-induced asthma should be suspected when symptoms of 
persistent and intractable rhinorrhea and nasal congestion occur after ingestion of 
aspirin or NSAIDs in patients with current nasal polyps or loss of smell and 
mucosal hypertrophy on CT scan. Patients with AERD tend to have more severe 
asthma symptoms with an increased risk of severe exacerbations. There is no in 
vitro test available for the diagnosis of AERD; the definitive diagnosis is made 
using aspirin provocation tests, during which aspirin may be administered by the 
oral, inhaled, nasal, or intravenous route (of these, only oral administration is 
available in the United States). Patients should be challenged when asthma is in 
remission with an FEV, >70% of the predicted value, and the provocation test 


should be carried out by specialists in clinics with immediate access to emergency 
equipment and ability to treat anaphylactic reactions. Discontinuation of asthma 


controller medications is not recommended, as it may lead to severe reactions. 


In an oral provocation test, the patient receives placebo capsules the day prior 
to the challenge to allow for estimation of bronchial stability. On day 2, patients 
receive 10-30 mg of aspirin, and the dose 1s doubled every 1.5—3 hours until a 
positive reaction (nasal congestion, rhinorrhea, or at least a 20% decrease in 
FEV,) occurs. If the final aspirin dose is 312 mg (equivalent to 500-mg cumulative 


dose) and well tolerated, the patient is considered aspirin tolerant.’* A nasal 
provocation test involves the administration of lysine-aspirin 8 mg into each nostril 
(total dose, 16 mg) with rhinomanometry performed every 10 minutes for 2-3 
hours.!*? A positive test is defined as a decrease in nasal flow of >40% compared 
with baseline in at least one nostril that is sustained for at least two 
rhinomanometry measurements and is accompanied by clinical symptoms persisting 
for >30 minutes.'°°!>! During oral inhaled provocation tests, an inhalation of 
normal saline is administered, and if FEV, does not decrease by >10%, increasing 


oral inhaled doses of lysine aspirin are given every 30 minutes to a maximum 
cumulative dose of 182 mg. Spirometry is performed at 10, 20, and 30 minutes after 
each dose. A decrease in FEV, of >20% from baseline or the occurrence of 
substantial extrabronchial symptoms is considered positive for aspirin-induced 
asthma. Bronchial provocation with lysine-aspirin is as sensitive as, but less 
specific than, oral provocation testing.!°? The oral route is generally recommended 
over both intranasal and inhaled routes for the provocation test. Patients with 
significant nasal obstruction or turbulent nasal flow should not be administered 
intranasal aspirin. Similarly, those with chronic rhinosinusitis without asthma or 
those with a history of only upper airway symptoms after NSAID ingestion cannot 
undergo the inhaled challenge.” 


Bronchospasm due to B-blockade cannot be distinguished clinically from an 
acute asthma attack. Drug-induced bronchospasm should be suspected in any 
asthmatic patient who wheezes while taking a B-blocker. A single dose of a 


830 


cardioselective B-blocker can result in a significant decrease in FEV), whereas 


chronic B-blocker administration may not cause a significant reduction in FEV,.!°* 


ACE-inhibitor—induced cough is typically characterized as dry, irritating, and 
nonproductive with a persistent tickling sensation in the back of the throat. !4!>4 
The cough may present within hours of the first dose, or it may be delayed up to 12 
months after the initiation of therapy. ACE-inhibitor—-induced cough may cause 
hoarseness, vomiting, and stress incontinence, and the cough may worsen in the 
supine position or at night.!47!°> Although the cough may resolve within a week 
after the discontinuation of ACE-inhibitor therapy, 1t may linger for 1-3 months in 
some individuals. !47!*4 The differential diagnosis of ACE-inhibitor—induced cough 
includes asthma, chronic smoking, COPD, postnasal drip, heart failure, upper- 
respiratory-tract infection, and gastroesophageal reflux.!47!*°!5° Diagnosis of 
ACE-inhibitor—induced cough requires discontinuation of therapy and monitoring of 
the cough. Diagnosis is confirmed by resolution of the cough within 1-4 weeks 
after discontinuation, although, as mentioned above, in a subgroup of patients the 
cough may last up to 3 months.!*4 

Patients with paradoxical responses to inhaled drugs demonstrate a lower-than- 
expected response to the drug or worsening of their pulmonary symptoms. The 
response is usually rapid and may occur within minutes of inhaling the agent.!>/ 
Patients with known severe asthma have often reported severe wheezing, chest 
tightness, and dyspnea after ingesting sulfite-containing foods. Reactions to sulfites 
rarely occur in patients without reactive airway disease. The diagnosis of sulfite 
sensitivity is made by taking a detailed history and may be confirmed by 
rechallenge.!!? 


RISK FACTORS 


Risk factors for drug-induced asthma and bronchospasm are listed in Table 22-5. 
The principal risk factor for drug-induced bronchospasm is pre-existing asthma. 
However, smoking, pre-existing airway disease, older age, and respiratory 
infection may also increase the risk for drug-induced bronchospasm.4 
Aspirin-exacerbated respiratory disease occurs primarily in adults and 
generally does not manifest until the 30s or 40s.!*? The frequency of AERD 
increases with age, and the incidence is fourfold higher in patients 40 years of age 
or older compared with those younger than 20 years.* The risk of AERD also 
increases with a patient’s asthma severity; the prevalence is doubled in patients 
with severe persistent asthma.!’ Women are affected 2—2.5 times more often than 
men.!®:!58:!59 Th a study of 500 aspirin-intolerant asthmatic patients from 10 
European countries, the prevalence of AERD was 2.3 times greater in women than 


831 


in men. In women, the onset of symptoms occurred earlier in life, and the disease 
was more progressive and severe.!°® A study of 300 patients in the United States 
found the prevalence of AERD to be only 1.3 times greater in women than in men, 
and the severity of the disease was similar in both sexes.'!© There appears to be no 
ethnic or familial distribution of AERD, with only 6% of patients in the European 
study and 1% inthe U.S. study having a family history of AERD.!>®:!© Patients with 
nasal polyps or chronic rhinosinusitis had a 9.69% prevalence and 8.7% 
prevalence, respectively. !’ 

ACE-inhibitor—induced cough occurs more often in female patients, in those of 
Chinese origin, and in nonsmokers. !*°!°4!¢!.!62 A CE-inhibitor—induced cough is not 
dose-related and can occur in patients taking initial starting doses.'*’ Patients with 
chronic lung diseases such as COPD or asthma do not appear to be at a greater risk 
for cough associated with ACE inhibitors.!°> Patients with heart failure that are 
treated with an ACE inhibitor have a higher incidence of cough than those treated 
with ACE inhibitors for hypertension.'°* There is speculation regarding the 
potential for a genetic predisposition to ACE-inhibitor—induced cough. Some 
evidence implicates polymorphisms in the bradykinin metabolism gene (X¥PNPEP>) 


and bradykinin receptor genes (BDKRB,).'*® 


MORBIDITY AND MORTALITY 


Any drug reaction that causes acute bronchospasm or exacerbates asthma has the 
potential to negatively impact patient morbidity and mortality. In patients with 
AERD, who tend to have more severe asthma, aspirin therapy may be associated 
with aggressive airway remodeling and, in some, decreased diffusion capacity. A 
study evaluating factors associated with the development of severe asthma found 
that 9.44% of patients had experienced aspirin intolerance; of those, 30.67% had 
severe asthma. Aspirin was a significant risk factor for the development of severe 
asthma (OR 5.44, 95% CI 2.47-8.41).'% Another study evaluating 3,307 adult 
patients with severe or difficult-to-treat asthma demonstrated that the mean percent 
predicted postbronchodilator FEV, was significantly decreased in those who were 
aspirin-intolerant (75.3%) as compared with those who were aspirin-tolerant 
(79.9%), and patients with aspirin-intolerant asthma were more likely to have 
severe asthma based on physician assessment (66% versus 49%).'° A greater 
percentage of aspirin-intolerant subjects had a history of intubation (20% versus 
11%), and over a 3-month period had more unscheduled office visits (54% versus 
44%), emergency department visits (18% versus 13%), and requirement for burst 
doses of steroids (56% versus 46%).'© A survey of 500 patients with AERD in 10 
European countries found that inhaled and oral corticosteroids were required in 
80% and 50% of patients, respectively. The average corticosteroid dose was 
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equivalent to prednisone 8 mg daily.!°* NSAID exposure has also been shown to be 
a risk factor for rapid-onset fatal or near-fatal asthma. !® 

The responses to a survey administered to 200 patients with AERD indicated 
that it can also influence quality of life. When asked how badly AERD affected 
their lives, with a score of one representing mild and score of nine representing 
severe, most respondents ranked their quality of life with a score of seven. The two 
categories that diminished quality of life most severely were decreased sense of 
smell (89%) and chronic nasal symptoms (87%). !°7 

The risk of increased morbidity and mortality due to B-blocker-induced 
bronchospasm is unknown, but fatalities due to bronchospasm caused by these 
agents have occurred. Single-dose exposure to selective B-blockers can cause a 
mean decrease in FEV, of 7.46% with no change in symptoms.'>? In a meta- 
analysis of randomized controlled trials evaluating acute nonselective B-blocker 
exposure in patients with asthma, there was a mean change in FEV, of —10.2% and 
symptoms affecting one in 13 patients. In patients with asthma exposed to acute 
selective B-blocker therapy, there was a mean change in FEV, of —6.9% and 
symptoms affecting | in 33 patients. This meta-analysis also showed an attenuation 
of concomitant B,-agonist response of —10.2% in patients exposed to acute 
selective B-blocker therapy and —20% in patients exposed to acute nonselective B- 
blocker therapy.7? Although bronchoconstriction may occur after a single dose of a 
B-blocker, some researchers suggest that B-blockers may have a beneficial effect 
for patients with asthma. In one small study, including patients with mild asthma, 
the nonselective B-blocker nadolol exerted a dose-dependent and significant 
attenuation in airway hyperresponsiveness from baseline in 80% of the patients. !© 

The largest impact of the persistent cough associated with ACE inhibitors 1s the 
potential for patient self-discontinuation of therapy. Discontinuation rates as high as 
50% have been reported.'*’ The chronic, bothersome cough may also decrease 
quality of life and potentially increase the use of healthcare resources to determine 
cough etiology.'4’ Patients may also seek nonprescription or prescription 
medication to relieve the cough. !° 

The morbidity and mortality associated with paradoxical bronchospasm is 
unknown. However, an ineffective or worsening response from a bronchodilator 
during an active asthma attack could lead to significant morbidity. 


PREVENTION 


The primary strategy for preventing drug-induced asthma or bronchospasm is 
avoidance of causative agents (Table 22-6). Alternative analgesic treatments for 
patients with AERD include acetaminophen, salsalate, meloxicam, and 
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celecoxib.!*8 Cases of successful use of COX-2 inhibitors have been reported.!” 
However, there have also been reports of COX-2 inhibitors inducing 
bronchospasm.!7!:!7? Eight combined studies (n = 206) demonstrated that COX-2- 
selective NSAIDs may be used safely in patients with AERD.'” Aspirin-induced 


asthma is not a risk factor for mortality if aspirin and NSAID avoidance is 
174 


ensured. 





Table 22-6 Approaches to Help Prevent Drug-Induced Asthma 
and Bronchospasm 


Drug Condition | Prevention 


Aspirin Asthma Avoidance of aspirin 

Aspirin desensitization 

Acetaminophen, salsalate, meloxicam, or celecoxib may be used 
instead of aspirin 


B-blockers Bronchospasm Use cardioselective B-blockers at lowest possible dose 


ACE inhibitors Cough Avoidance of ACE inhibitors 
Use angiotensin receptor blocker or antihypertensive agent from a 
different class 


ACE = angiotensin-converting enzyme. 


The frequency of cross-sensitivity between aspirin and acetaminophen is 
uncertain, but is likely between 0 and 6%. Studies show that patients with AERD 
can usually tolerate single acetaminophen doses of up to 650 mg safely. Single 
doses of 1,000 mg, however, induce bronchospasm in up to 20% of patients. These 
reactions associated with acetaminophen tend to be less severe than those 
associated with aspirin.’> Aspirin desensitization is a possible alternative if 
avoidance of aspirin, aspirin-containing products, or NSAIDs is not possible in 
patients with AERD. Aspirin desensitization, a process involving repeated 
exposure to aspirin in increasing doses to eliminate adverse effects related to its 
use, allows patients to take aspirin or cross-reacting NSAIDs. Desensitization and 
daily aspirin use can significantly improve patient symptoms and quality of life, 
decrease nasal polyps, and reduce the need for oral corticosteroids and sinus 
surgery. Desensitization also has been shown to improve nasal and asthma symptom 
scores in patients with AERD. Contraindications to desensitization include 
pregnancy, unstable asthma, gastric ulcers, and bleeding disorders. Numerous 
aspirin desensitization protocols exist. One such protocol desensitizes patients over 
several days. Patients should have a baseline FEV, >60% predicted (at least 1.5 
L). Therapy with a leukotriene modifier should be initiated if one is not currently 
taken, and patients should continue therapy with oral or inhaled corticosteroids and 
long-acting bronchodilators. Antihistamines and short-acting B-agonists should be 
held prior to the challenge. The protocol starts with administration of aspirin 20-40 


834 


mg every 3 hours. If a reaction occurs, it is treated before continuing. This initial 
provocation dose is then repeated. The effects of aspirin desensitization last 
indefinitely, but long-term therapy is necessary to maintain desensitization. 
Maintenance treatment with aspirin should be at least 325 mg and ideally twice 
daily to ensure adequate anti-inflammatory activity in the respiratory tract. For 
patients who need primary cardiovascular prophylaxis with aspirin, 81-mg doses 
may maintain the desensitized state.!7° 

Because of the mortality benefits demonstrated with B-blockers, their use may 
be necessary in patients with HFrEF and/or a history of myocardial infarction.!*° 
Nonselective B-blockers are contraindicated in patients with asthma. However, one 
meta-analysis concluded that B,-selective B-blockers should not be avoided in 
patients who may benefit from their use.!°? Reports of bronchospasm with low 
doses and B,-receptor blockade associated with high doses of cardioselective B- 
blockers have been documented. Therefore, the chosen cardioselective B-blocker 
should have a short half-life and be initiated at the lowest possible dose, and 


upward dose titration should occur slowly.'*? Although cardioselective B-blockers 
are associated with a lower incidence of respiratory adverse effects than 
nonselective B-blockers, both types should be avoided in patients with severe 
asthma. Patients requiring therapy with a topical ophthalmic B-blocker to decrease 
intraocular pressure should also be prescribed a cardioselective agent such as 
betaxolol.!* 


MANAGEMENT 


Based on one of the proposed mechanisms of AERD, both cys-LT, receptor 
antagonists (zafirlukast and montelukast) and 5-lipoxygenase inhibitors (zileuton) 
should play a role in the management of AERD.!7*:!° A study involving 46 patients 
evaluated the impact of long-term montelukast therapy in protecting against AERD 
in aspirin-intolerant patients. Patients with mild or moderate asthma received 
montelukast 10 mg daily for 12 weeks. The decline in FEV, following aspirin 


challenge decreased from 28.6% + 1.9% to 10.2% + 1.7% (p = 0.0001). Patients 
were were considered poor responders if they demonstrated >15% decline in FEV, 


after aspirin challenge. Poor responders (n = 14, 30%) had a higher incidence of 
rhinosinusitis, history of aspirin hypersensitivity, and larger decline in FEV, 


following aspirin challenge before treatment compared with good responders 
(37.6% + 3.8% versus 24.7% + 1.8%; p = 0.005). !7” 


Numerous smaller studies have evaluated the impact of zileuton in patients with 
AERD. In one study, n = 7 patients demonstrated a mean maximal decrease in FEV, 


of 2.9% while taking with zileuton compared with 4.9% during placebo after an 
aspirin challenge. However, only two patients in the study experienced complete 
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inhibition of aspirin-induced respiratory adverse effects.!’8 Another small study (n 
= 6) evaluated the effect of zileuton and placebo before and during an aspirin 
challenge. The mean aspirin dose provoking a respiratory reaction was 57 mg (30— 
100 mg) during initial challenge and increased to 122 mg (45—325 mg) in patients 
taking zileuton 600 mg four times daily. No participants could tolerate typical 
aspirin doses, and the authors concluded that the dose of zileuton was inadequate in 
preventing aspirin-induced respiratory reactions.!’? A study of similar design (n = 
8) demonstrated much different results with zileuton, showing decreased urinary 
LTE, excretion and a FEV, decrease of 4.4% associated with zileuton, compared 


with 18.6% during placebo.'*° Differences between the studies may be due to 
differences in zileuton doses. One study used escalating doses of zileuton, whereas 
the other used a previously determined threshold dose. Differences between the 
studies may also be related to differences in the patients’ disease severity.!*! 
Patients taking a 5-lipoxygenase inhibitor or a Cys-LT, receptor antagonist should 


continue to exercise caution with aspirin, NSAIDs, and other cross-reacting agents, 
because bronchospasm may occur.!”? 


Omalizumab was shown to facilitate aspirin desensitization in a case report. A 
patient who had been previously unresponsive to aspirin desensitization received 
16 weeks of omalizumab therapy (four doses), after which she underwent 10 days 
of aspirin desensitization, resulting in aspirin tolerance. Two years later the patient 
was still able to tolerate aspirin 600 mg daily, did not require asthma control 
treatment, did not have urticaria, and denied nasal polyp recurrences.!*? The 
biologic agent mepolizumab, which targets eosinophils, may also have potential for 
the management of AERD. 


A survey of patients with a diagnosis of AERD reported that 88% of patients 
had been treated with a leukotriene-modifier agent, 24% underwent a trial of 
zileuton therapy, and 8% had been treated with omalizumab. The greatest benefit 
was associated with leukotriene receptor antagonists, with 50% of patients 
remaining on chronic leukotriene receptor antagonist therapy for AERD.!° 


Ipratropium is the preferred treatment for B-blocker-induced bronchospasm.” 


Oxitropium, an antimuscarinic, has also been shown to prevent acute propranolol- 
induced bronchoconstriction.'** In addition, evidence has shown that tiotropium 
may prevent propranolol-induced bronchoconstriction after acute dosing during up- 
titration to 80 mg. There was no significant difference observed in methacholine or 
histamine airway hyperresponsiveness for patients receiving propranolol or 
placebo and no adverse impact on asthma control. Albuterol may be used to treat f- 
blocker—induced bronchospasm, but acute effects may be attenuated. In one study, 
after methacholine challenge, patients received albuterol and ipratropium. There 
was a Significant decrease in area under the curve for patients treated with 
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propranolol versus placebo; however, after 20 minutes the difference was no 
longer significant. !*4 

Once ACE-inhibitor-induced cough is suspected, the drug should be 
discontinued to determine whether the cough is ACE-inhibitor—induced.'*’The 
cough usually resolves within 1-4 weeks but may take up to 3 months in some 
individuals.'*”!>4 A rechallenege may be performed with the same or a different 
agent to determine if cough recurs. In some patients the cough may abate with long- 
term therapy or subside spontaneously.'*” Alternatives to ACE inhibitor therapy 
include ARBs or antihypertensive agents from different drug classes. ARBs are 
effective for the management of hypertension or heart failure but do not directly 
inhibit ACE activity or inhibit bradykinin metabolism. Randomized, controlled 
studies of ARBs have demonstrated a lower incidence of cough in patients with a 
history of ACE-inhibitor—induced cough.!®*-!8° In one meta-analysis of studies 
conducted in patients with intolerance to ACE inhibitors, the incidence of cough 
associated with ARBs was 24%, compared with 67% associated with ACE 
inhibitors.!°’ If a patient with ACE-inhibitor—induced cough must remain on ACE 
inhibitor therapy, there are limited drug therapy options to manage cough. Drug 
therapy, including inhaled cromolyn, theophylline, sulindac, indomethacin, 
amlodipine, nifedipine, ferrous sulfate, and picotamide (not available in the United 
States) has been reported to exert some beneficial effects on ACE-inhibitor— 
induced cough in small, randomized, double-blind, placebo-controlled trials. 
Small, unblinded, uncontrolled studies have provided limited evidence supporting 
the use of baclofen, ozagrel, and aspirin (500 mg/day) for management of ACE- 
inhibitor—induced cough. After discontinuation of the ACE inhibitor and resolution 
of the cough, a repeat trial of an ACE inhibitor may be attempted in patients with a 
compelling reason to use an ACE inhibitor and who are unable to take an ARB.!*4 
Some evidence suggests that ACE-inhibitor—induced cough occurs less frequency 
with concomitant calcium channel blocker or diuretic therapy compared to that 
associated with ACE inhibitor monotherapy. There was also a lower frequency of 
cough when the ACE inhibitor was taken at bedtime. !*8 


INFORMATION FOR PATIENTS 


Patients with AERD should be instructed to avoid potent COX-1 inhibitors such as 
aspirin, ibuprofen, ketoprofen, and others. Weak peripheral inhibitors of COX-1 
and COX-2 (e.g., acetaminophen, salsalate) may be used, but patients should be 
informed that there is a chance of exacerbation of asthma with these drugs and to 
immediately discontinue therapy if this is suspected.!~:!7%!73 Aspirin or NSAID 
allergy must be documented in all medical records, including at the patient’s 
pharmacy. Patients should be instructed to consult their pharmacist to select 
nonprescription products with no cross-reactivity with aspirin. Because cross- 
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reactivity is dose-related for some medications, patients should be advised to take 
only doses recommended by a healthcare provider. 


Patients with a respiratory condition such as asthma or COPD should inform 
providers of their condition. If a patient is prescribed a B-blocker, the patient 
should be instructed not to take more than the prescribed dose. It 1s necessary for 
patients taking B-blockers to inform healthcare providers about their use and be 
warned that they may exacerbate respiratory conditions. 


If patients experience cough due to ACE inhibitors, they should be instructed to 
contact their healthcare provider and not to treat the cough with nonprescription 
products. ACE-inhibitor—induced cough is treated with antitussive therapy in 
approximately 15% of all cases.'®? In one study, treatment with prescription 
antitussive therapy was twice as likely in patients taking ACE inhibitors compared 
to patients who did not receive ACE inhibitor therapy. This study did not assess the 
use of nonprescription antitussives, which would likely increase the risk of 
misdiagnosis and mistreatment of ACE-inhibitor—induced cough.!'® Patients using 
ACE inhibitors who experience a chronic cough should be referred to their medical 
provider to determine the etiology. 
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CHAPTER 23 


Myocardial Ischemia and Acute 
Coronary Syndromes 


Kevin M. Sowinski 


Myocardial ischemia occurs as a result of increased myocardial demand, 
decreased myocardial oxygen supply, or both, and most commonly occurs in 
patients with atherosclerotic coronary artery disease. This chapter discusses the 
specific mechanisms by which drug therapy may cause increased myocardial 
oxygen demand or decreased supply. 


Angina pectoris is a clinical syndrome of chest discomfort caused by reversible 
myocardial ischemia that produces disturbances in myocardial function but no 
myocardial necrosis. Myocardial ischemia can also occur without any symptoms of 
angina and is typically referred to as silent myocardial ischemia. Acute myocardial 
infarction (MI) is a clinical syndrome associated with the development of a 
prolonged occlusion of a coronary artery leading to decreased oxygen supply, 
myocardial ischemia, and irreversible damage to myocardial tissue. MI in patients 
with coronary artery disease is usually associated with a coronary artery 
thrombosis superimposed on a ruptured atherosclerotic plaque. The specific 
mechanisms by which drugs may facilitate or cause MIs will be discussed. 
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An acute coronary syndrome is associated with three clinical manifestations: 
ST-segment elevation MI, non-ST-segment elevation MI, and unstable angina.!* For 
the purposes of this chapter, it is difficult to separate the acute coronary syndromes 
because, for the most part, the individual case data in the literature do not provide 
sufficient detail. Therefore, in most cases, the specific acute coronary syndromes 
will not be discussed separately. Furthermore, based on the available literature, it 
is difficult to distinguish drugs based on whether they cause myocardial ischemia or 
infarction. 


CAUSATIVE AGENTS 





Drugs reported to cause angina pectoris, myocardial ischemia, an acute coronary 
syndrome, or all three are listed in Table 23-1.°*° Drug-induced myocardial 
ischemia or acute coronary syndrome can occur in association with short-term drug 
administration or during long-term therapy. Because of the temporal nature of case 
reporting of these drug-induced diseases, in most cases the chapter will review 
drugs that cause myocardial ischemia or infarction acutely. In some cases, larger 
and longer-term clinical trials or epidemiologic evidence support a relationship 
between the development of myocardial ischemia or infarction and long-term 
administration of a drug. Chronic use of drugs such as cocaine, oral contraceptives, 
nicotine, rosiglitazone, protease inhibitors, selective cyclooxygenase-2 (COX-2) 
inhibitors and nonselective nonsteroidal anti-inflammatory drugs (NSAIDs), and 
others may facilitate or increase the risk of atherosclerotic coronary artery disease 
and associated myocardial ischemia and infarction. This phenomenon may be 
thought of as analogous to other factors that increase the risk of coronary artery 
disease (such as hypertension, diabetes mellitus, obesity, and others). This subject 
area has received considerable attention from the media, patients, and regulatory 
agencies because of studies suggesting an increased risk of cardiovascular disease 
associated with selective COX-2 inhibitors and nonselective NSAIDs. ’°!8-?22746 
Finally, drugs may cause myocardial ischemia or acute coronary syndrome if 
therapy is abruptly discontinued. 


Table 23-1 Agents Implicated in Drug-Induced Myocardial 


Ischemia and/or Acute Coronary Syndromes 


Incidence/Index of | Level of 
Evidence* 

















Therapeutic Area (drug class, 
drugs) 





Drug Discontinuatio n> 16 


Argatroban, aspirin, B-blockers, clonidine, clopidogrel, 
heparin, nitroglycerin 


853 


Analgesics /!7-28 


NSAIDs 


Selective COX-2 inhibitors (rofecoxib, celecoxib, 
valdecoxib) 


Nonselective NSAIDs (diclofenac, ibuprofen) 


Opioids (methadone, dihydrocodeine, morphine) 

Others (ketamine, gold sodium thiomalate, nefopam, 
penicillamine) 

Anestheties~?">2 


Benzocaine, enflurane, isoflurane, mepivacaine, 
sevoflurane, propofol 


Anticancer/Cancer-Associated Age nts>>"112 


5-fluorouracil, bleomycin, capecitabine, carboplatin, 


carmustine, cisplatin, cyclophosphamide, epirubicin, 


etoposide, gemcitabine, hydroxyurea, floxuridine, 
flutamide, L-asparaginase, lapatinib, ixabepilone, 
methotrexate, paclitaxel, sorafenib, vinblastine, 
vincristine, vinorelbine 


Antidepressants 17,113-123 


Selective serotonin reuptake inhibitors (fluvoxamine, 
fluoxetine, sertraline, venlafaxine) 


Tricyclic antidepressants 


Others (bupropion, doxepin, maprotiline, trazodone, 
phenelzine) 


Anti-Hiv!24131 


Abacavir, didanosine 


Protease inhibitors 


Anti-Infe ctives 17,132-139 


Amoxicillin, amphotericin, azithromycin, cinoxacin, 
clarithromycin, co-trimoxazole, fluconazole, 
ketoconazole, mefloquine, mesalamine, 
metronidazole, nitrofurantoin, norfloxacin, penicillin 
G, roxithromycin 


Antipsychotics !7:129,140,141 


Highly variable, dependent on |A,B,C 
drug and drug dose 

Celecoxib: RR 1.86, 95% CI 
1.33-2.54 

Ibuprofen: RR 1.51, 95% CI 
0.96-2.37 

Diclofenac: RR 1.63, 95% CI 
1.12—2.37 

NK 

NK 

. 

| 

| 


Abacavir: RR 1.89, 95% CI 
1.47-2.45 


Didanosine: RR 1.49, 95% CI 
1.14-1.95 


Protease inhibitors: RR 1.16, 
95% CI 1.10—1.23 


| 
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Clozapine 
Antimigraine 17,142-176 NK C 
Dihydroergotamine, ergonovine, ergotamine, 

methylergonovine, methylergometrine, methysergide, 

sumatriptan, zolmitriptan 


Blood Modifiers !/!77-!8! NK C 
Coagulation factor VHA, darbepoetin, erythropoietin, 

factor VIII inhibitor/prothrombin complex 

concentrates, tranexamic acid 


Cardiovascular Drugs 


Calcium-channel blockers! 7+!82-207 (diltiazem, 
lacidipine, felodipine, isradipine, nifedipine, 
nisoldipine, verapamil) 


ACE inhibitors ! 7.298.209 (captopril, enalapril, lisinopril, 

perindopril) 
B-adrenergic blockers 17,198,201,210-213 (ophthalmic 
and systemic) 


Stress testing agents/B-adrenergic receptor 


agonists” 14-237 (adenosine, arbutamine, atropine, 
dipyridamole, dopexamine, dobutamine, milrinone) 


Other cardiovascular drugs! 7.23 8-244 (alfuzosin, 
diazoxide, disopyramide, diuretics, encainide, 
fenoldopam, hydralazine, levosimendan, minoxidil, 
nitroprusside, prazosin, propafenone, sublingual 
isosorbide dinitrate) 

Hormones/Hormone Modifying Agents 17,139,245- 

289 


Female sex hormones (oral contraceptives, estrogens) | 0- to 5-fold increase in risk (the 
risk is highly variable, dose 
and drug specific) 


Other hormones (desmopressin, leuprolide, megestrol | NK 
acetate, oxytocin, oral corticosteroids, prostaglandin 
F> [dinoprost], prostaglandin E> [sulprostone], 


tamoxifen, testosterone, thyroid hormone, 
vasopressin) 





Illicit Drugs !726,142,290-359 


Amphetamines (methamphetamine, NK C 
dextroamphetamine, 3,4-methylene- 
dioxymethamphetamine, dexfenfluramine) 


Cocaine MI: 0.7-6% A,B,C 
Chest pain: 39.4% 
NK C 
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Others (anabolic steroids, butane inhalation, glue 
sniffing, LSD, marijuana, heroin, cannabinoids, 
toluene inhalation) 


Immune Modulators2°0-3 
Interferon (alpha-2b), interleukins (alpha-2 and alpha- 
4), IVIG, smallpox vaccine, rituximab 


Sympathomimeties !7:116,316,328,365-395 


Albuterol, ephedra, ephedrine, epmephrine, formoterol, 
isoproterenol, methylphenidate, pseudoephedrine, 
phenylephrine, phenylpropanolamine, salbutamol, 
salmeterol, sibutramine, terbutaline 


Other?®124-126,139,142,350,396-462 NK 


Acetylcholine, allopurinol, azaribine, betamethasone, Rosiglitazone: OR 1.43, 95% CI 
beclomethasone, bromocriptine, caffeine, capsaicin, 1.03—1.98 
cetirizine, cimetidine, cisapride, domperidone, 
dolasetron, ethanol, iloprost, ioversol, 
metoclopramide, lithium, nicotine, ondansetron, 
rosiglitazone, sildenafil, terfenadine, theophylline, 
tegaserod, varenicline 





ACE = angiotensin-converting enzyme, CI = confidence interval, COX = cyclooxygenase, HIV = human 
immunodeficiency virus, [VIG = intravenous immunoglobulin, LSD = lysergic acid diethylamide, MI = 
myocardial infarction, NSAID = nonsteroidal anti-inflammatory drug, NK = not known, OR = odds ratio, RR = 
relative risk. 

aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Data regarding drugs that may cause myocardial ischemia or infarction were 
summarized in a paper describing 20 years of reports (1975-1994) to a 
Netherlands national center for adverse drug reporting.!’ During this period, 
19,141 adverse drug reactions were reported, of which 220 described likely cases 
of drug-induced chest pain or MI. The article describes 183 cases for which 
sufficient data were provided to evaluate the cases and adjudicate the findings. 
Data obtained from spontaneous reporting systems such as that in this article or 
from reports to the U.S. Food and Drug Administration (FDA) must be interpreted 
cautiously, as they typically suffer from both underreporting and/or selective 
reporting. Of particular note in this article is the absence of several classes of 
drugs or drug classes that are well known to cause myocardial ischemia or 
infarction, specifically cocaine and cytotoxic drugs. In addition, the underlying 
diseases of those patients for which adverse drug reactions were reported are not 
described. 


Two recent papers have attempted to determine those at risk for drug-induced 
acute coronary syndromes and/or myocardial ischemia using two different methods. 
The first study used computer-based modeling to make predictions regarding 


856 


protein targets that may be associated with the development of drug-induced MI.4@ 
The second utilized electronic health record databases in three countries— 
Denmark, Italy, and the Netherlands—to identify potential drugs that may cause 
drug-induced MI. The approach in this paper was to first detect potential drug- 
induced MI and then to identify whether the identified potential offending agent had 
been reported to cause this in the past. Based on available data, the authors then 
addressed the biological plausibility.'°? Initially, 163 drugs were identified as 
being associated with increased risk of MI. After eliminating drugs due to bias and 
lack of biological plausibility, only nine “prime suspects” were identified: 
azithromycin, erythromycin, roxithromycin, metoclopramide,  cisapride, 
domperidone, betamethasone, fluconazole, and megestrol acetate (Table 23-1). 


EPIDEMIOLOGY 


The incidence of drug-induced myocardial ischemia and acute coronary syndromes 
in the general population is unknown and, with the exception of a small number of 
drugs, nearly impossible to determine. Nonetheless, drug-induced acute coronary 
syndrome and myocardial ischemia are not trivial. Both chest pain and MI were 
among the most common adverse events with serious outcomes reported to the 
FDA’s voluntary reporting system between 1969 and 2002.*° Although these 
reporting systems are flawed for the reasons discussed previously, they 
nevertheless suggest that drug-induced myocardial ischemia and acute coronary 
syndromes are a common and important problem. Due to the nature of these reports, 
the underlying conditions of the patients cannot be determined. 


With the exception of certain groups (e.g., cocaine users, patients with chronic 
coronary artery disease, or those at high risk for coronary events) the incidence of 
drug-induced acute coronary syndromes and myocardial ischemia is likely low. 
However, several drugs/drug classes, including cocaine, oral 
contraceptives/hormone-replacement therapy, cytotoxic agents, ergot alkaloids, and 
triptans, may cause myocardial ischemia or acute coronary syndromes in 
individuals who do not have clinically evident cardiovascular disease.**> To put 
into perspective the difficulty of determining the incidence of drug-induced 
myocardial ischemia and acute coronary syndromes, it is helpful to review the 
epidemiology of myocardial ischemia and acute coronary syndromes associated 
with cocaine and oral contraceptives, the drugs for which the most data are 
available. The risk of cocaine-induced MI is estimated to be 24—31 times greater 
than the baseline risk during the first hour after cocaine exposure.*!?°7°-74 The 
reported lifetime risk of acute MI in chronic cocaine users is six to seven times 
greater than that in nonusers. In view of the fact that 25 million Americans have 
used cocaine at least once in their lifetime, cocaine-induced myocardial 
ischemia/infarction has the potential to be a major public health problem. In 2011, 
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505,224 emergency department visits were cocaine-related.*° Estimates suggest 
that as many as 40% of these emergency department visits included patients with 
chest discomfort. In patients whose urine is tested, cocaine or cocaine metabolites 
are detectable in 14-25% and 7% of those presenting to the emergency department 
with nontraumatic chest pain in urban and suburban hospitals, respectively. 
Although these data do not provide the actual incidence of chest pain or acute 
coronary syndrome associated with cocaine, they do provide some alarming 
information regarding the epidemiology and potential impact of this drug-induced 
disease.?!9>79.522,324 The actual incidence of cocaine-induced MI among patients 
who present to the emergency department with cocaine-induced chest pain is highly 
variable, but ranges between 0.7% and 6%.467-4 

Soon after oral contraceptives became available in the early 1960s, the first 
case report of MI associated with these drugs was published.*”> Since then, 
controversy regarding the potential for myocardial ischemia/infarction induced by 
oral contraceptives and other female hormones has lingered. Because exogenous 
female hormones (i.e., oral contraceptives and hormone-replacement therapy) are 
used by millions of women worldwide, the importance of the potential for 
myocardial ischemia or acute coronary syndromes associated with these agents 1s 
clear. Usually, oral contraceptives are taken by otherwise healthy young women 
with a low background risk of coronary artery disease and resulting myocardial 
ischemia or acute coronary syndromes. Numerous studies have been conducted to 
determine the risk of an acute coronary syndrome or other coronary event 
associated with oral contraceptive drugs, but the risk remains poorly defined. 
Depending on the study, type and dose of oral contraceptive used, and population 
studied, the degree of increased risk of myocardial ischemia/infarction associated 
with oral contraceptives varies widely, from no increased risk to a fivefold higher 
risk.28°473 The hazard increases in women who smoke, have hypertension, diabetes, 
dyslipidemia, or are over the age of 35 years.?°°*/3 The effect of hormone- 
replacement therapy on the risk of coronary events is more strongly established. 
Numerous studies have called into question the safety of hormone-replacement 
therapy for reducing the risk of primary or secondary coronary events.*’+*”> In 
January 2003, the FDA approved new labeling for all estrogen and 
estrogen/progesterone products, highlighting “the increased risk for heart disease, 
heart attacks” and that “these products are not approved for heart disease 
prevention.’”476 


Selective COX-2 inhibitors were introduced into the U.S. market in the late 
1990s, with the potential to revolutionize the manner in which pain and 
inflammatory disorders were managed. However, several randomized active and 
placebo-controlled trials, observational studies, and meta-analyses have raised 
concerns that the selective COX-2 inhibitors and nonselective NSAIDs may 


increase the risk of MI.”!®4° Prospective well-designed studies comparing the 
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effects of COX-2 inhibitors to those of other NSAIDs are not available, although 
until recently it was thought that nonselective NSAIDs did not increase 
cardiovascular risk. These trials have limitations, but it seems clear that there is an 
increase in risk associated with both selective and nonselective NSAIDs and that 
the risk is variable within each group of agents. The data suggest that the 
cardiovascular risk is highest with rofecoxib, followed by celecoxib and 
diclofenac, followed by naproxen and ibuprofen. Whether this is due to decreasing 
COX-2 selectivity from rofecoxib to ibuprofen is a topic of considerable debate.” 


Two of the selective COX-2 inhibitors, rofecoxib and valdecoxib, were 
withdrawn voluntarily from the worldwide market in 2004 and 2005, respectively. 
“Black box” warnings for the remaining selective COX-2 inhibitor, celecoxib, and 
all other NSAIDs except aspirin were added to package inserts in 2006, stating: 
“NSAIDs may cause an increased risk of serious cardiovascular thrombotic events, 
MI, and stroke, which can be fatal. This risk may increase with duration of use. 
Patients with cardiovascular disease or risk factors for cardiovascular disease may 
be at greater risk.” At the very least, these warnings should cause healthcare 
professionals to question the routine use of these agents in patients with 
cardiovascular disease. In 2013, the European Medicines Agency (EMA) further 
warned that diclofenac is associated with the same risk as the COX-2 selective 
inhibitors.*’’ This warning was rendered in part due to the publication of a meta- 
analysis suggesting that COX-2 inhibitors and diclofenac increased vascular risk 
significantly, whereas ibuprofen and naproxen did not.*’* Subsequent papers 
suggest that this risk is increased regardless of the amount of time that has passed 
following an MI. Finally, a recent Danish registry study suggests that in post-MI 
patients receiving antithrombotic therapy, the risk of MI is independent of the type 
or duration of NSAID therapy.*”” In 2015, the EMA further warned that high-dose 
ibuprofen (>2,400 mg/day) was associated with a small increase in cardiovascular 
risk.*®° A scientific statement from the American Heart Association (AHA) with 
recommendations for the clinical use of these agents as well as numerous reviews 
and editorials expressing caution regarding the use of these drugs in patients with 
cardiovascular disease have been published.4/*4/948!484 Further research is 
needed in this area, but in the interim, cautious use of all NSAIDs is necessary, and 
the drugs should be used only in patients who understand the risk. 


Two thiazolidinedione drugs, rosiglitazone and pioglitazone, are available for 
use in the United States for treating type 2 diabetes mellitus. Numerous meta- 
analyses and observational studies have reported an association between 
rosiglitazone and an increased risk of MI.*°° A randomized controlled trial 
designed to further investigate this association was not helpful in answering the 
important question due to design limitations. As a result of the increased risk of MI 
suggested by these studies, the FDA issued new prescribing information regarding 
the potential risk of rosiglitazone-associated myocardial ischemia, particularly in 
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patients taking concomitant nitrate therapy, and instituted a highly restrictive 
prescribing program in 2010.**°48° In 2011, the EMA went further and suspended 
the sale of rosiglitazone. The concerns have led to a scientific statement from the 
AHA/American College of Cardiology Foundation (ACCF) with recommendations 
for the clinical use of these agents.**° Restrictions to the use of rosiglitazone were 
eased in 2013 based on an FDA advisory panel’s recommendations. The FDA’s 
action has met with conflicting opinions regarding the safety and appropriate use of 
rosiglitazone.*°° The majority of published studies do not suggest an increased risk 
of ischemic events associated with pioglitazone, and no black box warning is 
mandated for that drug. 


The association between testosterone therapy and the risk of cardiovascular 
outcomes has been the focus of study recently, fueled by the marked increase in the 
use of testosterone therapy in men with low serum testosterone concentrations.*8” 
489 In response to several studies in which an association of increased 
cardiovascular risk was observed, the FDA issued warnings regarding the use of 
these products and concluded that despite conflicting and inconclusive evidence, 
there is the possibility that the testosterone increases cardiovascular risk. These 
studies were followed by intense media coverage and comment. The FDA 
mandated the addition of warnings regarding the possibility for increased risk of 
MI and stroke in patients taking these agents. The Endocrine Society issued a 
statement suggesting that, until randomized trials are available, patients should be 
aware of the potential increase in risk, and prescribers should use these agents in 
accordance with established treatment guidelines.4°? To date there are no large, 
long-term, randomized, placebo-controlled trials to provide definitive conclusions 
regarding testosterone therapy and cardiovascular risk. However, numerous smaller 
studies and a large meta-analysis argue that there is no increase in cardiovascular 
risk.4°! A published comprehensive literature review that assessed the available 
evidence concluded that there is no convincing relationship between testosterone 
therapy (for the treatment of low testosterone concentrations) and enhanced 
cardiovascular risk.*”! 


MECHANISMS 


Mechanisms of drug-induced myocardial ischemia and/or acute coronary 
syndromes are listed in Table 23-2. 


DRUG-INDUCED MYOCARDIAL ISCHEMIA 


Myocardial ischemia results from an imbalance in coronary blood flow, 
myocardial oxygen supply, and the metabolic needs of the myocardium (myocardial 
oxygen demand). Myocardial ischemia occurs when myocardial oxygen demand 
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exceeds myocardial oxygen supply. The three major determinants of myocardial 
oxygen demand are heart rate, contractility, and left ventricular systolic wall 
tension.*”* Heart rate is the easiest of these factors to assess clinically; an increase 
in heart rate leads to increased myocardial oxygen demand. Myocardial 
contractility is reflected by the rate of rise in the intraventricular pressure during 
isovolumetric contraction and is influenced by a number of variables, including the 
autonomic nervous system, heart rate, blood calcium concentration, and body 
temperature. The third determinant, systolic wall tension, is directly related to 
ventricular systolic pressure and ventricular wall radius and is inversely related to 
wall thickness. Preload and afterload are important determinants of these 
components. Reducing systolic blood pressure reduces afterload, which ultimately 
decreases myocardial oxygen demand. A drug may cause myocardial ischemia 
simply by modifying any one of these factors. For example, drugs that increase 
heart rate, either directly (e.g, cocaine, p-adrenergic receptor agonists, abrupt 
discontinuation of B-blockers) or indirectly by reflex mechanisms (e.g., potent 
vasodilators such as nifedipine, minoxidil, and hydralazine) may induce myocardial 
ischemia. Similarly, drugs that increase systolic blood pressure (e.g., cocaine, 
phenylephrine) may also induce myocardial ischemia. Clinicians should be aware 
of drugs that modify any of these factors, as they may cause myocardial ischemia. 





Table 23-2 Mechanisms of Drug-Induced Myocardial Ischemia 
and/or Acute Coronary Syndrome 


Examples (This is a partial list of 
examples only; for most drugs the 
Drug-Induced Disease and mechanism of increased risk is 
Mechanism not known.) 
Drug-Induced Myocardial Ischemia 
Increased myocardial oxygen demand 


Increased heart rate Directly: Cocaine, adrenergic B-agonists, 
sympathomimetics, abrupt discontinuation of B- 
blockers 

Indirectly: Potent vasodilators (nifedipine, minoxidil, 
hydralazine) 


Increased myocardial contractility Directly: Cocaine, adrenergic B-agonists, 
sympathomimetics, abrupt discontinuation of B- 
blockers 


Indirectly: Potent vasodilators (nifedipine, minoxidil, 
hydralazine, etc.) 


Increased left-ventricular systolic wall tension Increased Preload: NSAIDs 
(increased preload or increased afterload) 
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Increased Afterload: Drugs that increase blood 
pressure (cocaine, phenylephrine, amphetamines, 
etc.) 


Decreased myocardial oxygen supply (temporary, 
nontotal occlusion) 

Cocaine, phenylephrine, amphetamines, anti-migraine 
agents (ergot alkaloids, triptans) 


o Increased coronary vascular resistance 
(vasospasm, thrombosis) 
o Decreased coronary diastolic perfusion pressure | Enalapril, nifedipine, minoxidil, hydralazine, 


nitroprusside, adenosine, dipyridamole 


Decreased oxygen carrying capacity 





Drug-Induced Acute Coronary Syndrome 


Acute coronary syndrome associated with acute 
drug therapy 


Coronary artery thrombosis, superimposed on a Cocaine, oral contraceptives, estrogens, COX-2 
damaged atherosclerotic plaque inhibitors, NSAIDs 
Coronary artery vasospasm (with or without a Cocaine, antimigraine agents (ergot alkaloids, triptans) 


superimposed coronary artery thrombosis) 


Acute coronary syndrome associated with chronic | Cocaine, estrogens, COX-2 inhibitors, NSAIDs, anti- 
drug therapy (drugs that increase cardiovascular| HIV agents/protease inhibitors, oral contraceptives, 
risk) rosiglitazone 


COX = cyclooxygenase, HIV = human immunodeficiency virus, NSAID = nonsteroidal anti-inflammatory drug. 


Myocardial oxygen supply is determined by coronary blood flow and the 
oxygen-carrying capacity of blood.*”* The most important of these determinants 
clinically is coronary blood flow. Normally, the arteriolar resistance vessels are 
the most important regulators of coronary blood flow, whereas large epicardial 
vessels are low-resistance vessels. Complex factors that determine coronary blood 
flow include duration of diastole and coronary vascular resistance. Coronary 
vascular resistance is determined by metabolic control, autoregulation, 
extravascular compressive forces, and humoral and neural factors. Drug therapy 
may reduce myocardial oxygen supply by influencing any of these determinants. 
Agents that cause thrombosis or vasospasm of large coronary epicardial vessels 
may reduce myocardial oxygen supply. However, drugs that cause microvascular 
changes should also be considered. Unfortunately, these changes are more difficult 
to assess clinically. Finally, oxygen-carrying capacity can be affected by conditions 
such as anemia. 


There are several examples of drugs that may precipitate ischemia by 
decreasing myocardial oxygen supply. Cocaine causes myocardial ischemia not 
only via increases in heart rate and blood pressure but also via coronary 
vasoconstriction, which is mediated by cocaine-induced blockade of 
norepinephrine reuptake, leading to increased plasma norepinephrine 
concentrations and enhanced a.,-adrenoceptor-mediated 
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vasoconstriction.*!?»7?7329 Some data also suggest that cocaine increases plasma 
concentrations of endothelin-1, a powerful vasoconstrictor that contributes to 
coronary vasospasm.*”> Each of these mechanisms contributes to cocaine-induced 
coronary artery vasospasm. The ergot alkaloids and associated derivatives are 
widely known to cause coronary vasoconstriction, the mechanism of which is 
simply an extension of the drug’s therapeutic effect, cerebral vasoconstriction. 
Triptans, which are also used for the treatment of migraines, are contraindicated in 
patients with coronary artery disease. Like ergot alkaloids, the purported 
mechanism of increased myocardial ischemia associated with triptans is coronary 
artery vasoconstriction or vasospasm or both; in the case of triptans, this is 
mediated by agonism of 5-hydroxytriptophan receptors. 


Drugs may reduce myocardial oxygen supply through aggressive reduction of 
blood pressure via arterial vasodilation, leading to reductions in diastolic 
perfusion pressure and coronary blood flow. Patients with existing coronary 
atherosclerosis are particularly at risk for drug-induced myocardial ischemia via 
this mechanism. Any drug that reduces blood pressure, especially potent 
vasodilators, may cause myocardial ischemia or an acute coronary syndrome. An 
observational study suggested that the short-acting dihydropyridine calcium-channel 
blocker nifedipine may increase the risk of ischemic events and MI in patients with 
coronary artery disease, likely through this mechanism.!*°?™ This study was highly 
controversial and led to debate for many years. Although the debate was 
contentious in many ways, there was general agreement that short-acting 
dihydropyridine calcium-channel blocking agents such as the immediate-release 
formulations of nifedipine or nicardipine should be avoided in patients with 
coronary artery disease.'*’ Whether or not these restrictions should be applied to 
all calci1um-channel blockers remains a topic of debate. Another drug believed to 
increase the risk of acute MI by reducing coronary perfusion pressure is enalapril. 
In a landmark clinical trial, the Cooperative North Scandinavian Enalapril Survival 
Study-II, early intravenous administration of enalaprilat followed by oral enalapril 
therapy was not associated with a reduction in the incidence of mortality.4?? One 
postulated mechanism for this lack of benefit was early drug-induced hypotension 
resulting in reduced coronary perfusion pressure. Reduction in coronary perfusion 
pressures during the acute phase of an MI may lead to larger areas of 
subendocardial tissue damage. An additional example of this phenomenon is the 
concomitant use of phosphodiesterase-5 inhibitors, such as sildenafil, with nitrates, 
the combination of which may cause marked hypotension leading to reduced 
myocardial oxygen supply and consequent myocardial ischemia or infarction.*™ 
The combined use of these drug classes is discouraged by the manufacturers, 
national organizations, and government regulators. 


An alternative to exercise stress testing as a means to functionally evaluate the 
clinical and cardiovascular responses is pharmacologic stress testing. These tests 
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provide some prognostic and diagnostic information about the underlying coronary 
artery disease. Two types of drugs are used: coronary artery vasodilators 
(adenosine and dipyridamole) and agents that increase cardiac work (dobutamine 
and arbutamine). Unlike agents that increase cardiac work, adenosine and 
dipyridamole do not cause ischemia by increasing myocardial oxygen demand. 
Rather, these coronary artery vasodilators may cause myocardial ischemia by 
preferentially dilating normal coronary arteries versus diseased vessels. This 
“steals” blood flow away from diseased segments (frequently referred to as 
coronary steal). These drugs are used in a controlled setting and frequently cause 
myocardial ischemia, but MI induced by these drugs is uncommon. 


DRUG-INDUCED ACUTE CORONARY SYNDROMES 


The mechanism by which a drug can induce an acute coronary syndrome may be 
thought of in two different, yet complementary, pathways, related to the temporal 
nature of the event. First, acute drug therapy may cause an acute coronary 
syndrome. Second, drugs may increase the risk of an acute coronary syndrome with 
continued, long-term exposure, as a result of the drug increasing the underlying 
degree of cardiovascular risk. Certain drugs may increase both the acute and 
chronic risk. The following discussion addresses each of these situations. 


ACUTE CORONARY SYNDROME ASSOCIATED WITH 
SHORT-TERM DRUG THERAPY 


Classically, the pathogenesis of an acute coronary syndrome is an occlusion of an 
epicardial coronary artery caused by a coronary artery thrombosis superimposed 
on a ruptured atherosclerotic plaque.4?> Less commonly, an acute coronary 
syndrome may occur despite an absence of clinically significant coronary 
atherosclerosis and is caused by coronary artery vasospasm with or without a 
superimposed coronary artery thrombosis.*?> Even though this mechanism is 
believed to be less common, in one study, 31 prescription, nonprescription, and 
illicit drugs and approximately 100 cases were associated with drug-induced acute 
coronary syndrome caused by coronary artery spasm in teenagers and young 
adults.!4* The acute induction of a drug-induced acute coronary syndrome may 
occur 1n association with either of the above-described situations. In either case, 
for drug-induced MI to occur, coronary blood flow must be occluded for a 
sufficient amount of time to result in necrosis of myocardial tissue. Thus, a drug- 
induced acute coronary syndrome could result from drug-induced coronary 
vasospasm (e.g., cocaine) or drug-induced coronary artery thrombosis (e.g., 
estrogens, cocaine, COX-2 inhibitors). For example, in theory, selective COX-2 
inhibitors, which do not inhibit COX-1 and therefore do not decrease plasma 
concentrations of platelet-derived thromboxane, may exert different influences on 
the occurrence of cardiovascular events than other nonselective NSAIDs such as 
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aspirin or naproxen. Inhibition of COX-2 is believed to suppress the endothelial 
production of prostacyclin, while leaving the production of thromboxane A2, 
mediated by COX-1, relatively unaffected. This may lead to vasoconstriction, 


platelet aggregation, thrombosis, and ultimately an acute coronary syndrome.?”72 


ACUTE CORONARY SYNDROME ASSOCIATED WITH 
LONG-TERM DRUG THERAP Y/INCREASED 
CARDIOVASCULAR RISK 


Drugs may also increase the risk of development of coronary artery disease by 
accelerating the natural course of pathogenesis of atherosclerosis. The following 
have been identified as modifiable risk factors by the AHA: cigarette smoking, 
elevated plasma low-density lipoprotein cholesterol concentrations, reduced 
plasma high-density lipoprotein cholesterol concentrations, hypertension, obesity, 
and diabetes.4°°4°’ Thus, any drug that alters these risk factors in a negative way 
has the potential to increase the risk of a coronary event. Examples of drugs that 
have been shown to accelerate the development of coronary atherosclerosis include 
protease inhibitors (via induction of dyslipidemia) and cocaine. Postmortem 
studies of cocaine abusers have shown that cocaine accelerates the development of 
atherosclerosis by causing structural changes in the endothelial membrane, resulting 
in increased permeability to low-density lipoproteins. In addition, cocaine has been 
shown to enhance white-cell migration and increase the expression of adhesion 
molecules in the endothelium.*”* Other examples of drug-associated acceleration of 
coronary atherosclerosis include oral contraceptives, COX-2 inhibitors, and 
rosiglitazone. Finally, there is evidence that statins may increase the risk for 
development of type 2 diabetes, although there is no evidence that this translates 
into an increase in the risk of MI.4°°4” 


DRUG DISCONTINUATION 


Several drugs are known to cause myocardial ischemia or acute coronary 
syndromes when therapy is abruptly discontinued, in most cases in patients who 
have underlying coronary artery disease (Table 23-1). There are several 
mechanisms by which this may occur. For example, abrupt discontinuation of B- 
blockers may lead to increased myocardial oxygen demand secondary to B- 
adrenoceptor upregulation and hypersensitivity to catecholamine stimulation. 
Following the short-term treatment of an acute coronary syndrome, discontinuation 
of heparin and aspirin leads to an increase in adverse cardiovascular events. !4 
These events seem to “cluster” early (~10 hours) after discontinuation and have 
been attributed to rethrombosis in coronary arteries. Maintenance of aspirin therapy 
has been proposed as a means of reducing the risk of this phenomenon. Additional 
data have suggested that discontinuation of clopidogrel therapy may result in an 
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increased risk of death or recurrent acute coronary syndrome.° In that study, the 
incidence of death and recurrent MI was higher during the first 90 days following 
clopidogrel discontinuation in patients with acute coronary syndromes who were 
treated medically or with intervention. The theoretical mechanism of this increased 
risk is platelet activation and increased thrombotic risk immediately upon 
discontinuation of therapy.°”’ This has led to considerable research regarding the 
appropriate duration of dual antiplatelet therapy.° Some suggest that the risk of MI 
upon discontinuation of antiplatelet therapy is only increased in the presence of 
elevated thrombotic risk. Decisions regarding discontinuation of dual antiplatelet 
therapy are challenging, particularly in those individuals who require surgery and 
those with elevated thrombotic risk.°”° Finally, there is some evidence, although 
conflicting, that abrupt discontinuation of statins may increase the risk of 
cardiovascular events.!° Further research in this area is required. 


In summary, there are numerous mechanisms by which drugs may cause 
myocardial ischemia or acute coronary syndromes. Cocaine is an example of a drug 
that may cause this disease by multiple mechanisms, including increased 
myocardial oxygen demand (increased heart rate, contractility, blood pressure, and 
development of left ventricular hypertrophy), decreased myocardial oxygen supply 
(platelet aggregation and thrombus formation, coronary artery vasoconstriction), 
and enhanced development of coronary artery disease (premature atherosclerosis). 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


DRUG-INDUCED MYOCARDIAL ISCHEMIA 


The clinical presentation of a patient with drug-induced myocardial ischemia is 
similar to that of any patient with angina or ischemia associated with 
atherosclerotic coronary artery disease. The most apparent difference is that drug- 
induced myocardial ischemia may occur in individuals who do not have, or who 
are not at risk for, coronary artery disease. For example, it is unusual for a young 
individual to present with symptoms consistent with myocardial ischemia. 
Pharmacists and other healthcare professionals must be aware of drugs, both licit 
and illicit, that may precipitate angina or an acute coronary syndrome and evaluate 
the causality in appropriate patients. 


Typical signs and symptoms associated with angina pectoris are summarized in 
Table 23-3. Briefly, angina typically presents as substernal, retrosternal, or 
transsternal discomfort that radiates, usually, to the neck and left arm. The 
discomfort is usually characterized by a dull sensation, rather than a sharp or 
stabbing pain, and patients may describe it as a strangling or constricting sensation. 
Patients often use the following words to describe the discomfort: pressure, 
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heaviness, fullness, squeezing, burning, aching, gas, vise-like, or anxiety. Anginal 
discomfort usually has a gradual onset and lasts only a few minutes if the 
precipitating factor is removed. In addition, relief is usually afforded by rest, 
sublingual nitroglycerin, or both. Longer durations of angina may imply severe 
myocardial ischemia, coronary vasospasm, unstable angina, or impending or 
ongoing MI. 


Table 23-3 Clinical Presentation and Signs and Symptoms of 


Chest Pain Associated with Myocardial Ischemia 





Quality 

* Sensation of pressure or heavy weight on the chest 

* Burning sensation in chest 

* Chest tightness 

¢ Shortness of breath with feeling of constriction about the larynx or upper trachea 
* Visceral pain quality (deep, heavy, squeezing, aching) 

* Gradual increase in intensity followed by gradual fading away 


Location 


* Over the sternum or very near the sternum 

¢ Anywhere between epigastrum and pharynx 

* Occasionally limited to left shoulder and left arm; rarely limited to right arm 
¢ Limited to lower jaw 

¢ Lower cervical or upper thoracic spine 

¢ Left interscapular or suprascapular area 


Precipitating factors 


* Relationship to exercise 

¢ Effort that involves use of arms above the head 

¢ Weather factors (cold, warm and humid); walking against wind 
* Large meal 

¢ Emotional factors involved with exercise, fright, and/or anger 

* Coitus 

¢ Drugs 


Nitroglycerin relief 
* Relief of pain 


Radiation 


¢ Left arm and shoulder 
° Jaw 
¢ Right arm (occasionally) 


Duration 


¢ 0.5—30 minutes 
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DRUG-INDUCED ACUTE CORONARY SYNDROME 


In most situations, the clinical presentation of a patient with drug-induced acute 
coronary syndrome is similar to that of any patient with nondrug-induced acute 
coronary syndrome. However, there are several exceptions to this generalization. 
Like myocardial ischemia, acute coronary syndromes are relatively unusual in 
young populations (<50 years of age). Approximately 25% of all acute MIs in 
individuals 18-45 years of age have been associated with frequent cocaine use.*”’ 
The typical patient who presents with cocaine-induced acute coronary syndromes 1s 
a relatively young man who smokes cigarettes but does not have any other obvious 
cardiovascular risk factors. Thus, in younger patients without any obvious risk for 
acute coronary syndromes, the use of cocaine or other drugs that are known to be 
associated with drug-induced acute coronary syndromes should be considered. 
However, clinicians must contemplate the possibility of cocaine use in any patient 
who presents with an acute coronary syndrome. Because cocaine accelerates 
cardiovascular risk, it is certainly possible that its use is associated with acute 
coronary syndromes in older patients. Current recommendations suggest that urine 
screening for cocaine metabolites should be employed only in patients who are 
unable to communicate or when other sources of a reliable patient history are 
unavailable.>”4 


As with cocaine, acute coronary syndromes associated with oral contraceptives 
usually occur in younger patients. The typical woman who presents with an acute 
coronary syndrome secondary to oral contraceptive therapy is usually over the age 
of 35 years and smokes cigarettes. The risk increases with age and appears to be 
higher in those with other cardiovascular risk factors, such as diabetes, 
hypertension, and dyslipidemia.?*° 

Acute coronary syndromes classically present as prolonged chest discomfort 
described as oppressive pain, choking, squeezing, or burning that may radiate to the 
neck, throat, jaw, shoulders, or both arms. The discomfort associated with an acute 
coronary syndrome is generally similar in quality and location to anginal pain, 
except that the duration is longer (>30 minutes), it occurs at rest, and is not relieved 
by sublingual nitroglycerin or rest. Patients may present with other symptoms, such 
as nausea, vomiting, diaphoresis, shortness of breath, weakness, lightheadedness, 
or a sense of impending doom. Not all patients present with classic symptoms; 
some present with atypical signs or symptoms, are asymptomatic, or are unable to 
provide a history. The physical examination is not necessarily helpful in 
establishing the diagnosis of an acute coronary syndrome. However, the findings 
are important as a guide to immediate management and as a baseline for future 
comparison. Signs or symptoms of left or right ventricular dysfunction may be 
detected. Patients may present with bradycardia or tachycardia, low-grade fever, 
elevated respiratory rate, and leukocytosis. Most of these findings are nonspecific 
and do not confirm the diagnosis of an acute coronary syndrome.*° The 
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presentation of a drug-induced acute coronary syndrome 1s likely similar to that of 
other causes of acute coronary syndromes, although data are not available, except 
for that associated with cocaine. Patients with cocaine-induced acute coronary 
syndromes experience pressure-like chest discomfort, anxiety, palpitations, 
dizziness, and nausea. Dyspnea and diaphoresis occur in 60% and 40% of patients, 
respectively. However, it has been suggested that fewer than 50% of patients 
actually experience chest pain with cocaine-associated acute coronary syndromes, 
making the diagnosis more difficult.*”4 


The classification and diagnosis of an acute coronary syndrome is based on 
three important features: chest pain, electrocardiographic changes, and serum 
biomarker (troponin) concentrations.!*»°! The diagnostic features of an acute MI 
are provided in Table 23-4. The classification and diagnosis of drug-induced acute 
coronary syndromes is generally performed in the same manner as with those that 
are nondrug-induced. Interested readers are directed to these guidelines for more 
in-depth discussion of the classification and diagnosis of an acute coronary 
syndrome.!*°°! These diagnostic features are likely to help differentiate drug- 
induced myocardial ischemia from drug-induced acute coronary syndromes. 
Conditions to consider in the differential diagnosis of drug-induced acute coronary 
syndromes are presented in Table 23-5. 


RISK FACTORS 


Specific risk factors for drug-induced myocardial ischemia or acute coronary 
syndromes are likely to be similar to those for nondrug-induced myocardial 
ischemia or acute coronary syndromes (Table 23-6). Although it may be difficult to 
predict which specific risk factors are necessary for increasing the risk of this 
disease associated with many of the causative agents, certain risk factors are well 
known to increase the risk of myocardial ischemia or acute coronary syndromes 
associated with cocaine, oral contraceptives, and estrogen-replacement therapy. 
Most patients with cocaine-related chest pain or acute coronary syndromes are 
younger than 50 years of age, nonwhite, male tobacco smokers with no history of 
coronary atherosclerosis. In fact, nearly 50% of patients with cocaine-related chest 
pain or MI do not have evidence of coronary atherosclerosis.*>* Tobacco 
smoking also increases the risk of a coronary event while taking oral 
contraceptives or hormone-replacement therapy.*’? This increase in the risk of a 
coronary event associated with smoking is consistent with the increased risk 
associated with smoking in patients with coronary artery disease or in those at high 
risk for a coronary event. 


MORBIDITY AND MORTALITY 
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Patients with a history of coronary artery disease and ischemic heart disease who 
experience drug-induced chest pain and angina often attribute symptoms to those 
associated with their underlying disease process and may not seek additional 
medical care. However, depending on the severity of the drug-induced myocardial 
ischemia, these individuals may suffer recurrent disease exacerbations requiring 
additional care or alterations in drug regimens. It is likely that this situation occurs 
very commonly, but the cause is attributed to disease-induced ischemia rather than 
to drug-induced myocardial ischemia. 


Table 23-4 Definition of Myocardial Infarction Based on the 


ESC/ACCE/AHA/WHE~2"! Guidelines 


Third Universal Definition of Myocardial Infarction 





The term myocardial infarction should be used when there is evidence of myocardial necrosis in a clinical 

setting consistent with myocardial ischemia. 

Under these conditions any one of the following criteria meets the diagnosis for myocardial infarction: 

1. Detection of rise and/or fall of cardiac biomarkers [cTn] with at least one value above the 99th percentile of 
the URL together with at least one of the following: 
¢ Symptoms of ischemia 
* New/presumed new significant ST-T wave changes or new LBBB on the ECG 
* Development of pathological Q waves on the ECG 
¢ Imaging evidence of new loss of viable myocardium or new regional wall motion abnormality 
* Identification of an intracoronary thrombus 

2. Cardiac death with symptoms suggestive of myocardial ischaemia and presumed new ischaemic ECG 
changes or new LBBB, but death occurred before cardiac biomarkers were obtained, or before cardiac 
biomarker values would be increased. 

3. PCI-related MI is arbitrarily defined by elevation of cTn values (>5 x 99th percentile URL) in patients with 
normal baseline values or a rise of cTn values >20% if the baseline values are elevated and are stable or 
falling. In addition, either (a) symptoms suggestive of myocardial ischemia or (b) new ischemic ECG 
changes or (c) angiographic findings consistent with a procedural complication or (d) imaging demonstration 
of new loss of viable myocardium or new regional wall motion abnormality are required. 

4. Stent thrombosis associated with MI when detected by coronary angiography or autopsy in the setting of 
myocardial ischaemia and with a rise and/or fall of cardiac biomarker values with at least one value above 
the 99th percentile URL. 

5. Coronary artery bypass grafting-related MI is arbitrarily defined by elevation of cardiac biomarker values 
(>10 x 99th percentile URL) in patients with normal baseline cTn values (<99th percentile URL). In 
addition, either (a) new pathological Q waves or new LBBB, or (b) angiographic documented new graft or 
new native coronary artery occlusion, or (c) imaging evidence of new loss of viable myocardium or new 
regional wall motion abnormality. 


ACCF = American College of Cardiology Foundation, AHA = American Heart Association, cTn = cardiac 
troponin, ECG = electrocardiogram, ESC = European Society of Cardiology, LBBB = left bundle branch block, 
MI = myocardial infarction, PCI = percutaneous coronary intervention, URL = upper reference limit, WHF = 
World Heart Foundation. 


Table 23-5 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Myocardial Ischemia and/or Acute Coronary 
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All drugs 


* Nondrug-induced acute coronary syndrome and myocardial ischemia 


Cocaine-induced acute coronary syndrome/myocardial ischemia 


* Aortic dissection 
* Pulmonary hypertension 
¢ Acute pulmonary syndrome (“crack lung’’) 


Table 23-6 Risk Factors for Drug-Induced Myocardial Ischemia 


and/or Acute Coronary Syndrome 





All drug-induced acute coronary syndrome/myocardial ischemia 


* Pre-existing coronary artery disease 


Cocaine-induced acute coronary syndrome/myocardial ischemia 


Smoking/tobacco use 
* Ethanol use 


Oral contraceptive-induced acute coronary syndrome 


* Age >35 years 

* High-dose estrogen 
Smoking/tobacco use 

¢ Hypertension 

* Diabetes 

* Dyslipidemia 


On the other hand, most patients in whom persistent chest pain develops with no 
history of coronary artery disease and those in whom a drug-induced acute 
coronary syndrome occurs seek medical attention, whether or not they have 
underlying coronary artery disease. Many of these patients require hospitalization 
and urgent treatment. Drug-induced acute coronary syndromes, like those that are 
nondrug-induced, may increase the risk of sudden death or death related to 
associated complications, including the development of left ventricular dysfunction, 
ventricular arrhythmias, or both. 


There are considerable data describing the mortality associated with nondrug- 
induced acute coronary syndromes, and the statistics are alarming. Annual mortality 
rates for patients who experience a coronary event or MI are 37% and 16%, 
respectively.*”’ Unfortunately, data regarding mortality associated with drug- 
induced chest pain and acute coronary syndromes are sparse, with the exception of 
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those related to cocaine-induced coronary syndromes. The risk of mortality and 
recurrent MI associated with cocaine-induced chest pain is low (1-year risk 
approximately 2% and 1%, respectively).°°? With continued cocaine use, the risk of 
recurrent chest pain is very high. In patients who suffer a cocaine-induced MI, the 
risk of complications is substantially higher. In a study of patients with cocaine- 
induced MI, the risk of cardiac complications, most commonly heart failure and 
arrhythmias, was 38%.**! The majority of complications occurred within the first 
12 hours of hospitalization. Interestingly, no patients died during the hospitalization 
period. In another series, the risk of death associated with continued cocaine use 
was approximately 5%.-™4 


PREVENTION 


Approaches to help prevent drug-induced myocardial ischemia or acute coronary 
syndromes are listed in Table 23-7. Because patients with underlying coronary 
artery disease and those at high risk for the development of coronary artery disease 
are also likely to be at higher risk for the development of drug-induced myocardial 
ischemia or infarction, it is prudent to avoid drugs that may cause myocardial 
ischemia or infarction (Table 23-1) in this population unless treatment is absolutely 
necessary. If a potentially causative agent must be used, extra caution and 
monitoring should be used with these agents in patients at high risk for a coronary 
event (1.e., those with multiple risk factors, such as smoking, dyslipidemia, 
hypertension, diabetes mellitus, or others). In addition, the use of illicit drugs 
known to cause myocardial ischemia or infarction should be discouraged both in 
individuals and as a public health strategy. In patients with a history of coronary 
artery disease, particular attention to increased frequency of angina symptoms 
and/or use of sublingual nitroglycerin is warranted. More aggressive monitoring of 
chronic antianginal medications may be necessary. 








Table 23-7 Approaches to Help Prevent Drug-Induced 





Myocardial Ischemia/Infarction 


* Instruct patients who have a history of coronary artery disease to avoid, if possible, drugs that may cause 
myocardial ischemia or infarction. 

* For patients who have underlying coronary artery disease and a previous history of anginal symptoms, self- 
care of angina symptoms should be the same as if the pain was associated with exertion or some other 
precipitant of an ischemic event. 

* Individuals who do not have a history of coronary artery disease, acute coronary syndrome, or myocardial 
ischemia should be made aware that specific drugs that they are taking may, in unusual circumstances, 
precipitate a coronary event, and patients should be counseled regarding the symptoms that could result. 

* Women >35 years of age should be assessed for cardiovascular risk (hypertension, smoking, diabetes, 
nephropathy and other vascular diseases) prior to initiation of oral contraceptives. 

¢ Avoidance of drug toxicities through public health initiatives that warn about the dangers of illicit drug use. 


S12 


There are no strong recommendations for considering drugs to be absolutely 
contraindicated in patients with known coronary artery disease for the avoidance of 
drug-induced myocardial ischemia and MI, with a few exceptions. The use of 
phosphodiesterase-5 inhibitors in patients receiving long-term nitrate therapy for 
exertional angina (1.e., patients with chronic coronary artery disease and angina) 
has been strongly discouraged by the AHA.*”! This strong statement is necessary 
because of the increased risk of coronary events and death when sildenafil is used 
in combination with short- or long-term nitrate therapy. Ergot alkaloids should also 
be avoided in patients with underlying coronary artery disease. In response to the 
clinical data suggesting an increase in cardiovascular events, NSAIDs have come 
under intense scrutiny. The next section discusses the use of NSAIDs in patients 
with cardiovascular disease. 


In patients without a history of coronary artery disease, strategies for avoidance 
of drug-induced myocardial ischemia or infarction may be less clear. The approach 
in these patients should be increased awareness of drugs that have been associated 
with drug-induced myocardial ischemia or infarction. Unfortunately, no routine 
monitoring or prevention strategies can prevent drug-induced myocardial ischemia 
or infarction in all individuals. Recommendations for avoidance of use in specific 
conditions are available for only a few drugs. Regarding use of oral contraceptives, 
the Centers for Disease Control and Prevention (CDC)uses the following four 
classifications as a means for determining the risk—benefit ratio: 1 = A condition 
for which there is no restriction for the use of the contraceptive method; 2 = A 
condition for which the advantages of using the method generally outweigh the 
theoretical or proven risks; 3 = a condition for which the theoretical or proven 
risks usually outweigh the advantages of using the method; or 4 = a condition that 
represents an unacceptable health risk if the contraceptive method is used.°’ With 
respect to cardiovascular disease, the CDC indicates a rating of 3 or 4 for the 
following conditions: hypertension, multiple risk factors for atherosclerotic 
cardiovascular disease, vascular disease, current and history of ischemic heart 
disease and smoker with age >35 years. Dyslipidemia is rated as a 2 or 3 
depending on the patient situation.*° 


MANAGEMENT 


With the exception of the management of cocaine-induced chest pain and MI, there 
are very few specific data regarding the appropriate therapy for patients with drug- 
induced myocardial ischemia or acute coronary syndromes. Because the risk of the 
development of either disease in an otherwise normal population is very low, the 
consensus guidelines for the treatment of stable angina, unstable angina, or acute MI 
provide limited guidance about drug-induced diseases. More recent focused 
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updates and scientific statements!*~*4 have addressed cocaine-induced disease. 
However, limited information is available regarding other drugs known to cause 
myocardial ischemia or acute coronary syndromes. 


With that introduction, it is most appropriate to consider treatment of three 
general groups: (1) patients with a history of chronic coronary artery disease who 
experience drug-induced ischemia; (2) patients with no history of coronary artery 
disease who experience drug-induced ischemia; and (3) patients with drug-induced 
acute coronary syndromes. In all three cases, it should be obvious that illicit drugs 
that are the cause of any of these drug-induced or drug-exacerbated diseases should 
be discontinued immediately and permanently. 


DRUG-INDUCED MYOCARDIAL ISCHEMIA IN 
PATIENTS WITH CORONARY ARTERY DISEASE 


Standard therapy for nondrug-induced myocardial ischemia secondary to coronary 
artery disease typically includes short-term management, long-term (prophylactic) 
therapy, and risk-factor modification.°°° Acute therapy typically involves the 
administration of sublingual nitrates when an anginal attack occurs or just before 
exertion in an effort to prevent or treat myocardial ischemia. In addition, most 
patients also require long-term prophylactic therapy with a B-blocker, calcium- 
channel blocker, a long-acting nitrate, or all three. The treatment of drug-induced 
myocardial ischemia is no different from that of classic nondrug-induced ischemia. 
Unless patients have been warned that a particular drug they are taking has the 
propensity to increase the risk of myocardial ischemia and subsequent angina, most 
patients will not associate an increase in the incidence of chest pain with specific 
drug therapy. Patients should be made aware that specific drugs they are taking 
might cause angina and potentially exacerbate their disease. When possible, the 
most effective treatment is to discontinue therapy with the offending agent. In some 
cases, this is not possible, and maximization of the patient’s medical therapy for the 
underlying myocardial ischemia 1s necessary. 


DRUG-INDUCED MYOCARDIAL ISCHEMIA IN 
PATIENTS WITH NO HISTORY OF CORONARY 
ARTERY DISEASE 


In most cases, the most effective and logical therapy is to treat the anginal episode 
with standard therapy as necessary and immediately discontinue therapy with the 
offending agent. Inasmuch as there is no apparent underlying disease (i.e., no 
atherosclerotic coronary artery disease), discontinuation of the offending drug 
removes the sole cause of the symptoms.” In certain situations, discontinuation of 
a culprit agent is impractical or even life threatening. For example, withholding 
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therapy with a cancer chemotherapy agent may not be possible, because it may be 
the only effective treatment. In these cases, although no specific data are available 
to support this on all occasions, use of short-term or prophylactic therapies, such as 
sublingual nitrates, may be necessary to minimize the ischemia. In most other cases, 
however, discontinuation of the offending agent is the most effective treatment 
approach. Finally, as discussed in the section above, it is prudent to treat these 
individuals with therapies that reduce the risk factors. 


DRUG-INDUCED ACUTE CORONARY SYNDROMES 


The therapies for acute coronary syndromes are outlined in consensus guidelines 
and reviews and are summarized in Table 23-8.!*-?4 The consensus guidelines 
outlined in the table illustrate standard treatment of acute coronary syndromes (ST- 
segment elevation [STSE] acute coronary syndromes and non-ST-segment elevation 
[NSTSE] acute coronary syndromes) and management of cocaine-induced acute 
coronary syndromes from two distinct guidelines. Management of 
methamphetamine-induced acute coronary syndromes is also described as 
analogous to treatment of cocaine-induced acute coronary syndromes. The only 
drug-induced acute coronary syndromes for which therapeutic guidance exists are 
those caused by cocaine and methamphetamine; a specific section is devoted to 
treatment of these. 


The management of conventional (nondrug-induced) acute coronary syndromes 
typically includes antiplatelet agents, unfractionated heparin or low-molecular- 
weight heparin, nitrates, B-blockers, anxiolytic drugs, and analgesics. In patients 
with STSE acute coronary syndromes, the addition of revascularization therapy 
with percutaneous coronary intervention (PCI) or thrombolytic therapy is generally 
indicated, and glycoprotein IIb/IIla receptor antagonists are used in selected 
patients. In patients with NSTSE acute coronary syndromes, thrombolytic agents 
are not indicated, but PCI and glycoprotein IIb/IIIa receptor antagonists may be 
used. In general, therapy for a drug-induced acute coronary syndrome 1s the same as 
that for a nondrug-induced acute coronary syndrome. The therapies are similar 
primarily because there are few data to suggest that they should be different. 
Following in-hospital care, patients with evidence of drug-induced MI or 
atherosclerosis should be treated in a manner similar to that of patients with a 
nondrug-induced acute coronary syndrome. Aggressive cardiovascular risk-factor 
reduction with smoking cessation therapy and control of hypertension, diabetes, and 
dyslipidemia is necessary. Treatment with traditional secondary prevention 
therapies, including aspirin, clopidogrel, B-blockers, statins, and angiotensin- 
converting enzyme inhibitors should also be administered in these patients. 
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TREATMENT OF COCAINE-INDUCED ACUTE 
CORONARY SYNDROMES 


As illustrated in Table 23-8, treatment guidelines for cocaine-induced acute 
coronary syndromes have been published. In addition, new sections regarding 
cocaine have been added to consensus guidelines for the management of acute 
coronary syndromes.!*3*4 Mechanisms of cocaine-induced acute coronary 
syndrome are multifactorial (increased myocardial oxygen demand, decreased 
myocardial oxygen supply due to vasoconstriction, and thrombus formation), but, 
unlike nondrug-induced acute coronary syndromes, a major component of cocaine’s 
effect is secondary to coronary vasoconstriction (in contrast to that of a classic 
acute coronary syndrome). Therefore, treatment approaches target the 
vasoconstrictive component as well as the classic therapeutic targets. In addition, 
cocaine toxicity affects other organ systems, particularly the central nervous 
system, increasing the risk of seizures, hyperthermia, and subarachnoid hemorrhage. 
These factors must be considered when treating cocaine-induced acute coronary 
syndromes. The AHA’s recommendations for treatment of cocaine-induced chest 
pain are provided in Table 23-8 and are based on risk profile. All patients should 
be evaluated in a chest pain unit and receive aspirin and benzodiazepines initially. 
If pain is not responsive, nitroglycerin, nitroprusside (for persistent hypertension 
not controlled with nitroglycerin) or phentolamine (alternative) are recommended. 
Please note that the two guidelines differ slightly in their approach. 
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Table 23-8 Therapy of Acute Coronary Syndromes 


Cocaine-Associated Chest 
STEMI ACCF/AHA NSTEMI/UA-ACCF/AHA Pain and MI-AHA Scientific 
2013 Guidelines? 2014 Guidelines' Statement®** 





Overall Guidelines Cocaine—Methamphetamine- 
Specific Guidelines 


Oxygen Oxygen Oxygen 


Oral antiplatelet agents Oral antiplatelet agents Oral antiplatelet agents 
Aspirin Aspirin Aspirin 
P2Y,, inhibitors P2Y ,, inhibitors P2Y ,, inhibitors 
Benzodiazepine anxiolytics Benzodiazepine anxiolytics | Benzodiazepines alone or in Benzodiazepine anxiolytics 

combination with nitroglyc- 

erin are reasonable for man- 

agement of hypertension and 

tachycardia with signs of acute 

cocaine or methamphetamine 

intoxication 


Analgesics (morphine) Analgesics (morphine) Not discussed 





Intravenous nitroglycerin Intravenous nitroglycerin Intravenous nitroglycerin 
(nitroprusside or phen- 
tolamine may be considered 
for persistent hypertension) 
B-blockers B-blockers §-blockers should not be admin- | B-blocker use should be 
istered to patients with a avoided in the acute phase 
recent history of cocaine or Labetalol does not offer any 
methamphetamine use who advantage; carvedilol has 
demonstrate signs of acute not been studied 
intoxication due to the risk of 
potentiating coronary spasm 
Reperfusion Reperfusion Not discussed If ST-segment elevation 
Thrombolytics Primary PCI present, PCI is preferred 
Primary PCI over thrombolytic therapy 
If NSTSE, evaluate with 
cardiac catheterization 





Unfractionated heparin, Unfractionated heparin, enoxaparin, fondaparinux, bivalirudin | Unfractionated heparin, enox- 
enoxaparin, fondaparinux, aparin, direct thrombin 
bivalirudin inhibitors 

IV GP IIb/IIIa receptor 1V GP IIb/Illa receptor antagonists IV GP Ilb/IIla receptor 
antagonists antagonists 

CCBs only when patients are | CCBs only when patients are unresponsive to NTG and CCBs may be considered 
unresponsive to NTG and B-blockers for patients who do not 


B-blockers respond to benzodiazepines 


and nitroglycerin 





ACCE = American College of Cardiology Foundation, AHA = American Heart Association, CCB = calcium-channel blocker, GP = glycoprotein, 
MI = myocardial infarction, NSTSE = non-ST-segment elevation, NSTEMI = non-ST-segment elevation myocardial infarction, 

NTG = nitroglycerin, PCI = percutaneous coronary intervention, STEMI = ST segment elevation myocardial infarction, 

WHO = World Health Organization, UA = unstable angina. 


Considerable controversy exists regarding whether B-blockers, thrombolytic 
therapy, and calcium-channel blockers should be used for the management of 
cocaine-induced acute coronary syndromes. In theory, B-blockers have the potential 
to exacerbate coronary artery and systemic vasoconstriction. As described above, 
cocaine inhibits peripheral norepinephrine reuptake, leading to increased plasma 
norepinephrine concentrations and enhanced  a,-adrenoceptor-mediated 


vasoconstriction. When administered to patients who have ingested cocaine, p- 
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blockers, especially nonselective agents, may further enhance coronary 
vasoconstriction through enhancement of unopposed o,-adrenoceptor agonism, 


potentially further increasing blood pressure and heart rate and possibly increasing 


the risk of seizures and mortality.*!? Available data suggest that labetalol (a B- 
adrenergic and o,-receptor inhibitor) may convey benefit in patients with cocaine- 


induced acute coronary syndromes, but labetalol administration has also been 
associated with increased seizure activity and mortality in animal models and little 
effect on coronary vasoconstriction in humans. Carvedilol, which is also a B- 
adrenergic and oj-receptor inhibitor, may theoretically benefit patients with 
cocaine-induced acute coronary syndromes as well, although data supporting 
carvedilol use in this situation are not available. Several treatment guidelines!°74 
and expert reviews suggest that B-blockers of any kind should not be administered 
during the acute phase of an acute coronary syndrome. However, these 
recommendations have been questioned. Results of a retrospective study indicated 
that B-blockers are associated with a substantially lower risk of cocaine-induced 
MI.°’” The authors of this study suggested that warnings against B-blocker use may 
apply only to patients with acute cocaine intoxication. The AHA guidelines 
published in 2014 share these recommendations, whereas the cocaine-specific 
guidelines published in 2008 recommended against acute B-blocker administration. 
Further research since the publication of the 2008 guidelines suggests no difference 
in outcomes between the B-blocker cohort and patients not receiving a B-blocker.> 
However, it is difficult to determine if the patients in that study were acutely 
intoxicated. Both guidelines specifically recommend against the use of B-blockers 
in patients acutely intoxicated with cocaine. 


Thrombolytic administration to individuals with cocaine-induced acute 
coronary syndrome is also very controversial. There have been several reports of 
intracranial hemorrhage or death secondary to thrombolytic use in_ this 
population.*!7!° Therefore, patients should receive benzodiazepines, aspirin, 
and nitrates followed by calcium-channel blockers or phentolamine.*!’ Therapy 
with thrombolytics should be reserved for patients who are clearly having an ST- 
segment elevation MI who cannot undergo revascularization with PCI. These issues 
related to cocaine-induced acute coronary syndromes suggest that the standard 
treatment of drug-induced acute coronary syndromes is less than clear and is 
sometimes dependent on the specific drug causing the acute coronary syndrome. 


The use of calcium-channel blockers for the treatment of cocaine-induced chest 
pain and acute coronary syndromes is also controversial. In theory, calcium- 
channel blockers should reverse the vasoconstriction frequently associated with 
cocaine ingestion. In cardiac catheterization studies, verapamil has been shown to 
reverse cocaine-associated vasospasm. However, results of animal studies 
regarding the effects of calcitum-channel blockers on survival, seizure frequency, 
and arrhythmias associated with cocaine-induced ischemia have been variable. 
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Current recommendations suggest that the short-acting dihydropyridine calcium- 
channel blockers should never be administered in patients with cocaine-induced 
acute coronary syndromes. This recommendation is consistent with that of standard 
treatment of chronic and acute coronary syndromes. Verapamil or diltiazem should 
not be used in the presence of left ventricular systolic dysfunction. Therapy with 
calcium-channel blockers should be reserved for patients with cocaine-induced 
acute coronary syndromes who do not respond to therapy with nitroglycerin and 
benzodiazepines.°7+ 


Finally, after hospitalization, outpatient treatment of patients with evidence of 
cocaine-induced MI or atherosclerosis should be similar to that used for patients 
with a nondrug-induced acute coronary syndrome. Aggressive cardiovascular risk- 
factor reduction with smoking cessation therapy and control of blood pressure, 
diabetes, and plasma lipid concentrations is necessary. Traditional secondary 
prevention therapies including aspirin, clopidogrel, statins, and angiotensin- 
converting enzyme inhibitors should be administered in these patients. Therapy 
with B-blockers should be used if required based on risk and in consideration of the 
potential for continued cocaine use. 


Finally, while there are limited options for drug treatment programs to reduce 
cocaine use, there are numerous options for psychosocial intervention. The 
combination of group and intensive individual counseling has promise for the 
treatment of cocaine dependence. 


ALTERNATIVES TO THE USE OF NSAIDs 


Current guidelines recommend against the routine use of nonselective NSAIDs and 
selective COX-2 NSAIDs in patients with acute coronary syndromes.*”!! Although 
these recommendations are focused on the treatment of acute coronary syndromes, 
they should likely be applied to all patients with cardiovascular disease. During the 
acute period, narcotic analgesics such as morphine should be administered for pain 
management. Following discharge from the hospital and during the postinfarction 
period, the AHA recommends a_ stepped-care approach for managing 
musculoskeletal pain.**! These recommendations strongly advise clinicians to 
closely evaluate symptoms and to use nonpharmacologic approaches initially. If 
these techniques are ineffective for pain control, first-line agents may include 
acetaminophen, aspirin, tramadol, short-term narcotic analgesics or nonacetylated 
salicylates. The next tier of therapy involves a progression from non-COX-2 
selective NSAIDs (e.g., naproxen, ibuprofen) to NSAIDs with some selectivity 
(e.g., diclofenac, celecoxib) to COX-2 selective NSAIDs (e.g., rofecoxib, 
etoricoxib). The recommendations also suggest that once the second tier of agents is 
chosen, the lowest dose of NSAID should be used, and additional therapy should 
include aspirin 81 mg daily and a proton pump inhibitor.*8! These recommendations 
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have been met with some disagreement, as they are based primarily on 
cardiovascular risk, rather than the need for pain management. 


INFORMATION FOR PATIENTS 


Information for patients regarding prevention of these drug-induced conditions is 
provided in Table 23-7. Patients who are taking drugs that may cause myocardial 
ischemia or acute coronary syndromes should be instructed that the specific drug 
may, in some cases, cause chest pain. For patients who have underlying coronary 
artery disease and a history of anginal symptoms, self-care of angina symptoms 
should be the same as if the pain was associated with exertion or some other 
precipitant of an ischemic event. Individuals who do not have a history of coronary 
artery disease, acute coronary syndrome, or myocardial ischemia should be made 
aware that specific drugs that they are taking may, in unusual circumstances, 
precipitate a coronary event, and patients should be counseled regarding the 
symptoms that could result. Patients should be instructed to consult their pharmacist 
or physician or go to an emergency department if chest pain, palpitations, light- 
headedness, dizziness, or shortness of breath occur. Finally, and most unfortunately, 
many cases of drug-induced ischemia and infarction are associated with illicit-drug 
use (e.g., cocaine, amphetamines). The best method to avoid these toxicities is 
through public health initiatives that warn about the dangers of illicit-drug use. 
Finally, referral of these patients to drug rehabilitation programs is essential for 
appropriate treatment. 
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CHAPTER 24 


Heart Failure 


Yazid N. Al Hamarneh and Ross T: Tsuyuki 


Heart failure is a major cause of morbidity and mortality in Western society.“ It is 
one of the most common reasons for hospitalization, with over 5 million 
hospitalizations per year in the United States and 106,000 per year in Canada.*” 
The duration of stay for patients hospitalized with heart failure is long, averaging 
about 13 days, and in-hospital mortality is high, between 3.2 and 15%.*° 

Coronary artery disease is by far the most common cause of heart failure in the 
United States, accounting for approximately two thirds of cases.’ Other causes 
include hypertension, myocarditis, and cardiac toxins, including drugs, which can 
cause or exacerbate a stable pattern of heart failure.’° Drug-induced heart failure in 
patients without pre-existing left ventricular dysfunction is quite rare, and drug- 
induced exacerbation of symptoms of heart failure occurs more frequently in those 


with established heart failure.? This chapter will focus on drug-induced heart 
failure, primarily heart failure with reduced ejection fraction (HFrEF), including 
causative agents, epidemiology, mechanism of action, and clinical presentation. 


CAUSATIVE AGENTS 
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Left ventricular ejection fraction (LVEF), also simply referred to as ejection 
fraction (EF), is used as the primary term to define heart failure.!° Based on LVEF, 
heart failure can be divided into heart failure with reduced ejection fraction 
(HFrEF) if EF is <40% or heart failure with preserved ejection fraction (HFpEF) 
if the EF is >50%,1°! 


The agents implicated in drug-induced heart failure are listed in Table 24-1.!7 
109 Causality is often difficult to ascertain because of the multiplicity of factors that 
can exacerbate heart failure symptoms. Most calcium-channel blockers (except 
felodipine and amlodipine), antihyperglycemic agents (dipeptidyl peptidase 4 
[DPP-4] inhibitors and thiazolidinediones [“‘glitazones”: rosiglitazone and 
pioglitazone]), antiarrhythmic agents, anthracyclines (doxorubicin), biologics 
(bevacizumab, infliximab, lapatinib, trastuzumab), nonsteroidal anti-inflammatory 
agents (NSAIDs), selective cyclooxygenase-2 (COX-2) inhibitors, and adrenergic 
B-receptor antagonists (B-blockers) have all been implicated in drug-induced heart 
failure. 


Table 24-1 Agents Implicated in Drug-Induced Heart Failure 


Drug Incidence Level of Evidence* 


a1-antagonists 


Doxazosin!2 
Amantadine 13 
Aminocaproic acid14 
Amphotericin B15,16 
Anagrelide 17 
Anthracyclines 18,19 


Doxorubic in20-22,24 


Epirubicin2+ 


Digoxin immune antibody 
fragments25 


RR 2.04, 95% CI 1.79-2.32 


~ 





K 


K 


K 


Wy ay; aya 


2.4% 


0-16% 
20% A 


K C 


Antiarrhythmic agents25,26 510% 24 A 
Disopyramide?? 16% A 
Dronedarone?? 3.2% A 
Encainide2® 2.6% A 
Plsewinides? (NYHA class III HF) 13.5% A 

9% A 
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Lidocaine2° 


Lorcainide2® 


Mexiletine2® 


Moric izine2® 


Propafenone 


Tocainide2® 


B-blockers3 1 


P ropranolol? 2 


Biologic agents 


Bevacizumab!3 7 


Infliximab!38 


Trastuzumab?® 


Blue cohosh33 
Bromocriptine34 
Buflomedill 85 
Cabergoline35-37 


Calcium-channel blockers 


Diltiazem? 8 
Nifedipine?” 


Verapamil”? 


Carbamazepine 110 


Clozapine4 1-44 


Corticosteroids45 


Prednisolone?® 


Cyclophosphamide47,48 


Cytarabine49 
Dapsone50 


DPP-4 inhibitors 


28 


0.7% 
0.9% 
2.4% 
4.7% 
1.6% 


2% 
1-5.4% B 


RR 4.74, 95% CI 1.66—11.18 


RR 2.84, 95% CI 1.01—7.97 


14% vs 10% (control) 
Monotherapy: 3-7%99, 100,102,103 
NYHA class III or IV: 0-3.9% 101 
LVEF decrease >10%: 3—34% 101 





24-26% 
NK 


1.3-1.8 
Dose >7.5 mg/day: RR 3.7, 95% CI 


O17 





> > > > YS 


ve) 


Q +, F&F FI!alal;ala 


Saxagliptin!22 
Dutasteride 186 


Etanercept187,188 
FluorouracilS2 
Foscarmet53 


Glitazones54-58 


Rosiglitazone 


Pioglitazone 


Hydralazine34 
Ifosfamide 18,67 
Imatinib189 
Interferon «70-72 
Itraconazole73 
Licorice74 
Mannitol75 
Megestrol76 


Minoxidil77 





Mitoxantrone78 
NSAIDs79-86 


COX-2 inhibitors 


Celecoxib 7-8? 
xibe>-89 


Rofeco 


Paclitaxel90,91 


Parkinson disease agents 190 


Cabergoline 190 


Pergolide 190 


59-61 


65,66 








RR 1.72, 95% CI 1.21—2.4262 


OR 2.1, 95% CI 1.08—4.08 vs. A 
placebo63 


HR 1.8, 95% CI 1.4-2.264 A 


0.1-14.1% 

HR 2.15—7.03 

RR 2.09, 95% CI 1.52—2.88 
11% 65 


HR 1.41, 95% CI 1.14-1.7666 





Wy ay;yaray;yrayayay ay wy} aya 


RR 1.8-9.9, 95% CI 1.42.4 
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190 





Pramipexole 
Ropinirole 190 
PEG lavage solution92 NK C 
Penicillins93,94 NK C 
Ampicillin?* is : 
Pergolide95,96 NK C 
Pregabalin97 NK C 
Sodium-containing antacids34 NK C 
Tricyclic antidepressants 104-107 C 
Imipramine C 
Amitriptyline C 
Protriptyline C 
Nortriptyline C 
Clomipramine C 
Venlafaxine 108 C 
Zidovudine 109 NK C 





CI = confidence interval, COX = cyclooxygenase, DPP = dipeptidyl peptidase, HF = heart failure, HR = hazard 
ratio, LVEF = left ventricular ejection fraction, NK = not known, NSAID = nonsteroidal anti-inflammatory drug, 
NYHA = New York Heart Association, OR = odds ratio, PEG = polyethylene glycol, RR = relative risk. 

aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Isolated case reports have identified other agents as possible causes of drug- 
induced heart failure (see Table 24-1 for details). Because causality related to 
these agents 1s much less certain, these will not be discussed in detail in this 
chapter. The reader is referred to a comprehensive review by Amabile and 
Spencer!!° that outlines medications to avoid in patients with heart failure and 
review papers by Feenstra et al.,? Slordal and Spigset,!!! and Maxwell and 
Jenkins!!? for further discussion of heart failure associated with these agents. 

Although drug-induced heart failure in patients without pre-existing left 
ventricular dysfunction is relatively rare, drug-induced exacerbations of symptoms 
in those with pre-existing left ventricular dysfunction is more common. Drug- 
induced causes, expressed as a proportion of all heart-failure exacerbations, are 
shown in Table 24-2. In a prospective study of factors associated with acute 
exacerbation of heart failure, Tsuyuki et al.!!> reported on 323 episodes of 
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worsening HFrEF in 180 patients during the 43 weeks of the Randomized 
Evaluation of Strategies for Left Ventricular Dysfunction (RESOLVD) pilot study. 
Although the most commonly identified precipitant of exacerbations of acute HFrEF 
was excessive salt intake (22%), antiarrhythmic agents, study medications (which 
were metoprolol and candesartan and/or enalapril administered in a blinded 
fashion), and calcium-channel blockers were all implicated. Interestingly, however, 
medications were not thought to be the primary cause of any of these exacerbations; 
rather, nonadherence to salt restrictions, followed by other noncardiac causes (such 
as upper respiratory tract infections), were the most common causes of 
excerbations. !!4 


Table 24-2 Proportion of Heart Failure Exacerbations That Are 





Drug-Induced# 






Precipitating 





Study Agent(s) Incidence 
Tsuyuki et al. 113,b Antiarrhythmic agents 15% 

“Study medications” (B-blockers or | 15% 

placebo) 

Calcium channel blockers 13% 

Nonstudy open-label B-blockers 9% 

NSAIDs 5% 
Rich et al. 114 Fluids (excessive intravascular 5.5% 


volume expansion) 


B-blockers 0.25% 
Verapamil 0.25% 


Garcia Robles et al.31 B-blockers 2% 


NSAID = nonsteroidal anti-inflammatory drug. 
aDoes not include underuse of drugs (i.e., discontinuation of therapy with diuretics). 


bCategories not mutually exclusive. 


Ina review of 401 patients over the age of 70 years hospitalized with HFrEF or 
HFpEF (average LVEF was 52% in iatrogenic heart failure group and 44% in the 
noniatrogenic group), Rich et al.!'4 determined that iatrogenic causes were present 
in 28 patients (7%). The most common cause was excessive intravascular volume 
expansion (22 patients) followed by administration of blood products (3 patients) 
or verapamil (1 patient).''4 In a review of 100 hospitalizations of patients over 65 
years of age with HFrEF, Garcia Robles et al. identified two cases (2%) caused by 
B-blockers.*! Other studies revealed acute angina, respiratory infection, 
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uncontrolled hypertension, arrhythmias, and poor adherence to medication therapy 
as common precipitants of exacerbations of HFrEF and HFpEF.!!3-!!7 


EPIDEMIOLOGY 


The incidence of drug-induced heart failure (HFrEF, HFpEF, heart failure with 
unreported EF) is outlined in Table 24-1. The precise incidence of drug-induced 
heart failure is difficult to determine because it is often challenging to differentiate 


drug-induced heart failure from the many other precipitants of this syndrome.!! 


CALCIUM-CHANNEL BLOCKERS 


In a post hoc analysis of the Multicentre Diltiazem Postinfarction Trial (MDPIT), 
Goldstein et al.** reported new or worsened HFrEF in 12% and 20.5% of 623 
patients receiving placebo or diltiazem, respectively (p = 0.004). There was no 
difference in the incidence of new or worsened heart failure (in patients with LVEF 
> 0.40) at baseline, highlighting the significant hazard of diltiazem use in patients 
with left ventricular dysfunction after myocardial infarction.** In a randomized, 
double-blind crossover study of 8 weeks of treatment with isosorbide dinitrate 
alone, isosorbide dinitrate in combination with nifedipine, or nifedipine alone in 28 
patients with mild-to-moderate HFrEF, there were higher incidences of 
hospitalization due to worsening heart failure in the isosorbide dinitrate plus 
nifedipine (26%) and nifedipine alone (24%) groups compared to that in the 
isosorbide dinitrate alone group (0%).°? 


In the second Prospective Randomized Amlodipine Survival Evaluation 
(PRAISE-2) study, 1,654 patients with HFrEF were randomized to receive 
amlodipine or placebo. The hazard ratio for death was 1.09 (95% CI 0.92—1.29), 
indicating no survival benefit (or adverse effect on survival) associated with 
amlodipine. Many have interpreted these results to mean that amlodipine can be 
used in patients with HFrEF who need it for reasons other than heart failure (e.g., 
hypertension or angina not controlled by other agents).!!® Similar recommendations 
have been made regarding felodipine based on the results of the third Vasodilators 
in Heart Failure Trial (V-HeFT IID, in which patients with HFrEF were 
randomized to receive felodipine or placebo; there were no differences between 
the groups in mortality or hospitalization rates. !!° 


ANTIHYPERGLYCEMIC AGENTS 


GLITAZONES 
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The glitazone drugs are a well-known cause of fluid retention.**°>>/® Tang et al.>° 
reviewed the records of 111 consecutive patients with HFrEF and diabetes who 
were prescribed a glitazone agent and reported that the incidence of fluid retention 
was 17%. Of those who fulfilled the criteria for fluid retention, 26% were 
hospitalized to manage the condition and 11% had pulmonary edema. There was no 
difference in the baseline New York Heart Association (NYHA) functional heart 
failure class between patients who developed fluid retention and those who did not. 
In the randomized A Diabetes Outcome Progression Trial (ADOPT), a higher 
incidence of heart failure was reported in the rosiglitazone group compared to that 
in the glyburide group (HR 2.2, 95% CI 1.01-4.79, p = 0.05) though not compared 
to that in the metformin group (HR 1.22, 95% CI 0.66—2.26, p = 0.52).!7° A higher 
incidence of pulmonary edema and use of loop diuretics was also reported in the 
rosiglitazone group (14.1%) compared to that associated with glyburide (8.5%; p 
<0.001) or metformin (7.2%; p <0.001).!7° 


More recently, several clinical trials and meta-analyses have investigated the 
impact of glitazone therapy on cardiovascular outcomes, including the incidence of 
heart failure. In the Diabetes Reduction Assessment with Ramipril and 
Rosiglitazone Medication (DREAM) study, 5,269 adults with impaired fasting 
glucose or impaired glucose tolerance or both and no previous cardiovascular 
disease were randomly assigned to receive rosiglitazone or placebo.” A higher 
proportion of patients in the rosiglitazone group developed heart failure than in the 
placebo group (0.5% versus 0.1%, respectively, p = 0.01). In the Rosiglitazone 
Evaluated for Cardiac Outcomes and Regulation of Glycemia (RECORD) study, 
4,447 patients with inadequate glycemic control were randomly assigned to receive 
add-on rosiglitazone therapy or metformin plus sulfonylurea (control group). In an 
interim analysis, the hazard ratio for the development of heart failure associated 
with rosiglitazone was 2.15 (95% CI 1.30-3.57).°! Pioglitazone has also been 
associated with an increased rate of heart failure. In the Prospective Pioglitazone 
Clinical Trial In Macrovascular Events (PROactive) study, 5,238 patients with type 
2 diabetes and evidence of macrovascular disease were randomly assigned to 
receive pioglitazone or placebo. Pioglitazone was associated with a higher 
incidence of heart failure (11% versus 8%; p <0.0001).© Several meta-analyses 
have also documented an increased incidence of heart failure (new cases and 
worsening symptoms) in patients receiving glitazones (Table 24-1).°?,763.66 


Notably, although both rosiglitazone and pioglitazone have been associated 
with an increased incidence of heart failure (new cases and worsening symptoms), 
to date only rosiglitazone has been shown to be associated with an increased risk of 
myocardial infarction (OR 1.43, 95% CI 1.03—1.98).'*! Neither rosiglitazone nor 
pioglitazone has been shown to increase the risk of cardiovascular mortality.°?©?° 
A joint consensus statement by the American Heart Association and the American 
Diabetes Association recommended cautious use of lower doses of glitazones in 
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patients with NYHA functional class -II symptoms and avoidance of these agents 
in those with NYHA class I-IV symptoms.~° It is best to avoid glitazones in 
patients with heart failure, in view of the fact that there are many oral 
antihyperglycemic agents that can be used in this population. 


DIPEPTIDYL PEPTIDASE (DPP)-4 INHIBITORS 


In light of the latest evidence, the focus of many diabetes trials has shifted toward 
cardiovascular safety outcomes (rather than an expectation of reducing 
cardiovascular risk). Scirica et al.!2* conducted a multicenter, randomized, double- 
blind, placebo-controlled trial to assess the cardiovascular safety and efficacy of 
saxagliptin in patients with type 2 diabetes who had a history of established 
cardiovascular disease or multiple risk factors for vascular disease. There was no 
significant difference between the saxagliptin and placebo groups in the primary 
endpoint (composite of cardiovascular death, nonfatal myocardial infarction, or 
nonfatal ischemic stroke) (HR 1, 95% CI 0.89-1.12, p = 0.99) nor in the major 
secondary endpoints (composite of cardiovascular death, nonfatal myocardial 
infarction, nonfatal ischemic stroke, hospitalization for unstable angina, coronary 
revascularization, or heart failure (HR 1.02, 95% CI 0.94-1.11, p = 0.66). 
However, saxagliptin increased the risk of hospitalization for heart failure (HR 
1.27, 95% CI 1.07-1.51, p = 0.007). White et al.!?> conducted a multicenter, 
randomized, double-blind noninferiority trial of the effects of alogliptin on major 
cardiovascular events in patients with type 2 diabetes who had an acute coronary 
syndrome within 15—90 days before randomization. Alogliptin did not increase the 
risk of hospitalization for heart failure (HR 1.19, 95% CI 0.89-1.59, p = 0.24). 
Green et al.'*4 employed a similar design to assess the cardiovascular safety of 
sitagliptin versus placebo in patients with type 2 diabetes who had established 
cardiovascular disease. Sitagliptin did not increase the risk of cardiovascular 
death, nonfatal myocardial infarction, nonfatal stroke, or hospitalization for 
unstable angina (HR 0.98, 95% CI 0.8—1.08, p = 0.65) or the risk of hospitalization 
for heart failure (HR 1, 95% CI 0.83—1.20, p = 0.98). Weir et al.'*° assessed the 
effects of sitagliptin on patients with type 2 diabetes and heart failure in a 
population-based retrospective cohort study. When compared to metformin or a 
sulfonylurea, sitagliptin did not increase the risk of all-cause mortality and 
hospitalization (adjusted OR 0.84, 95% CI 0.69—1.03, p = 0.10). However patients 
who received sitagliptin were at higher risk of hospital admission due to heart 
failure (adjusted OR 1.84, 95% CI 1.16—2.92, p = 0.01). 


ANTIARRHYTHMIC AGENTS 


Ravid et al.?° reviewed the incidence of drug-induced heart failure in 407 patients 
during 1,133 serial electrophysiologic drug tests with encainide, moricizine, 
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lorcainide, mexiletine, propafenone, or tocainide. Using a strict definition of 
HFrEF, they reported an overall incidence of drug-induced heart failure of 1.8%. 
The incidence increased to 3.8% in patients with a history of heart failure. In this 
study, lorcainide (not available in the United States) was associated with the 
lowest incidence of heart failure (0.7%), while propafenone was associated with 
the highest incidence (4.7%). In a randomized, controlled trial investigating the 
impact of antiarrhythmic therapy postmyocardial infarction, Greene et al.7’ reported 
no significant difference in the proportion of patients who developed heart failure 
symptoms or diagnoses requiring hospitalization in patients receiving imipramine 
(which at the time was studied for possible antiarrhythmic effects), encainide, 
flecainide, or moricizine (26%) compared with those receiving placebo (18%).7’ 
Pfisterer estimated that the incidence of drug-induced heart failure associated with 
older antiarrhythmic agents (excluding ibutilide and dofetilide) is about 5% overall 
and approximately 10% in those with a history of heart failure.?” Disopyramide has 
well-known negative inotropic effects, and flecainide has also been reported to 
worsen heart failure. !7°-! 


Amiodarone, ibutilide, and dofetilide appear to exert minimal negative 
inotropic effects, and amiodarone and dofetilide are neutral with respect to 
survival in patients with heart failure.! Therefore, amiodarone and dofetilide are 
recommended for prevention of recurrent atrial fibrillation in patients with 
HFrEF.!* In contrast, the Antiarrhythmic Trial with Dronedarone in Moderate to 
Severe CHF Evaluating Morbidity Decrease (ANDROMEDA) trial found that 
dronedarone, an antiarrhythmic drug with properties similar to those of 
amiodarone, was associated with increased early mortality related to the worsening 
of heart failure symptoms in patients who were hospitalized with symptomatic 
severe HFrEF*? During a median follow-up of 2 months, 8.1% of patients 
receiving dronedarone died, compared with 3.8% receiving placebo (HR 2.13, 
95% CI 1.07-4.25, p = 0.03), and this excess mortality was predominantly related 
to worsening of heart failure (3.2% versus 0.6%; p value not reported). An 
increase in mortality associated with dronedarone was not observed in another trial 
in which patients with decompensated NYHA class IV HFrEF were excluded (no 
difference in all-cause mortality, and a reduction in death from cardiovascular 
causes—dronedarone, 2.7%, versus placebo, 3.9%; HR 0.71, 95% CI 0.51— 
0.98).!78 It is recommended that dronedarone should be avoided in patients with 
HFrEF.'”? Overall, heart failure is a known risk factor for proarrhythmic effects 
and most antiarrhythmic agents worsen heart failure symptoms. Risk versus benefit 
evaluation is extremely important in this patient population. Amiodarone and 
dofetilide appear to be the antiarrythmic agents that are least likely to induce or 
exacerbate heart failure. !°? 
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ANTHRACYCLINES 


The incidence of drug-induced HFrEF is best characterized for the cancer 
chemotherapy agent doxorubicin. Von Hoff et al.?° reviewed eight National Cancer 
Institute trials involving over 3,900 patients and reported an overall incidence of 
doxorubicin-induced heart failure of 2.2%. However, a retrospective analysis of 
three clinical trials, which included 630 patients receiving doxorubicin, reported a 
higher overall incidence of doxorubicin-related HFrEF of 5.1%.7! In a systematic 
review of 30 studies, the frequency of anthracycline-induced heart failure in 
children was reported to be 0-16%.”? In a cohort of 830 children treated with a 
mean cumulative anthracycline dose of 288 mg/m? during a mean follow-up of 8.5 
years, the incidence of anthracycline-induced heart failure was 2.5%.*? Although 
anthracyclines can be lifesaving in patients with cancer, the known cardiotoxicity of 
these agents requires close monitoring with respect to dose and cardiac function. 


BIOLOGIC AGENTS 
TRASTUZUMAB 


Although trastuzumab has clearly been associated with cardiac dysfunction, 
determination of the incidence is complicated by the coadministration of other 
cardiotoxic medications such as anthracyclines and cyclophosphamide. In the first 
large Phase III trial of trastuzumab in patients with metastatic breast cancer that 
overexpressed human epidermal growth factor receptor 2 (HER2), patients were 
assigned randomly to standard cancer chemotherapy plus trastuzumab (doxorubicin, 
epirubicin, or cyclophosphamide for those who had not previously received 
adjuvant anthracycline therapy or paclitaxel for those who had received previous 
adjuvant anthracycline therapy) or standard chemotherapy alone. Cardiac 
dysfunction (based on NYHA criteria) occurred in 27% of the patients receiving an 
anthracycline, cyclophosphamide, and trastuzumab; in 8% in those who received 
only an anthracycline and cyclophosphamide; in 13% in those receiving 
trastuzumab plus paclitaxel; and in 1% of patients receiving paclitaxel alone.” In 
addition, five major trials investigating trastuzumab as adjuvant therapy for patients 
with HER2 positive breast cancer reported an incidence of severe heart failure 
(NYHA class III or IV) of 0-3.9% in trastuzumab-treated patients compared with 
0—1.3% in control groups.!9!-!3!-!35 In these studies, 3-34% of trastuzumab-treated 
patients experienced >10% reduction in LVEF, compared with 2—17% of patients in 
control groups (p value not reported).!°! In addition, trastuzumab has been used as 
a single agent in several trials in which the incidence of cardiac dysfunction 
associated with the drug has been 3—7%.! Finally, in a retrospective review of 
173 women with metastatic breast cancer who received trastuzumab for at least 1 
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year at a single institution, 10.9% experienced symptomatic heart failure or had a 
LVEF between 20% and 40%. !*° 


BEVACIZUMAB 


Choueiri et al.'°’ conducted a meta-analysis of randomized controlled trials of 
bevacizumab in patients with metastatic breast cancer to evaluate the incidence and 
the risk of heart failure. They reported that patients who received bevacizumab 
were at a much higher risk of developing heart failure compared to those who did 
not receive the drug (RR 4.74, 95% CI 1.84—-12.19, p = 0.001). No significant 
difference in the relative risk of heart failure was found between the two approved 
doses of bevacizumab (2.5 mg/kg and 5 mg/kg, p = 0.81). 


INFLIXIMAB 


Chung et al.!3° conducted a randomized controlled trial to assess the influence of 
infliximab on clinical outcomes in patients who have moderate-to-severe HFrEF. 
Patients in this trial were randomized to receive placebo, infliximab 5 mg/kg or 
infliximab 10 mg/kg (to a maximum of | g) immediately after randomization and at 
2 and 6 weeks after randomization and were followed for 28 weeks. Patients who 
received infliximab 10 mg/kg were more likely to have worsened clinical status 
(NYHA and global assessment) at 14 and 28 weeks compared to patients in the 
other two groups (placebo and infliximab 5 mg/kg). Those patients were also more 
likely to die or be hospitalized for HFrEF when compared to the placebo group 
(HR 2.84, 95% CI 1.01—7.97, p = 0.043) and were also more likely to be 
hospitalized for HFrEF or any other reason when compared to those who received 
infliximab 5 mg/kg. Of note, reduction in LVEF has been reported in association 


with lapatinib.!°° 


NSAIDs 


In a study of more than 10,000 patients over 55 years of age, the adjusted relative 
risk of hospitalization for heart failure was 1.8 (95% CI 1.4-2.4) in patients 
receiving diuretics and NSAIDs compared to those taking diuretics only.” 
Bleumink et al.8° reviewed five studies (including the aforementioned trial) and 
reported an approximate twofold increase in the relative risk/odds ratio for 
development of heart failure in patients taking NSAIDs (range between 1.8 [95% 
CI 1.42.4] to 2.2 [95% CI 1-3.4]). Zhao et al.®° reviewed employers’ drug 
insurance databases to evaluate the cost of heart failure in patients with stable 
hypertension (and without a history of coronary artery disease or heart failure) who 
started new treatment with anti-inflammatory medications between January 1999 
and September 2000. They reported 102 new outpatient visits for heart failure 
(based on diagnosis codes and international classification of diseases code) among 
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20,838 new recipients of prescriptions for traditional NSAIDs (adjusted rate per 
1,000 patient-days, 0.124 [95% CI 0.91-1.41, p = 0.28]).*? 


COX-2 INHIBITORS 


Although the COX-2 inhibitors were originally believed to be free of renal and 
hemodynamic effects, this has ultimately not proven to be the case. In a randomized, 
double-blind trial in 1,092 patients >65 years of age with hypertension and 
osteoarthritis, Whelton et al.°’ reported that 0.4% of the patients in the celecoxib 
group and 0.6% of those in the rofecoxib group developed new onset or worsening 
of heart failure.*’ In the aforementioned review of patients with stable hypertension 
in an administrative database, Zhao et al.8? reported 377 new outpatient visits for 
heart failure among 19,663 users of celecoxib (adjusted rate per 1,000 patient- 
days, 0.11) and 228 among 12,218 users of rofecoxib (adjusted rate per 1,000 
patient-days, 0.139 [95% CI 1.06—1.48, p = 0.007]). In a population-based cohort 
study in elderly patients, there was an increased risk of hospital admission in 
patients taking rofecoxib (adjusted rate ratio 1.8, 95% CI 1.42.4) and nonselective 
NSAIDs (adjusted rate ratio 1.4, 95% CI 1—1.9) when compared to those taking 
celecoxib.®° 


p-BLOCKERS 


Although it has been known for some time that B-blockers can precipitate heart 
failure in susceptible individuals, use of these drugs is now standard care in the 
management of heart failure, based on morbidity and mortality benefits 
demonstrated in numerous randomized trials.!7!4°!4? In 1974, Greenblatt and 
Koch-Weser* reported an incidence of HFrEF of 1% in 319 consecutive 
hospitalized patients who were prescribed propranolol. These investigators also 
reviewed 23 studies of 797 outpatients receiving propranolol and reported an 
incidence of HFrEF of 5.4%. These early results should be balanced against the 
now incontrovertible evidence supporting the benefit of B-blockers on mortality 
and morbidity in patients with HFrEF.!~!4°-!*? Indeed, in systematic reviews and 
clinical trials, the use of fB-blockers has been shown consistently to reduce the 
incidence of mortality in HFrEF by 34% and hospitalizations by 40-50% as 
compared with placebo. !4”!*" In a systematic review of 13 randomized trials of B- 
blockers, HFrEF was reported as an adverse event in 16.7% of patients receiving 
B-blockers, compared with 25.1% in those receiving placebo.'*° In an overview of 
randomized, controlled trials of patients with heart failure comparing B-blockers to 
placebo, Ko et al.!** reported that although B-blocker therapy was associated with 
significant increases in the risk of bradycardia, hypotension, and dizziness, it was 
also associated with reductions in the incidence of all-cause mortality, 
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hospitalizations for HFrEF, worsening symptoms of HFrEF, and proportion of 
patients who discontinued therapy with their medications. 


MECHANISMS 


Mechanisms by which many drugs can induce heart failure can be categorized as 
those reducing myocardial contractility (calcium-channel blockers, antiarrhythmic 
agents, anthracyclines, B-blockers), increasing preload (glitazones, NSAIDs, COX- 
2 inhibitors, corticosteroids), and those increasing afterload (sympathomimetic 
agents, NSAIDs, and COX-2 inhibitors [via mismatch of vasodilatory and 
vasoconstrictive prostaglandins]). Mechanisms of drug-induced heart failure are 
listed in Table 24-3. There are several drugs for which the mechanism is unknown, 
including alogliptin, amantadine, aminocaproic acid, amphotericin B, ampicillin, 
digoxin immune antibody fragments, bromocriptine, clozapine, cytarabine, dapsone, 
doxazosin, etanercept, foscarnet, hydralazine, ifosfamide, infliximab, mannitol, 
pregabalin, saxagliptin, venlafaxine, and zidovudine. 


CALCIUM-CHANNEL BLOCKERS 


The common mechanism of heart failure associated with the heterogeneous group of 
calcium-channel blockers is antagonism of L-type calcium channels. All calcium- 
channel blockers are negative inotropes to varying degrees, but their net effect on 
cardiac output and symptoms of heart failure depends on other hemodynamic effects 
in association with the patient’s underlying cardiac dysfunction.'“4 Verapamil and 
diltiazem exert strong negative inotropic effects and should be avoided in all 
patients with HFrEF.'* Nifedipine demonstrates strong negative inotropic effects 
in vivo and also causes neurohormonal activation via the renin—angiotensin— 
aldosterone system.!“° Indeed, nifedipine has been associated with serious 
exacerbations of HFrEF requiring hospitalization and should be avoided in all 
patients with left ventricular dysfunction.*” Second-generation dihydropyridine 
calcium-channel blockers appear to be more vascular-selective, with a lower 
potential for worsening heart failure.!!*-'!° In fact, felodipine and amlodipine have 
both been evaluated as potential therapeutic agents for heart failure. Neither agent 
was associated with beneficial effects with respect to patient outcomes. However, 
neither drug provoked an excess of HFrEF exacerbations compared with placebo, 
suggesting that these agents may be used safely for other purposes (e.g., 
hypertension, ischemia) in patients with HFrEF, although other alternatives are 
available such as long-acting nitrates, §-blockers, and ivabradine. 


Table 24-3 Mechanisms of Drug-Induced Heart Failure 
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Drug 


Doxorubicin, epirubicin, mitoxantrone 


Amitriptyline, carbamazepine, clomipramine, diltiazem, 
disopyramide, encainide, moricizine, flecainide, 
fluorouracil, imipramine, itraconazole, lidocaine, 
lorcainide, mexiletine, nifedipine, nortriptyline, 
propranolol, propafenone, protriptyline, tocainide, 
verapamil 


Cabergoline, pergolide 


Aspirin (non-low-dose), celecoxib, diclofenac, 
diflunisal, etodolac, fenoprofen, flurbiprofen, 
ibuprofen, indomethacin, ketoprofen, licorice, 
mefenamic acid, megestrol, meloxicam, minoxidil, 
nabumetone, naproxen, PEG lavage solution, 
pioglitazone, piroxicam, prednisolone, rofecoxib, 
rosiglitazone, sodium-containing antacids, sulindac, 
tenoxicam, tiaprofenic acid 


Cyclophosphamide 


Interferon a 


Blue cohosh, imatinib, anagrelide 


Paclitaxel 
Sunitinib 
Parkinson disease agents 


Etanercept 


Mechanism 


Believed to be related to reduced myocardial 
contractility 


Potential mechanisms: 
Formation of a toxic metabolite 
Generation of oxygen free radicals 


Interference with B-adrenergic stimulation of the 
heart Disturbances in intracellular calcium 
transport 


Reduced adenosine diphosphate-stimulated 
respiration 

Release of excessive vasoactive compounds such 
as histamine and catecholamines 


Reduced myocardial contractility (i.e., negative 
inotropic effect) 


Valvular fibrosis 


Increased preload (1e., fluid retention) 


Endothelial damage, toxic metabolite 


Impairment of myocyte metabolism 
Increased oxygen demand 


Cardiac toxicity 


Potential exacerbation of anthracycline-induced 
cardiotoxicity 


Can cause cardiac myocyte apotosis and mitochondrial 
injury 


Mechanism unknown, but heart failure may be caused 
by cardiac valve fibrosis 


Blocking the effect of TNFa combined with the other 
cardiovascular risks of rheumatoid arthritis may 
cause heart failure 


PEG = polyethylene glycol, TNF = tumor necrosis factor. 


ANTIHYPERGLYCEMIC AGENTS 
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GLITAZONES 


Although the glitazones appear to have predominantly favorable hemodynamic 
effects in patients with heart failure, their use has been associated with fluid 
retention and heart failure.*+°* Glitazones increase plasma volume by 6—-7%.*° The 
mechanism of fluid retention is not known, but may be related to increased 
endothelial-cell permeability or effects on renal hemodynamics.” Fluid retention 
associated with glitazones appears to be refractory to treatment with loop diuretics 


but is reversible upon discontinuation of therapy.°+>’ However, more recent reports 
and mechanistic studies suggest that diuretics active in the distal collecting duct 
(i.e., hydrochlorothiazide and spironolactone) may be effective for reducing the 
degree of fluid retention associated with glitazones. !47!48 


DPP-4 INHIBITORS 


Mechanisms by which DPP-4 inhibitors (saxagliptin and alogliptin) cause an 
increase in hospitalizations for heart failure is unknown.!*? The results of the 
currently running large trials (such as the CArdiovascular and Renal Microvascular 
outcomes study with LINAgliptin in patients with type 2 diabetes mellitus at high 
vascular risk [CARMELINA] study) will help address questions regarding 
increasing hospitalization due to heart failure associated with this class of 
agents, !*0 


ANTIARRHYTHMIC AGENTS 


Many antiarrhythmic drugs reduce myocardial contractility; the net clinical effects 
reflect the balance of other hemodynamic effects.7”!>! Disopyramide, flecainide, 
propafenone, and nondihyropyridine calcium-channel blockers appear to have the 
strongest negative inotropic effects, whereas amiodarone, ibutilide, and dofetilide 
appear to have negligible adverse negative inotropic effects.27’*°!>! The 
ANDROMEDA investigators postulated that dronedarone may directly or indirectly 
worsen heart failure especially in those with pre-existing poor systolic function, but 
the mechanism remains unknown.°? 


ANTHRACYCLINES 


Although the mechanisms of anthracycline-induced heart failure have not been 
entirely elucidated, oxidative damage may play a role.!°* Formation of a toxic 
metabolite, generation of oxygen-free radicals, interference with myocardial f- 
adrenergic stimulation, disturbances in intracellular calcium transport, reduced 
adenosine diphosphate—stimulated respiration, or release of excessive vasoactive 
compounds such as histamine and catecholamines have all been suggested as 
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possible mechanisms.!>*!>? Although anthracycline-induced heart failure is 
generally considered irreversible, case reports of complete recovery after 
doxorubicin-induced cardiac dysfunction have been published.?:!>:!*4 The risk of 
doxorubicin-induced cardiac dysfunction is largely dose-dependent, yet 
cardiotoxicity can occur with low doses in high-risk individuals. !>° 


BIOLOGIC AGENTS 


Mechanisms by which biologic agents induce cardiovascular toxicity are not well 
understood. However, the mechanism of therapeutic effect may play an important 
role. Mechanisms of heart failure induced by specific biologic agents are described 
below. 


TRASTUZUMAB 

The mechanism of trastuzumab-induced HFrEF is unknown but is different from that 
induced by the anthracyclines.!°! Trastuzumab cardiotoxicity is associated with 
decreased contractility rather than myocyte death.°° This is supported by 
myocardial biopsies obtained from patients with trastuzumab-induced cardiac 
dysfunction, which do not show typical ultrastructural changes (vacuolization or 
myocyte dropout) on electron microscopy.!°’ Data from in vivo and in vitro studies 
suggest that the mechanism of trastuzumab-induced heart failure may be partially 
related to direct HER2 blockade and may be associated with disruption of the 
epidermal growth factor signaling system that is present within the heart.!04!° 
Trastuzumab-induced cardiac dysfunction does not appear to be related to 
cumulative trastuzumab dose and is largely reversible (although the reduction in 
LVEF persisted in certain patients after discontinuing therapy with trastuzumab), 
and rechallenge is generally well tolerated.!°!!°° 


BEVACIZUM AB 

Bevacizumab inhibits vascular endothelial growth factor (VEGF) receptors, which 
may lead to reduction in LVEF and HFrEF via inhibition of angiogenisis and 
myocardial tissue growth in the heart.!*7 


INFLIXIMAB 

Infliximab binds with high affinity to the soluble and transmembrane forms of tumor 
necrosis factor a (TNFa), inhibiting binding of TNFa to its receptor.!*? Blocking 
the effect of TNFa, combined with other cardiovascular risk factors (such as 
diabetes, hypertension, and history of cardiovascular events) in patients with 
rheumatoid arthritis can cause HFrEF or HFpEF.!!* 
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NSAIDs AND COX-2 INHIBITORS 


NSAIDs are a chemically diverse group of compounds associated with a common 
mechanism of action, which is inhibition of the COX enzyme. In patients with heart 
failure, kidney homeostasis is maintained mostly by renal prostaglandin E, (PGE,). 
Inhibition of COX by NSAIDs disrupts kidney homeostasis and leads to sodium and 
water retention and exacerbation of symptoms of heart failure.8°!©° These drugs 
have also been reported to antagonize the actions of angiotensin-converting enzyme 
(ACE) inhibitors and diuretics.'!©? There appears to be little clinically important 
difference between these agents in terms of their potential to exacerbate symptoms 
of heart failure.!©-!©! The mechanism of sodium and fluid retention associated with 
COX-2 inhibitors is similar to that of NSAIDs.*”!°! 


p-BLOCKERS 


B-blockers reduce myocardial contractility through competitive antagonism of B1- 
receptors. B-blockers may initially exacerbate heart failure, especially if initiated 
at a high dose or with rapid dose increases. However, during chronic therapy, 
carvedilol, metoprolol, and bisoprolol have been shown to improve LVEF and to 
reduce the incidence of HFrEF hospitalization and mortality.!4°!4* Several 
mechanisms have been postulated to explain the beneficial effect of B-blockers in 
heart failure, including reduction in long-term exposure to catecholamines; 
restoration of myocardial inotropic and chronotropic responsiveness; reduction in 
circulating plasma concentrations of vasoconstrictors such as norepinephrine, 
renin, and endothelin reduction in myocardial gene production of inflammatory 
cytokines; attenuation of left ventricular remodeling; and reduction in the frequency 
of ventricular premature beats and incidence of sudden cardiac death.!” 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The clinical presentation of patients with drug-induced heart failure is not different 
from that from other causes. Symptoms may occur gradually following initiation of 
a culprit drug. Signs and symptoms associated with drug-induced heart failure are 
presented in Table 24-4. 


The differential diagnosis of drug-induced versus other causes of heart failure 
or exacerbation of heart failure symptoms may be difficult to distinguish from other 
common precipitants, such as sodium and fluid excess, ischemia, poor adherence to 
medical therapy, uncontrolled hypertension, arrhythmias (especially atrial 
fibrillation), systemic infections, impairment in kidney function, anemia, 
thyrotoxicosis, ethanol ingestion, pulmonary embolism, and _ respiratory 
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insufficiency (Table 24-5).°'!'7-!!7 Tn general, a temporal sequence of 
administration of a new potentially offending agent (or dose increase) with 
increasing symptoms of heart failure heightens the suspicion of a drug-induced 
cause. 


For most drugs that induce heart failure, worsening symptoms of heart failure 
begin shortly (within days) after initiation of therapy with the drug or increasing the 
dose. For those drugs causing fluid retention, plasma volume expansion may take 
several days to manifest in symptoms of dyspnea. 


Table 24-4 Signs and Symptoms Associated with Drug-Induced 


Heart Failure 


* Abdominal pain 

* Ascites 

* Bloating 

* Cough 

¢ Diminishing cognitive function (especially in older patients) 
* Dyspnea 

* Fatigue 

* Gallop rhythm 

¢ Hemoptysis 

* Hepatojugular reflux 

* Hepatomegaly 

¢ Jugular venous distention 
¢ Nausea 

* Nocturia 

* Orthopnea 

* Paroxysmal nocturnal dyspnea 
* Peripheral edema 

* Pleural effusion 

* Pulmonary edema 

* Rales 

¢ Third heart sound (S3) 

° Weakness 





Table 24-5 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Heart Failure 





* Anemia 

¢ Arrhythmias (especially atrial fibrillation) 

¢ Hypertensive emergency 

¢ Impairment in kidney function 

¢ Myocardial ischemia/infarction 

* New onset heart failure (nondrug-induced) 
¢ Pulmonary embolism 

* Respiratory insufficiency 

* Sodium and fluid excess 
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¢ Systemic infections 

* Thyrotoxicosis 

* Uncontrolled hypertension 
* Valve disease 


RISK FACTORS 


Risk factors for drug-induced heart failure are presented in Table 24-6. The most 
important risk factor for the development of drug-induced heart failure is pre- 
existing symptomatic or asymptomatic left ventricular dysfunction.’ In general, 
older patients are more susceptible to drug-induced diseases; whether this factor 
applies to drug-induced heart failure is not known. 


ANTIHYPERGLYCEMIC AGENTS 
GLITAZONES 


In their review of 111 consecutive patients with diabetes and systolic heart failure 
treated with a glitazone, Tang et al.°> noted upon univariate analyses that females 
and insulin users were at increased risk of fluid retention. Interestingly, these 
authors found no association between baseline severity of heart failure and the 
occurrence of fluid retention. Risk factors for glitazone-induced heart failure, 
including those described by the American Heart Association/American Diabetes 
Association consensus statement, are presented in Table 24-6.~° 


DPP-4 INHIBITORS 


To be eligible to take part in the published cardiovascular safety trials of DPP-4 
inhibitors, patients had to be at high risk for cardiovascular events, including acute 
coronary syndrome, clinical events associated with atherosclerosis (age 40 years 
or over) and dyslipidemia, or hypertension or smoking combined with age 55 years 
or older (males) or 60 years or older (females).!?7!*4 Pre-existing heart failure 
was the predominant risk factor for the development of heart failure associated 
with DPP4-inhibitors. !?2"!*4 


ANTIARRHYTHMIC AGENTS 


As with most other heart failure—inducing agents, the predominant risk factor for the 
development of antiarrhythmic-induced HFrEF is pre-existing left ventricular 
dysfunction.”? Unfortunately, patients with HFrEF are also at high risk for sudden 
cardiac death. Risk versus benefit evaluation is extremely important in this patient 
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population as many antiarrhythmic agents worsen heart failure symptoms. 
Amiodarone, dofetilide, and ibutilide are the antiarrythmic agents that are 


associated with minimal effects on myocardial contractility. °° 





Table 24-6 Risk Factors for Drug-Induced Heart Failure 


Antiarrhythmic agents 
* Pre-existing heart failure 


DPP-4 inhibitors 


¢ Pre-existing heart failure 


Glitazones 


* Pre-existing left ventricular dysfunction 
¢ History of myocardial infarction 

¢ History of symptomatic coronary artery disease 
¢ Hypertension 

* Left ventricular hypertrophy 

¢ Significant aortic or mitral valve disease 
« Advanced age (>70 years) 

* Long-standing diabetes (>10 years) 

* Pre-existing edema 

* Current treatment with loop diuretics 

* Development of edema or weight gain 
* Insulin coadministration 

* Chronic kidney disease 


Anthracyclines 


* Cumulative doxorubicin dose (=550 mg/m) 

¢ Three-week schedule of administration 

* Older age 

* Concomitant cardiac irradiation 

* Concomitant use of cyclophosphamide, amsacrine, fluorouracil, dactinomycin, mithramycin, mitomycin, or 
vincristine 

* Children: 

Higher cumulative dose 

Cardiac irradiation 

Age at treatment (<4 years) 


Maximal dose within 1 week (>45 mg/m) 

Time since treatment (within 1 week of treatment) 
Use of daunorubicin (as opposed to doxorubicin) 
Amsacrine 

Black race 

Female sex 

Trisomy 21 


oooo0cClmUmWmUmUCOOUUCOUCUCOUCOOUUCUCO 


Biologic agents 
¢ Older age 
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¢ Higher body-mass index 

* Antihypertensive therapy 

¢ Lower pretrastuzumab left ventricular ejection fraction 
* Concurrent anthracycline use 

* Cumulative anthracycline dose 

* Concurrent taxanes and capecitabine 

¢ Pre-existing rheumatoid arthritis 

¢ History of coronary heart disease 


DPP = dipeptidyl peptidase. 


ANTHRACYCLINES 


Risk factors for anthracycline-induced HFrEF have been well-described (Table 24- 
6).2.22,152,153 Von Hoff et al.?° reported an increasing risk of heart failure associated 
with increasing cumulative doses of doxorubicin. The schedule of administration 
also appears to influence the risk of doxorubicin-induced heart failure; weekly 
doses were associated with a significantly lower incidence of HFrEF as compared 
with larger doses on a 3-week schedule (single dose repeated every 3 weeks or 
three consecutive daily doses repeated every 3 weeks).?? There is a general 
increase in the risk of development of doxorubicin-induced heart failure with 
increasing age. However, the incidence of doxorubicin-induced heart failure is 
higher in children (younger than 15 years of age) than in adults. All three of these 
risk factors (total dose, schedule of administration, and age) remained as 
independent predictors of the development of heart failure after multivariate 
analysis.*? The use of other antitumor therapies such as cardiac irradiation and 
specific antineoplastic agents may also increase the risk.!°? Risk factors for drug- 
induced heart failure in children receiving anthracycline therapy are also presented 
in Table 24-6. Kremer et al.?* determined that the multivariate risk factors were a 
maximal dose >45 mg/m within 1 week and the use of daunorubicin. 


BIOLOGIC AGENTS 


Risk factors for heart failure induced by biologic agents include older age, higher 
body-mass index,antihypertensive therapy, lower pretrastuzumab LVEF, concurrent 
anthracycline therapy, concomitant therapy with taxanes and capecitabine, 


cumulative anthracycline dose, rheumatoid arthritis, and history of coronary heart 
disease, 28:112.131,132,137,163,164 


MORBIDITY AND MORTALITY 


Mortality associated with heart failure is very high, with an annual mortality 
incidence of 5—10% in patients with mild disease and up to 30-40% in those with 
more advanced disease.* The incidence of in-hospital mortality associated with 
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heart failure is 3.5-15%.*° Moreover, about 20-50% of patients discharged alive 
from the hospital with heart failure are readmitted within the subsequent 6—12 
months,*!6> 


Specific data regarding the incidence of morbidity and mortality associated 
with drug-induced heart failure are scarce. Doxorubicin-induced heart failure 1s 
associated with a mortality rate between 30 and 60%.7°!>? Clearly, there is a need 
for more epidemiologic data to address the prognosis associated with drug-induced 
heart failure. 


PREVENTION 


Obviously, the best preventive measure is to avoid the offending agents (Table 24- 
7). Although this is not always possible, particular caution should be exercised in 
patients with pre-existing left ventricular dysfunction. 








Table 24-7 Approaches to Help Prevent Drug-Induced Heart 


Failure 


¢ Avoid potentially causative agents 
¢ Prevent anthracycline-induced cardiomyopathy with coenzyme Q10, carnitine, pretreatment with 
antihistamines, cromolyn sodium, probucol, or dexrazoxane (when the cumulative dose of doxorubicin 


reaches 300 mg/m) 


* Prevent B-blocker—induced heart failure by starting at low doses with slow careful titration of doses over 6— 
8 weeks 





Because of the high incidence of drug-induced heart failure, diltiazem, 
verapamil, disopyramide, flecainide, and propafenone should be considered 
contraindicated in patients with heart failure or asymptomatic left ventricular 
dysfunction (LVEF <0.40). As mentioned previously, felodipine and amlodipine are 
safer alternatives in patients with heart failure, as compared with 
nondihydropyridine calcium-channel blockers or nifedipine. In general, patients 
with diabetes and heart failure should be treated in a similar manner to those 
without heart failure, with the exception that diabetes-related comorbidities may 
influence drug doses and monitoring of therapy. Alternatives to glitazones for 
blood-glucose control include insulin secretagogues (e.g. sulfonylureas, 
meglitinides), metformin (in those with an estimated glomerular filtration rate >30 
mL/min), o-glucosidase inhibitors, incretin agents, and insulin.!©°!°’ To date, DPP- 
4 inhibitors are the most studied class of diabetes medications.!® Overall, these 
agents do not increase the risk of cardiovascular death, stroke, or myocardial 


infarction,but their association with the risk of heart failure remains uncertain, !7°!® 
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More well-powered studies are required to determine this relationship.!°* The 
Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus 
Patients (EMPA-REG Outcomes) study investigators compared the effect of 
empagliflozin and placebo on cardiovascular morbidity and mortality in adults with 
type 2 diabetes and established cardiovascular disease.!°? They reported lower 
rates of death from cardiovascular causes, nonfatal myocardial infarction, or 
nonfatal stroke in the empagliflozin group when compared to placebo (HR 0.86, 
95% CI 0.74—0.99, p <0.001). They also reported less hospitalization for heart 
failure in the empagliflozin group (HR 0.65, 95% CI 0.50—0.85, p = 0.002).!° 


A number of agents have been suggested for reducing the incidence of 
anthracycline-induced cardiomyopathy including coenzyme QI10, carnitine, 
pretreatment with antihistamines, antiadrenergics, cromolyn sodium, probucol, 
dexrazoxane, N-acetylcysteine, vitamin E, amifostine, carvedilol, ACE inhibitors, 
vitamin A, vitamin C, selenium and glutathione. !>7:!7-!7! Dexrazoxane (60-900 
mg/m? with 60 mg/nY of doxorubicin or 500 mg/m? with 50 mg/m” of doxorubicin) 
is indicated for reduction of the incidence and severity of cardiomyopathy 
associated with doxorubicin in women with breast cancer who received a 
cumulative dose of 300 mg/m’ and who would benefit from further doxorubicin 
administration.!°? Dexrazoxane is not indicated for use during the initiation of 
therapy with doxorubicin. Other potential strategies to limit anthracycline toxicity 
include limiting the cumulative dose of anthracycline, replacing bolus 
administration with slow infusion, and using liposomal anthracyclines in place of 
traditional formulations. 


Depending on the indication, several alternatives to NSAIDs or COX-2 
inhibitors exist. For example, for the treatment of osteoarthritis in the presence of 
heart failure, nonpharmacologic (e.g., physical therapy), traditional pharmacologic 
(e.g., acetaminophen, intraarticular steroid injections), and nontraditional 
pharmacologic (e.g., glucosamine) therapies may be preferable. It has been 
reported that if administered in low doses for a short period of time, 
nonprescription NSAIDs may be associated with much lower risk of adverse 
events and drug—drug interactions.!’*!”? In patients initiated on B-blockers for heart 
failure, starting therapy at low doses with slow and careful titration over 6-8 
weeks or more will help to minimize the likelihood of an exacerbation of 
HFrEF.!?)! 


Excessive alcohol consumption is associated with cardiomyopathy.!’* The 
mechanism of this change is not well understood but reduced myocardial 
contractility has been suggested as one of the main causes.!’> Individuals who 
consume excessive amounts of alcohol were at higher risk for developing heart 


failure when compared to those who do not drink alcohol.!’° It has been reported 
that low-to-moderate alcohol consumption is associated with reduced risk of heart 
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failure, but due to the lack of a high-level evidence, more studies are required to 
understand this relationship. !7’ 


MANAGEMENT 


The management of drug-induced new-onset heart failure and acute exacerbations 
of heart failure symptoms includes aggressive diuresis and general supportive 
care.!!”8 Following discontinuation of therapy with the offending agent, 
management of drug-induced heart failure exacerbations 1s the same as the usual 
management of heart failure. Generally, recovery of the myocardium is related to 
the elimination half-life of the offending agent (the exception is doxorubicin, with 
an average onset of recovery of 30 days after the last dose).?? Reduction or 
abstinence from alcohol consumption was associated with improvement in cardiac 
function in patients with alcoholic cardiomyopathy.'’”? After the acute event, 
clinicians should be vigilant in ensuring that all patients with heart failure are 
receiving all efficacious therapies (and at target doses), including ACE inhibitors 
or angiotensin receptor blockers, neprilysin inhibitors, B-blockers, and, in selected 
patients, spironolactone or digoxin or both.!? Traditional NSAID and COX-2 
inhibitor—induced heart failure is a particularly vexing clinical problem, as many 
patients with heart failure have osteoarthritis and gout, which negatively impact 
quality of life, and these patients could otherwise benefit from these therapies. In 
these situations, alternative nonpharmacologic and pharmacologic therapies (e.g., 
acetaminophen) may be preferable. Rechallenge with drugs that have induced or 
exacerbated heart failure is generally not recommended. 


The high prevalence of heart failure and the clinical fragility of such patients 
suggest that pharmacists’ close monitoring can have a great impact. In a systematic 
review of 12 randomized trials that included 2,060 patients, the addition of a 
pharmacist to the heart failure team resulted in a 31% reduction in heart failure 
hospitalizations. !*®° Pharmacists can identify patients at risk for drug-induced heart 
failure, identify drug-induced causes of exacerbations of symptoms of heart failure, 
guide treatment choices to avoid agents that could exacerbate heart failure, institute 
appropriate preventive measures when necessary, counsel patients with heart 
failure on the use of nonprescription medications, and ensure that patients are 
receiving all proven efficacious therapies for heart failure (ACE inhibitors, 
neprilysin inhibitors, B-blockers, spironolactone, digoxin) at target doses. 


INFORMATION FOR PATIENTS 


When the use of a potentially offending agent is unavoidable in patients with 
HFrEF, patients should be alerted to the signs and symptoms of heart failure. Early 
detection and treatment of drug-induced heart failure may prevent hospitalization or 
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death. Healthcare personnel should be alerted if the patient develops any of the 
following: shortness of breath, loss of appetite, rapid weight gain, swelling in 
lower limbs, abdominal swelling and/or pain, frequent dry hacking cough, 
increased fatigue with less effort, or difficulty falling asleep.'*!!*? This is 
particularly important in light of studies that have shown that even in patients with 
long-standing heart failure, knowledge of signs and symptoms is very poor.!**.!84 
All patients with heart failure should be alerted to the dangers of nonprescription 
therapies such as NSAIDs,  licorice-containing herbal remedies, and 
sympathomimetics such as those in cough and cold preparations. Patients with heart 
failure should consult their physician or pharmacist prior to initiating therapy with 
any new medications, including nonprescription and herbal remedies. Education of 
patients and their families and friends is very important to improve patients’ 
recognition of early warning symptoms and signs, ensure early intervention before 
acute heart failure deterioration, and avoidance of exacerbations of drug-induced 
heart failure. In addition, patients should weigh themselves daily to track changes in 
body weight that might be indicative of fluid retention (>1 kg/day). In certain 
situations, patients may be taught how to adjust their diuretic dose based on these 
changes in body weight and symptoms. 
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Ventricular Arrhythmias 


James E. Tisdale 


Drugs may induce potentially life-threatening ventricular arrhythmias. Drug- 
induced ventricular arrhythmias can be divided into three categories: monomorphic 
ventricular tachycardia, the polymorphic ventricular tachycardia known as torsades 
de pointes (TdP), and drug-induced Brugada syndrome. 


MONOMORPHIC VENTRICULAR TACHYCARDIA 





CAUSATIVE AGENTS 


Drugs that have been reported to cause or exacerbate monomorphic ventricular 
tachycardia are listed in Table 25-1.'"!”” Any of the drugs listed may cause new 
monomorphic ventricular tachycardia. Incessant, sinusoidal-appearing ventricular 
tachycardia is most often associated with the potent sodium-channel blocking 
agents belonging to the Vaughan Williams antiarrhythmic class IC (e.g., flecainide, 
propafenone), although it has also been reported in association with amiodarone. 
Nonsustained and sustained ventricular tachycardia have been widely reported in 
association with dobutamine during stress echocardiography. Although ventricular 
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arrhythmias are a known risk associated with stress echocardiography, the 
incidence of ventricular tachycardia associated with dobutamine _ stress 
echocardiography is significantly higher than that associated with exercise stress 
echocardiography. ’””? 


EPIDEMIOLOGY 


Although the overall incidence of drug-induced ventricular tachycardia is not 
known, the incidences associated with some specific drugs have been reported 
(Table 25-1). Ventricular tachycardia is recognized as a consequence of digoxin 
toxicity.*+>° The incidence of ventricular tachycardia in patients taking digoxin is 
unknown. However, in an analysis of patients discharged from a major urban 
medical center with the diagnosis of digoxin intoxication, 7% had “definite” 
ventricular tachycardia.*» 


Table 25-1 Agents Implicated in Drug-Induced Monomorphic 
Ventricular Tachycardia 









Drug Incidence Level of Evidence* 





Aconite alkaloids 1-8 NK C 
Acetylsalicylic acid9,b C 
Adenosine 10-16 B 
Amiodarone 17,18 NK C 
Arsenic trioxide 19 NK C 
Bupropion20 NK C 
Bupivacaine2 1-25 C 
Chlorpromazine26 NK C 
Citalopram27,b NK C 
Cocaine28-30 NK B 
Desipramine31-33,b NK G: 
Dipyridamole39-41 B 
Dobutamine4 I 43-85 A 
Ephedrine86,87 NK C 
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Flecainide88- 122 0-13% A 
Gingko biloba 123 Cc 
Ibutilide 124-131 A 
Imipramine 132 NK C 
Lacosamide 133 NK C 
Lamotrigine 134 C 
Levosimendan135,136 NK A 
Lithium 137,d NK C 
Methamphetamine 138 NK C 
Milrinone44,139-142 B 
Procainamide 144 C 
Propafenone 145-158 B 
Ropivacaine 159,160 C 
Terbutaline 162-164 A 
Theophylline 164-174 NK B 
Thioridazine32 NK C 
Trazodone 175,176 NK C 
Venlafaxine 134,177,b C 





Z 
| 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


bPrimarily in overdose. 

cReported as high as 29% in patients with severe heart failure. 

dChronic toxicity. 

e15% incidence reported in patients with a history of ventricular arrhythmias. 


MECHANISMS 


Mechanisms of drug-induced monomorphic ventricular tachycardia vary depending 
on the causative agent(s) (Table 25-2). Many of the drugs that cause monomorphic 
ventricular tachycardia (e.g., amiodarone, chlorpromazine, disopyramide, 


957 


flecainide, imipramine, procainamide, propafenone) do so as a result of potent 
inhibition of myocardial sodium channels, leading to a reduction in ventricular 
conduction velocity.°* This changes the relationship between ventricular 
conduction velocity and ventricular refractoriness, which may promote the 
manifestation of re-entrant circuits in ventricular tissue. These drugs may 
particularly perturb the relationship between ventricular conduction velocity and 
refractoriness in patients with a history of myocardial infarction in whom alteration 
of electrophysiologic characteristics has already occurred in the border zone of the 
infarcted tissue. This is also an important proarrhythmic effect in patients with heart 
failure with reduced ejection fraction (HFrEF), in whom ventricular 
electrophysiology is altered as a result of left ventricular hypertrophy and 
accumulation of connective tissue in the left ventricle. In particular, potent sodium- 
channel inhibition caused by Vaughan Williams class IC antiarrhythmic agents (e.g., 
flecainide, propafenone) can lead to incessant, sinusoidal ventricular 
tachycardia. !7°.!79 


Table 25-2 Mechanisms of Drug-Induced Monomorphic 


Ventricular Tachycardia 





Drug Mechanism 


Aconite alkaloids Activate myocardial sodium channels, increasing permeability to sodium and 
increasing ventricular automaticity 


Adenosine Enhanced activity of the sympathetic nervous system, via increased arterial 
chemoreceptor and baroreceptor activity 


Myocardial ischemia due to coronary steal 


Amiodarone Inhibition of sodium-channel conductance 
Bupivacaine 

Chlorpromazine 

Desipramine 

Disopyramide 

Flecainide 

Imipramine 

Procainamide 

Propafenone 

Ropivacaine 


Digoxin Inhibition of the sodium—potassium—adenosine triphosphatase pump, leading to 
increased intracellular calcium concentrations, resulting in afterdepolarizations 
and ventricular ectopic activity 


Dobutamine Stimulation of B-receptors, leading to ventricular ectopic activity 
Terbutaline 
Theophylline Phosphodiesterase inhibition, leading to elevated concentrations of cyclic adenosine 


monophosphate, causing increased intracellular calctum concentrations, resulting 
in afterdepolarizations and ventricular ectopic activity 
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Ibutilide Unknown 
Sotalol 

Trazodone 

Venlafaxine 





In contrast to sodium inhibition, aconite alkaloids provoke ventricular 
tachycardia via activation of myocardial sodium channels and increasing 
permeability to sodium conductance, delaying ventricular repolarization and 
increasing ventricular automaticity.'®°!8! Adenosine may cause monomorphic 
ventricular tachycardia as a result of enhancement of arterial chemoreceptor and 
baroreceptor activity, leading to increased activity of the sympathetic nervous 
system or due to inducing myocardial ischemia as a result of “coronary steal,” or 
both.!°!8* Digoxin-induced ventricular tachycardia, which is usually a 
manifestation of serum concentrations that are markedly elevated above the 
therapeutic range, occurs as a result of profound inhibition of the sodium- 
potassium—adenosine triphosphatase pump, leading to marked increases in 
intramyocyte calcium concentrations, provoking afterdepolarizations and 
ventricular ectopic activity.!®? Like that associated with adenosine, ventricular 
tachycardia induced by dipyridamole occurs as a result of induced myocardial 
ischemia due to the phenomenon of “coronary steal.” 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Whether drug-induced or due to other causes, monomorphic ventricular tachycardia 
is defined as a series of consecutive ventricular premature depolarizations and is 
characterized by wide, misshapen QRS complexes on an electrocardiogram (ECG), 
with a heart rate >100 bpm, and sometimes as high as 150—250 bpm (Figure 25-1). 
As indicated by the term monomorphic, QRS complexes possess similar beat-to- 
beat morphologic characteristics. Potent sodium channel-blocking drugs may also 
cause an often incessant ventricular tachycardia characterized by wide QRS 
complexes with a sinusoidal appearance. This incessant, sinusoidal ventricular 
tachycardia is often slower than typical spontaneous ventricular tachycardia but 


occasionally can be quite rapid.” 
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FIGURE 25-1 Monomorphic Ventricular Tachycardia Associated with Weight 
Loss Pills Containing Caffeine and Ephedrine 


Source: Reproduced from Pareek M, Hansson NH, Grove EL. Ventricular tachycardia induced by weight loss 
pills. Case Rep Med. 2013; 2013:712383. 


Drug-induced monomorphic ventricular tachycardia may be nonsustained or 
sustained. Nonsustained ventricular tachycardia is defined as at least three 
consecutive beats of ventricular tachycardia, lasting <30 seconds and terminating 
spontaneously. Sustained ventricular tachycardia lasts >30 seconds and requires 
intervention for termination. Sinusoidal-appearing ventricular tachycardia is often 
sustained and is more likely to be incessant and refractory to overdrive pacing or 
direct current cardioversion than other monomorphic ventricular tachycardias. 
Occasionally, sinusoidal-appearing ventricular tachycardia is characterized by 
frequent nonsustained episodes that terminate spontaneously but quickly recur.” 


Drugs may cause new ventricular tachycardia in patients who did not 
previously have this arrhythmia or may aggravate or worsen an underlying 
ventricular tachycardia. For example, specific drugs may increase the rate of a 
patient’s pre-existing ventricular tachycardia, make it more symptomatic, more 
difficult to terminate, or both.!/? The symptoms of drug-induced ventricular 
tachycardia are related to heart rate and the resultant effect on blood pressure and 
cardiac output (Table 25-3). However, in some patients, the initial symptom of 
drug-induced ventricular tachycardia may be sudden cardiac death as a result of 
rapid degeneration of ventricular tachycardia to ventricular fibrillation. 
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Table 25-3 Signs and Symptoms Associated with Drug-Induced 





Monomorphic Ventricular Tachycardia 


* Chest pain (in patients with underlying coronary artery disease) 
¢ Dizziness 

* Hypotension 

¢ Lightheadedness 

* Monomorphic ventricular tachycardia on electrocardiogram 
¢ Near-syncope 

* Palpitations 

¢ Seizures (due to cerebral hypoxia) 

¢ Shortness of breath 

¢ Sinusoidal ventricular tachycardia on electrocardiogram 

¢ Sudden cardiac death (if ventricular tachycardia is pulseless) 
* Syncope 

* Tachycardia 


The time from drug therapy initiation to the development of drug-induced 
monomorphic ventricular tachycardia 1s somewhat variable. In cases of drug 
overdose or elevated plasma drug concentrations during therapy, the arrhythmia 
may develop within a few minutes to several hours after the ingestion or the plasma 
concentration elevation. The majority of cases of drug-induced monomorphic 
ventricular tachycardia occur within hours to days after the initiation of therapy. 


Table 25-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Monomorphic Ventricular Tachycardia 


* Atrial fibrillation 

* Atrial flutter 

¢ Atrial tachycardia 

¢ Atrioventricular nodal re-entrant tachycardia 
¢ Idioventricular tachycardia 

* Junctional tachycardia 

* Non-TdP polymorphic ventricular tachycardia 
¢ Sinus tachycardia 

* TdP 


TdP = torsades de pointes. 


Table 25-5 Differentiation of Drug-Induced Monomorphic 


Ventricular Tachycardia from Nondrug-Induced Ventricular 
Tachycardia 





In patient with no history of VT 


¢« New VT on drug therapy (VT not present before drug therapy) 
* No obvious underlying cause for new VT, such as: 
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Ischemic heart disease 
Heart failure 
Hypokalemia 
Hypomagnesemia 


In patient with history of VT 


VT on drug therapy: 

o Has a different morphology than patient’s previous clinical VT 

Is substantially faster than patient’s previous clinical VT 

Is sustained, whereas patient previously had only nonsustained VT 
Is sinusoidal 

Is more difficult to terminate than patient’s previous clinical VT 


oo0 8 


) 
) 
) 
) 
VT = ventricular tachycardia. 


Drug-induced monomorphic ventricular tachycardia must be differentiated from 
other tachycardias (Table 25-4). Further, drug-induced monomorphic ventricular 
tachycardia must be distinguished from spontaneously occurring nondrug-induced 
ventricular tachycardia (Table 25-5). Diagnosis of drug-induced ventricular 
tachycardia is usually based on the occurrence of a new ventricular tachycardia ina 
patient with no history of ventricular tachycardia before the initiation of drug 
therapy. In addition, drug-induced ventricular tachycardia may be diagnosed in a 
patient with a history of nondrug-induced ventricular tachycardia if the morphology 
of the ventricular tachycardia that develops after the initiation of drug therapy 
differs from that of the ventricular tachycardia that occurred in the absence of drug 
therapy. The occurrence of incessant sinusoidal ventricular tachycardia may be 
considered a drug-induced arrhythmia, as this form of ventricular tachycardia has 
not been described in the absence of drug therapy and is not typical of ventricular 
tachycardia occurring as a result of myocardial infarction, acute coronary ischemia, 
left ventricular dysfunction, or other common causes of ventricular tachycardia. 
Drug-induced ventricular tachycardia may also be diagnosed if a patient’s 
underlying ventricular tachycardia becomes more rapid, more symptomatic, more 
difficult to terminate after the initiation of therapy with a new drug, or some 
combination of these factors. 


RISK FACTORS 


Structural heart disease, particularly a history of myocardial infarction or coronary 
artery disease even without a history of myocardial infarction, is a major risk factor 
for ventricular tachycardia induced by potent sodium channel-blocking agents such 
as flecainide or propafenone (Table 25-6).!*4 The Cardiac Arrhythmia Suppression 
Trial!®> was designed to test the hypothesis that suppression of asymptomatic 
ventricular ectopic activity after a myocardial infarction reduces the incidence of 
postinfarction mortality. In CAST, patients who had experienced a myocardial 
infarction within the previous | week to 6 months were recruited to enter a run-in 
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study phase in which the efficacy of flecainide, encainide, and moricizine 
(encainide and moricizine are no longer available in the United States) were tested 
to determine the efficacy of each agent for the suppression of ventricular ectopic 
activity. Patients in whom one of these drugs was effective for the suppression of 
ventricular ectopic activity were then randomly assigned to the most effective (in 
that specific patient) of the three agents or placebo. 


Table 25-6 Risk Factors for Drug-Induced Monomorphic 





Ventricular Tachycardia 


* Coronary artery disease 

¢ HFrEF 

¢ History of arrhythmias (risk factor for dobutamine-induced ventricular tachycardia) 

¢ History of ventricular arrhythmias may be a risk factor for terbutaline-induced ventricular tachycardia 

* Hypokalemia, hypomagnesemia, and hypercalcemia are risk factors for ventricular tachycardia associated 
with digoxin 

¢ Male sex (risk factor for dobutamine-induced ventricular tachycardia) 

* Recent myocardial infarction 
Serum digoxin concentrations >2 ng/mL 
Serum theophylline concentrations >20 mcg/mL 


HFrEF = heart failure with reduced ejection fraction. 


The flecainide and encainide arms of the study were discontinued prematurely 
as a result of excess mortality in the treatment group. The arrhythmic mortality 
incidence in the patients who received flecainide or encainide was more than three 
times higher than in the placebo group.!®° The moricizine arm of the study was 
continued but, like the flecainide and encainide arms of the original CAST trial, 
was subsequently discontinued because of an increased incidence of mortality in 
moricizine-treated patients during the first 2 weeks of treatment.!*° Active treatment 
with encainide or flecainide was associated with greater mortality than placebo in 
the majority of subgroups, but patients with non-Q-wave myocardial infarction and 
frequent premature ventricular complexes were at highest risk.'** As a result of the 
findings of CAST, flecainide is contraindicated in patients with a documented 
history of coronary artery disease. In addition, although propafenone was not 
included in CAST, as a Vaughan Williams class IC antiarrhythmic drug with potent 
sodium channel-blocking properties, it is also considered to be contraindicated in 
patients with a documented history of coronary artery disease, even though there 
are no studies specifically associating propafenone therapy with increasing 
mortality incidence. A subsequent meta-analysis of 138 randomized, controlled 
trials of antiarrhythmic agents that enrolled a total of approximately 98,000 patients 
with a history of myocardial infarction receiving the drugs for arrhythmia 
prophylaxis also reported an increased risk of mortality associated with the sodium 
channel-blocking antiarrhythmic agents from Vaughan Williams class IA (quinidine, 
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procainamide, disopyramide). Although the cause of death in these studies was not 
documented, proarrhythmia was believed to be the major cause.!®’ 

HFrEF is also likely a risk factor for drug-induced monomorphic ventricular 
tachycardia.'*® Some risk factors are drug-specific. For example, serum digoxin 
concentrations >2 ng/mL—particularly in patients with hypokalemia, 
hypomagnesemia, or hypercalcemia—is a risk factor for monomorphic ventricular 
tachycardia caused by digoxin. Serum theophylline concentrations >20 mcg/mL 
increase the risk of theophylline-induced monomorphic ventricular tachycardia.!”° 
Patients with a history of ventricular arrhythmias may be at higher risk for 
monomorphic ventricular tachycardia induced by terbutaline.'®> A history of 
complex ventricular ectopic activity, HFrEF, and multivessel coronary artery 
disease are risk factors for dobutamine-induced ventricular tachycardia in patients 
with a recent myocardial infarction.” 


MORBIDITY AND MORTALITY 


There is little published information regarding the impact of drug-induced 
monomorphic ventricular tachycardia on hospitalization or emergency department 
visits, but based on the symptoms associated with this disease, it seems likely that 
these could be consequences. Drug-induced monomorphic ventricular tachycardia 
may degenerate into ventricular fibrillation and cause sudden cardiac death. Potent 
sodium channel-blocking drugs in Vaughan Williams antiarrhythmic classes IA and 
IC have been shown to increase death due to arrhythmias in patients with a history 
of myocardial infarction. !*>-!8’ 


Nonsustained ventricular tachycardia associated with dobutamine during stress 
echocardiography may have prognostic significance in patients with HFrEF. 
Patients without inducible ischemia who had moderately reduced left ventricular 
ejection fraction (LVEF) (35-45%) who experienced nonsustained ventricular 
tachycardia during dobutamine stress echocardiography had a significantly lower 
incidence of survival compared to patients with LVEF >45% during a 3-year 
follow-up period.’ 

Death has been reported as a result of drug-induced incessant, sinusoidal 
ventricular tachycardia.'8? The incidence of mortality among patients who 
experience drug-induced ventricular tachycardia is unknown. 


Table 25-7 Prevention of Drug-Induced Monomorphic 





Ventricular Tachycardia 


* Appropriately adjust doses of digoxin, procainamide, and sotalol in patients with kidney disease 
¢ Avoid use of oral Vaughan Williams class IA (quinidine, disopyramide) or class IC (flecainide, propafenone) 
agents in patients with coronary artery disease 
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* Avoid use of disopyramide, flecainide, and propafenone in patients with HFrEF 

¢ Avoid concomitant use of hepatically metabolized drugs that may cause monomorphic ventricular 
tachycardia and drugs that inhibit the cytochrome P-450 enzyme system 

¢ Maintain serum digoxin concentrations <2 ng/mL 

¢ Maintain serum theophylline concentrations <20 mcg/mL 

¢ Maintain serum potassium concentrations within normal range 

¢ Maintain serum magnesium concentrations within normal range 


HFrEF = heart failure with reduced ejection fraction. 


PREVENTION 


The risk of drug-induced ventricular tachycardia may be minimized by avoiding the 
use of specific causative drugs in high-risk populations and by maintaining serum 
potassium and magnesium concentrations at >4 and >2 mEq/L, respectively (Table 
25-7). Flecainide and propafenone are contraindicated in patients with documented 
coronary artery disease. In addition, long-term use of oral quinidine and 
disopyramide should be avoided in patients with coronary artery disease. Drugs 
with substantial potential to impair myocardial contractility, including flecainide, 
disopyramide, procainamide, propafenone, and sotalol should be avoided in 
patients with HFrEF. In patients receiving digoxin, serum digoxin concentrations 
should be maintained at <2 ng/mL, and appropriate dose adjustment is necessary in 
patients with impaired digoxin clearance due to kidney disease. Similarly, patients 
receiving procainamide and, in particular, sotalol should undergo appropriate dose 
adjustment for kidney disease. Serum theophylline concentrations should be 
maintained at <20 mcg/mL. In patients undergoing dobutamine stress 
echocardiography, earlier administration of atropine (initiation prior to or at time 
of initiation of dobutamine) may be associated with a reduced risk of ventricular 
tachycardia compared with conventional timing of atropine administration (initiated 
near the end of the dobutamine infusion protocol).**.*4 


MANAGEMENT 


In patients with drug-induced monomorphic ventricular tachycardia, the causative 
agent should be discontinued (Figure 25-2). Hemodynamically unstable drug- 
induced ventricular tachycardia should be terminated using synchronized direct 
current cardioversion, starting at 100 J monophasic or biphasic shock, and 
increasing to 200, 300, and 360 J if necessary.!?-!°! Ventricular tachycardia is 
usually considered hemodynamically unstable if it results in acute impairment of 
vital organ function or cardiac arrest is ongoing or imminent.!8!.!62 
Hemodynamically stable drug-induced monomorphic ventricular tachycardia may 
be also be treated with synchronized direct current cardioversion, at the energy 
levels described above, with appropriate sedation prior to shock administration. !? 
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Alternatively, hemodynamically stable drug-induced monomorphic ventricular 
tachycardia may be treated initially with intravenous procainamide, unless 
procainamide is believed to be the causative agent.!?* Intravenous amiodarone or 
intravenous sotalol may be administered if hemodynamically stable monomorphic 
ventricular tachycardia is refractory to procainamide. !” 


Discontinue causative agent(s) 
Correct hypokalemia and/or hypomagnesemia 
If caused by digoxin, administer digoxin immune antibody fragments 


Hemodynamically unstable Hemodynamically stable 


DCC® DCC feasible 


DCC* —_—_—_—_——> IV Procainamide®” 


IV Amiodarone® 
or 
IV sotalol? 


FIGURE 25-2 Management of Drug-Induced Monomorphic Ventricular 
Tachycardia 


DCC = direct current cardioversion, [V = intravenous. 


2100 Joules (monophasic or biphasic). 
bi0-17 mg/kg continuous intravenous infusion at a rate of 20-50 mg/min. 192 
©150 mg intravenously over 10 minutes, followed by continuous intravenous infusion of 1 mg/min for 6 hours, 


followed by continuous intravenous infusion of 0.5 mg/min for 18 hours. 192 


d75 mg every 12 hours. 192 
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Incessant sinusoidal ventricular tachycardia is sometimes resistant to direct 
current cardioversion or overdrive pacing and is often resistant to antiarrhythmic 
drugs such as procainamide.!°* However, flecainide-induced incessant sinusoidal 
ventricular tachycardia has been successfully treated with intravenous lidocaine. !°7 
Flecainide-induced sinusoidal ventricular tachycardia has also been successfully 
treated using high-dose intravenous amiodarone.!°° Intravenous lipid emulsion has 
been used successfully for management of ventricular tachycardia associated with 
bupivacaine and local anesthetics.227°.!99.1%4 


INFORMATION FOR PATIENTS 


Patients who are taking drugs that may cause ventricular tachycardia should be told 
that the medication may, in rare cases, cause the heart rate (pulse) to become faster. 
Patients should be instructed to consult their pharmacist or physician if their heart 
rate increases to above 100-120 bpm or if they feel palpitations, lightheaded, 
dizzy, tired, weak, short of breath or experience chest pain. 


TORSADES DE POINTES 


TdP is a potentially life-threatening ventricular tachyarrhythmia associated with 
prolongation of the heart rate-corrected QT (QTc) interval.!?>!°° QTe interval 
prolongation and TdP may be congenital or acquired. Acquired TdP is most often 
caused by drugs.!°” 


CAUSATIVE AGENTS 


Drugs that have been reported to cause TdP are presented in Table 25- 
Up-to-date lists of drugs associated with TdP may be found at 
https://crediblemeds.org/index.php/login/dlcheck, a website maintained by the 
Arizona Center for Education and Research on Therapeutics.!°’ This site 
categorizes QTc interval-prolonging drugs according to whether they are associated 
with a known risk, possible risk, or conditional risk of TdP. Known risk includes 
those drugs for which “substantial evidence supports the conclusion that these drugs 
prolong the QT interval AND are clearly associated with a risk of TdP, even when 
taken as directed in official labeling.”!°’ Possible risk includes those drugs for 
which “substantial evidence supports the conclusion that these drugs can cause QT 
prolongation BUT there is insufficient evidence at this time that these drugs, when 
used as directed in official labeling, are associated with a risk of causing TdP.”!%” 
Conditional risk includes those drugs for which “substantial evidence supports the 
conclusion that these drugs are associated with a risk of TdP BUT only under 


8 26,197-670 
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certain conditions (e.g., excessive dose, hypokalemia, congenital long QT or by 
interaction that results 


prolongation).”!?’ Drugs associated with a risk of TdP are categorized in Table 25- 


causing a _ drug—drug 


8 based on these definitions. 


Table 25-8 Agents Implicated in Drug-Induced Torsades de 
Pointes 





Incidence 


KNOWN RISK OF TORSADES DE POINTES197 


Amiodarone 198-250 

Arsenic trioxide25 1-257 
Azithromycin24 1 258-264 
Chloroquine265 
Chlorpromazine26,266 
Ciprofloxacin24 1 ,270,267-275 
Cisapride276-285 
Citalopram24 1 ,244,286-294 
Clarithromycin241 ,250,259,277,28 1295-303 
Cocaine304-308 
Disopyramide 198,24 1,296,298,309-321 
Dofetilide24 1 322-338 
Domperidone339,340 
Donepezil241,341-343 
Dronedarone248,344 
Droperidol345-349 
Erythromycin259,284,350-372 
Escitalopram373 
Flecainide205,239,241,374-382 
Fluconazole24 1 ,372,383-395 
Gatifloxacin267,396,397 
Halofantrine398,399 


Haloperidol241,400-414 
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in excessive QT 





Level of Evidence* 


Ibogaine415,416 


Ibutilide 123-125,127,131,218,417-427 


Levofloxacin236,241 ,267,387,393,428-433 


Levomepromazine434 
Methadone?241,308,337,435-472 
Moxifloxacin24 1,267,394,473-477 
Ondansetron478,479 
Oxaliplatin480-482 
Papaverine483,484 
Pentamidine485-501 
Pimozide299,502 

Procainamide 199,503-509 


Propofol510-512 


Quinidine 199,209,215,311,369,513-528 


Roxithromycin529-531 


Sevoflurane394,532-535 


Sotalol239,24 1,330,337,509,524,536-580 


Sparfloxacin58 1,582 
Sulpiride583-585 
Terlipressin586,587 
Thioridazine5S88-602 
Vandetanib603,604 
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Aripiprazole605 
Buprenorphine606 
Clozapine607,608 
Dolasetron609 
Efavirenz610 
Famotidine241,611 
Imipramine 199,f 
Ofloxacin267 


Pipamperone612 
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Risperidone90,613-616 
Solifenacin617,618 
Tacrolimus6 19,620 


Vorinostat621 








CONDITIONAL RISK OF TORSADES DE POINTES197 


Amantadine622-624 
Amisulpride625-629 
Amitriptyline383,630 
Atazanavir63 | 

Chloral hydrate632,633 
Diphenhydramine634,f 
Doxepin241,635,636 
Fluoxetine241,293,637-639 
Hydroxychloroquine640 
Hydroxyzine641 
Indapamide241,642-644 
Itraconazole645 
Ivabradine263,646 
Ketoconazole647 
Lansoprazole321 
Loperamide648-652 
Metoclopramide653,654 
Metronidazole23 1,393,655 
Nelfinavir393 
Olanzapine656 
Pantoprazole657 
Posaconzaole393,658 
Quetiapine241,659 
Quinine660,661 
Ranolazine337,646 
Trazodone235,662,663 
Voriconazole337,393,461,664-668 
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Ziprasidone24 | ,623,669,670 NK B 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence was 0.97% of patients taking azithromycin who had QTc interval >450 msec, not 0.97% of all 


patients taking the drug. 
cIncidence varies depending on the presence or absence of heart failure with reduced ejection fraction and 


whether or not dose is adjusted appropriately in patients with kidney disease. The incidence is as high as 10% 
when proper dose adjustment is not performed. 
dIntravenous haloperidol in critically ill patients. 


eIncidence depends on whether or not drug dose is adjusted appropriately in patients with kidney disease. 


fIn overdose. 


EPIDEMIOLOGY 


The incidence of drug-induced TdP in the general population is unknown. An 
attempt was made to determine the overall incidence of drug-induced ventricular 
proarrhythmia in a study conducted by the Swedish Medical Products Agency.°/! 
This study was conducted over a period of 28 days in 32 hospitals, with a 
reference population of approximately 4.2 million people. All episodes of 
ventricular arrhythmias that were encountered during admission to the hospital or 
that were tracked by ambulatory ECG recordings in the hospitals and that were 
considered to be associated with drugs were recorded. Fourteen cases of medium 
or high confidence TdP were recorded. This corresponded to an incidence of 3.3 
cases per million during the 28-day period of the study, which was annualized to an 
incidence of 4 cases per 100,000 people annually.°”’ This study was very small and 
of very short duration. Nonetheless, if this incidence could be extrapolated to the 
U.S. population, it would correspond to nearly 13,000 cases of drug-induced TdP 
annually. However, a more recent study conducted in Berlin estimated the annual 
incidence of drug-induced long QT syndrome (LQTS)/TdP in that city to be 2.5 per 
million in men and 4 per million in women.°” Extrapolation of those estimates to 
the U.S. population suggests a lower incidence of drug-induced LQTS/TdP, about 
400 cases annually in men and 660 cases per women, for an annual number of about 
1,060 cases. 


In another study conducted in Sweden, reports to the Swedish adverse drug 
reaction reporting system between 1991 and 2006 were analyzed.°/? Of 61,788 
reported adverse drug reactions, 101 were drug-induced TdP. In a population- 
based study conducted in southwest France, drug-induced TdP was estimated to 
comprise 5—7% of all cases of ventricular tachycardia, ventricular fibrillation, or 
sudden cardiac death.°’* These studies did not attempt to determine the overall 
incidence of drug-induced TdP in the population. The actual incidence of drug- 
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induced TdP in the United States remains unknown and requires further study. The 
incidence of TdP associated with specific agents is presented in Table 25-8. 

QTc interval prolongation is common among hospitalized patients, particularly 
those in intensive care units (ICUs). In a study conducted in 900 consecutive 
patients admitted to two cardiac ICUs at a large academic medical center, QTc 
interval prolongation was present in 28% of patients on admission, and 18% had a 
QTe interval >500 msec.°” Of these, 35% and 42%, respectively, were 
subsequently prescribed QT interval—prolonging drugs, despite being admitted with 
QTc interval prolongation.°” In another investigation, 24% of patients in adult ICU 
and progressive care units developed QTe interval prolongation.°” In a 
prospective cohort study of patients admitted to a mixed medical-surgical ICU, 
52% had a QTc interval >500 msec during the ICU stay.°’’ The prevalence of QTc 
interval prolongation among patients in an emergency department was 35% (95% 
CI 32-37%), with 8% of patients having a QTc interval>500 msec.°”8 


The incidence of TdP in hospitalized patients has not been widely studied. 
Pickham et al. reported one case of TdP among 154 patients (0.6%) in adult ICUs 
and progressive care units during a 2-month period, representing | of 16 cardiac 


arrests (6%) in these units.°”° 


MECHANISMS 


TdP occurs in the setting of prolongation of ventricular repolarization resulting in 
lengthening of ventricular action potential duration, which is manifested as 
prolongation of the QTc interval on the ECG.!9*!°°°” As a result of activation of 
inward depolarizing currents, action potential prolongation leads to increased 
susceptibility to early afterdepolarizations, which are manifested as depolarizing 
oscillations in membrane voltage during phase 2 or 3 of the action potential.!%° 
These early afterdepolarizations may result in triggered upstrokes, which, when 
occurring during the latter portion of phase 3 of the action potential, may initiate 
TdP via re-entry.°” 


Prolongation of ventricular repolarization and resulting action-potential 
duration lengthening may occur as a result of decreases in outward current or 
increases of inward current during the plateau or repolarization phase of the action 
potential (or both). Drugs induce TdP through inhibition of outward current through 
specific potassium channels, primarily the rapid component of the delayed rectifier 
potassium current (I,,), resulting in action potential prolongation.!”:!°°°”? Some 


drugs, such as ibutilide, also appear to prolong ventricular action potential in part 
through activation of slow sodium current during phase 2 of the action potential. It 
is believed that early afterdepolarizations that trigger TdP may be caused by 
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increased inward calcium current through calcium channels that become reactivated 
as a result of prolongation in action potential duration. !?°°/?°? 
Although inhibition of I,, current and/or activation of late sodium current and 


prolongation of ventricular repolarization and the corresponding QTc interval are 
requisite for the development of TdP, those factors alone are not sufficient for the 
arrhythmia to occur. Many patients taking drugs that inhibit I,, current develop QTc 


interval prolongation but do not experience TdP. A major factor that is believed to 
increase the likelihood of TdP, and which may in part explain the lack of a direct 
correlation between QTc interval and the occurrence of TdP, is heterogeneity of 
repolarization (also referred to as_ dispersion of repolarization § or 
refractoriness).!°° Action potential duration varies throughout the three primary 
ventricular cell types (epicardial, mid-myocardial [M cells], endocardial) as a 
result of variations in ion currents in the different cell types. The risk of drug- 
induced TdP is believed to be enhanced in patients with increased transmural 
dispersion of ventricular refractoriness. In addition, evidence exists to suggest that 
the risk of TdP may be dependent on instability of the action potential and by the 
degree of triangulation of the action potential. Instability of the action potential 
indicates rapid fluctuations in action potential duration. Triangulation of the action 
potential refers to the repolarization time from action potential duration at 30% 
repolarization to action potential duration at 90% repolarization; as this time 
increases, the action potential takes on a more triangular shape. In vitro and ex vivo 
studies have suggested that the risk of TdP is enhanced when action potential 
instability and triangulation are present.°*! Further study is required to better 
understand the conditions required for TdP to develop in patients with QTc interval 
prolongation. 


An important concept with respect to drug-induced TdP is that of repolarization 


reserve.°*? Under normal conditions, there are multiple redundant mechanisms that 
maintain normal ventricular repolarization, which include Ix, but also other 


repolarizing currents, including the slow component of the delayed rectifier 
potassium current (Ix,), inward sodium current (Iy,), L-type inward calcium 


current (Ic, ,), inward rectifier potassium current (1), transient outward potassium 
current (I,,), sodium-potassium pump current (Ly,/«), and sodium/calcium exchange 
current (Iycx).°? Inhibition of Ix, with a drug in the presence of fully intact 


repolarization reserve rarely results in TdP, as the redundancy in repolarizing 
currents minimizes the impact of I,, inhibition. However, in the presence of 


circumstances that diminish repolarization reserve, such as risk factors for TdP 
(discussed below), drug-induced I,, inhibition may have a much greater impact on 


prolonging ventricular repolarization and result in TdP.°*?°°? 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms associated with TdP are similar to those of other tachyarrhythmias and 
are related to heart rate and resulting effects on blood pressure and cardiac output 
(Table 25-9). Although TdP is sometimes transient, self-limiting, and spontaneously 
terminating, it can degenerate into ventricular fibrillation and cause sudden cardiac 
death. 





Table 25-9 Signs and Symptoms Associated with Drug-Induced 


Torsades de Pointes 


* Chest pain (in patients with underlying coronary artery disease) 

* Dizziness 

* Hypotension 

¢ Lightheadedness 

¢ Near syncope 

Often a “short-long—short” initiating sequence on electrocardiogram 

Palpitations 

Seizure (due to cerebral hypoxia) 

¢ Shortness of breath 

* Syncope 

¢ Syndrome of sudden cardiac death 

¢ Tachycardia 

* Torsades de pointes on electrocardiogram—polymorphic ventricular tachycardia in setting of prolonged QTc 
interval 


QTc = corrected QT. 





The diagnosis of TdP is dependent on the ECG. TdP is a specific polymorphic 
ventricular tachycardia associated with prolongation of the QTc interval in the 
sinus beats that precede the arrhythmia. QT interval correction is necessary 
because the QT interval varies depending on the heart rate; as heart rate increases, 
the QT interval shortens, and vice versa. There are numerous published formulas 
for correcting the QT interval, but that which is most commonly used in practice, 
and which is programmed into ECG machines, is the Bazett’s correction: QTc = QT 
interval/VRR interval.°*4 


TdP, or “twisting of the points,” is characterized by the apparent twisting of the 
wide QRS complexes around the isoelectric baseline (Figure 25-3) and occurs at 
rates of 160-240 bpm.®>°°° A characteristic feature of TdP is a short-long-short 
initiating sequence (Figure 25-3), which occurs as a result of a ventricular 
premature beat followed by a compensatory pause that is followed by the first beat 
of the TdP.°%’ 
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FIGURE 25-3 Torsades de Pointes Associated with Intravenous Haloperidol 


Rhythm strip shows prolonged QT interval and short-long-short initiating sequence prior to arrhythmia. 


Source: Reprinted with permission from Elsevier. Sharma ND, Rosman HS, Padhi ID et al. Torsades de pointes 
associated with intravenous haloperidol in critically ill patients. Am J Cardiol. 1998; 81:238. 


The onset of drug-induced TdP is variable, particularly when it is associated 
with oral drug therapy. TdP associated with intravenous drug therapy usually 
coincides with the expected time of peak concentration of the causative agent. For 
example, many of the cases of TdP induced by intravenous erythromycin occurred 
during the infusion or within 30 minutes of completion of the 
infusion.°>0.3°2395360,362,370 TqP induced by intravenous haloperidol occurs within 
15-220 minutes after the infusion.*” Ibutilide-induced TdP occurs within 2-60 
minutes after drug administration, but most often within 15 minutes. !24!76!28.417-425 


TdP induced by oral drugs may be delayed. In an analysis of 144 published 
articles describing 249 patients who experienced TdP associated with noncardiac 
drugs, only 18% of the cases occurred within 72 hours of the initiation of oral 
therapy; 42% occurred between 3 and 30 days after the initiation of therapy, and 
40% occurred more than 30 days after the initiation of therapy.°** 


Conditions to consider in the differential diagnosis of drug-induced TdP are 
listed in Table 25-10. Other tachyarrhythmias must be excluded, through review of 
the ECG. If the patient has polymorphic ventricular tachycardia, TdP must be 
distinguished from non-TdP polymorphic ventricular tachycardia; this can be 
achieved by determining whether prolongation of the QTc interval is present prior 
to or shortly after the episode of polymorphic ventricular tachycardia. The patient’s 
list of current medications should be reviewed to determine whether he or she is 
receiving a drug that has been reported to cause TdP, or at least to cause QTc 
interval prolongation. In addition, the patient should be evaluated for the presence 
of concomitant risk factors for TdP, which substantially increase the likelihood of 
the occurrence of the tachyarrhythmia. 


Table 25-10 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Torsades de Pointes 


¢ Atrial fibrillation 
¢ Atrial flutter 
* Atrial tachycardia 
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¢ Atrioventricular nodal re-entrant tachycardia 
¢ Idioventricular tachycardia 

¢ Non-TdP polymorphic ventricular tachycardia 
¢ Sinus tachycardia 

* Junctional tachycardia 

* Monomorphic ventricular tachycardia 

¢ Ventricular fibrillation 


TdP = torsades de pointes. 





¢ Advanced age 

¢ Bradycardia 

* Concomitant administration of >1 agent known to cause QTc interval prolongation or TdP 

¢ Elevated plasma concentrations of QT interval-prolonging drugs due to drug interactions or inadequate dose 
adjustment for organ dysfunction 

* Female sex 


¢ HFrEF 

* History of drug-induced TdP 

* Hypocalcemia 

* Hypokalemia 

* Hypomagnesemia 

* Increase in QTc interval by >60 msec compared with the pretreatment value 
* QTc interval >500 msec 

* Rapid intravenous infusion of QTc interval-prolonging drugs 

¢ Sepsis 


HFrEF = heart failure with reduced ejection fraction, TdP = torsades de pointes. 


RISK FACTORS 


Specific risk factors for drug-induced TdP have been identified (Table 25-11). 
Prolongation of the QTc interval on the ECG has consistently been determined to be 
a risk factor. Evidence indicates that the risk of TdP increases markedly when the 
QTc interval becomes prolonged to >500 msec, and TdP is rare when the QTc 
interval is <500 msec.70%89-©9! The risk of TdP is also increased when the QTc 
interval increases >60 msec compared with pretreatment values.©? Other TdP risk 
factors include female sex, advanced age, bradycardia, hypokalemia, 
hypomagnesemia, hypocalcemia, HFrEF, and conditions leading to elevated plasma 
concentrations of causative drugs, such as kidney disease, liver disease, drug 
interactions, or some combination of these.!%°-!9°9!°? A history of drug-induced 
TdP likely increases the risk for TdP associated with other QT interval-prolonging 
drugs, !95215 

Drug-induced TdP is exceedingly rare in patients without concomitant risk 


factors. An analysis of 144 published articles describing 249 patients who 
experienced TdP associated with noncardiac drugs revealed that nearly 100% of 
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the patients had at least one risk factor, and 71% of the patients had at least two risk 


factors.°8® More than two thirds of the patients were female; 41% had heart disease 
(defined as myocardial infarction, heart failure, valvulopathy, or cardiomyopathy); 
28% had hypokalemia; 19% had drug toxicity (defined as administration of higher- 
than-recommended doses or lack of dose adjustment for organ dysfunction); 18% 
had a familial history of long-QT syndrome, a history of previous drug-induced 
TdP, or a history of drug-induced QTc interval prolongation.°*® Drug interactions 
leading to increased plasma concentrations of the causative agent were present in 
35% of the patients. These data indicate that the vast majority of patients who 
develop noncardiac drug-induced TdP have risk factors that are easily identifiable. 

Explanations for an increased risk of drug-induced TdP in specific patient 
populations continue to be investigated.°’> Reasons that women are at increased 
risk for drug-induced TdP may involve arrhythmogenic effects of estrogen in 
women or protective effects of testosterone in men.°"*"> The baseline QTc interval 
is longer in women than in men, a difference that manifests at puberty.°©°?’ In one 
series of 332 cases of TdP associated with antiarrhythmic agents, 70% of the cases 
occurred in women.®”® Other studies have documented a female predisposition to 
TdP associated with azimilide, dofetilide, erythromycin, ibutilide, quinidine, 
sotalol, and terfenadine.>*?>!69!,699-702 The influence of sex hormones on 
ventricular repolarization and risk for TdP has been investigated and remains a 
subject of ongoing study. One group of investigators administered a small dose of 
intravenous ibutilide to healthy women during three phases of the menstrual cycle 
and attempted to correlate plasma concentrations of estradiol and progesterone 
with ibutilide-induced prolongations in the QTc interval. QTc interval prolongation 
was not correlated with plasma estradiol concentration but was inversely 
correlated with the plasma progesterone concentration and the plasma 
progesterone-to-estradiol ratio, suggesting that estrogen may not be proarrhythmic, 
but that progesterone, an androgenic compound, may be protective against drug- 
induced QTc interval lengthening.’? In vitro studies have shown _ that 
dihydrotestosterone shortens basal action potential duration and diminishes the 
effects of potassium channel-blocking drugs on action potential duration.’ 
Therefore, androgens may protect against the electrophysiologic effects of drugs 
with the potential to induce TdP. 

HFrEF is a major risk factor for drug-induced TdP. The incidence of TdP 
associated with drugs such as ibutilide and dofetilide has been shown to be more 
than twice as high in patients with HFrEF than in patients with normal left 
ventricular function.*7477°4!8419 Mechanisms behind the increased risk of TdP in 
this population are unclear. Downregulation of potassium channels occurs in 
patients with HFrEF, promoting prolongation in ventricular repolarization. Patients 
with HFrEF have been shown to be more sensitive to drug-induced QTc interval 
lengthening than those with normal left ventricular function.’-’°° In a study of 
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ibutilide pretreatment for facilitation of direct current cardioversion of atrial 
fibrillation, two of 64 ibutilide-treated patients (3.1%) had TdP; both patients had a 
left ventricular ejection fraction <20%.4 On the basis of this study, many 
recommend that QTc interval-prolonging drugs should not be administered to 
patients with a left ventricular ejection fraction <20%. It remains unknown whether 
heart failure with preserved ejection fraction is a risk factor for drug-induced TdP. 


Elevated plasma concentrations of drugs known to cause TdP are an important 
risk factor. The majority of cases of TdP associated with erythromycin or 
haloperidol occurred after intravenous administration of the drug, possibly as a 
result of higher peak plasma concentrations .250352355,359,362,365,366,370,404-407,409-412 Tp 
addition, failure to adequately adjust specific drug doses for kidney disease has 
resulted in TdP associated with dofetilide, levofloxacin, procainamide, and 
sotalo].43!°04946.547,592,553,707 Drugs that have been reported to cause TdP that 
require dose adjustment in patients with kidney disease or hepatic impairment are 
listed in Tables 25-12 and 25-13, respectively. 


Table 25-12 Drugs That May Induce Torsades de Pointes and 






Require Dose Adjustment or Are Contraindicated in Patients 
with Kidney Disease 


Amantadine 
¢ Amisulpride 
¢ Arsenic trioxide 
Chloral hydrate 
¢ Ciprofloxacin 
* Clarithromycin 
* Disopyramide 
* Dofetilide 
* Domperidone 
* Famotidine 
* Flecainide 
¢ Fluconazole 
* Gatifloxacin 
* Levofloxacin 
* Loratadine 
* Metoclopramide 
* Ofloxacin 
° Oxaliplatin 
* Pentamidine 
* Posaconazole 
¢ Procainamide 
* Quinidine 
* Quinine 
* Risperidone 
* Solifenacin 
* Sotalol 
¢ Sparfloxacin 
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* Tacrolimus 
¢ Vandetanib 


Table 25-13. Drugs That May Induce Torsades de Pointes and 


Require Dose Adjustment or Are Contraindicated in Patients 
with Liver Disease 





¢ Atazanavir 

¢ Buprenorphine 
* Cisapride 

* Citalopram 

* Domperidone 
* Dronedarone 

* Escitalopram 

* Fluoxetine 

* Itraconazole 

* Ivabradine 

* Levomepromazine 
* Metronidazole 
* Nelfinavir 

* Olanzapine 

* Ondansetron 

* Quetiapine 

* Quinidine 

* Ranolazine 

* Risperidone 

* Roxithromycin 
¢ Solifenacin 

* Tacrolimus 

* Voriconazole 

* Vorinostat 


Drug interactions are a particularly important risk factor for drug-induced TdP. 
Of 25 cases of TdP associated with terfenadine that were reported to the U.S. Food 
and Drug Administration (FDA), nine patients were receiving concomitant therapy 
with ketoconazole or itraconazole, which inhibit the metabolism of terfenadine. 
Numerous reported cases of drug-induced TdP occurred as a result of drug 
interactions leading to elevated plasma concentrations of the offending 
agent,2!3.277,281,284,296,299,347,358,363,369.371 Drugs associated with a risk of TdP that are 
substrates for the cytochrome P-450 system, and therefore subject to drug 
interactions when used in combination with inhibitors of enzymes of the cytochrome 
P-450 system, are listed in Table 25-14./°8 


Bradycardia has been shown to be a risk factor for drug-induced TdP. 
Ventricular repolarization is dependent on heart rate; the slower the heart rate, the 
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longer the period of ventricular repolarization.°° The majority of drugs with the 
potential to cause TdP to bind to potassium channels in a manner called reverse- 
use-dependent (which means that the slower the heart rate, the more tightly the drug 
binds to the potassium channel) likely explains the higher risk of TdP at slower 
heart rates. ° 


Use of combinations of QT interval-prolonging drugs may increase the risk for 
drug-induced TdP, although conflicting data exist. Polypharmacy with QT interval- 
prolonging drugs and/or with interacting drugs 1s common. A retrospective cohort 
study of an outpatient prescription claims database revealed that 9.4% of 
approximately 1.1 million patients who filled a prescription for a QT interval- 
prolonging drug also filled an overlapping prescription for a second QT interval- 
prolonging drug or for a drug known to inhibit the clearance of the QT interval- 
prolonging agent.’!° In a similar study, automated drug-dispensing data from 2 
million health plan members from a total of 10 health maintenance organizations 
were reviewed to determine the proportion of these patients who had been 
prescribed QT interval-prolonging drugs, and the proportion of those patients for 
whom a second QT interval-prolonging drug or a drug known to alter the clearance 
of the QT interval-prolonging medication was prescribed.’!! Of the patients from 
whom data were obtained, 11.4% had received prescriptions for a potentially QT 
interval-prolonging drug. Of the patients who received prescriptions for a QT 
interval-prolonging drug, 4.6% also received a prescription for a potentially 
interacting drug that could increase the risk of TdP.’!! Approximately 15% of 
emergency department visits involve prescriptions of a QT interval-prolonging 
drug, roughly 10% of which involved prescriptions for >2 QT interval-prolonging 
agents./!? Therefore, concomitant use of multiple QT interval-prolonging drugs is 
relatively common. Some evidence indicates that this practice increases the risk of 
QT interval prolongation and/or TdP. In an analysis of patients in cardiac critical 
care units, use of >2 QT interval-prolonging drugs was associated with an odds 
ratio for development of QTc interval prolongation of 2.6 (95% CI 1.9-5.6, p = 
0.02).°* However, other data do not indicate that combinations of QT interval- 
prolonging drugs increase the risk of QTc interval prolongation or TdP compared 
with therapy with a single QTc interval-prolonging agent. A systematic review of 
literature regarding antipsychotic therapy concluded that antipsychotic 
polypharmacy may not worsen QTe interval prolongation.’!? In a population-based 
cohort study of approximately 13,000 patients, the addition of a second or third 
QTc interval-prolonging drug to initial QTc interval-lengthening therapy exerted 
only a very small additional effect on QTc interval.’!4 Further study is needed to 
ascertain the safety of use of combinations of QTc interval-prolonging drugs. 
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Table 25-14 Drugs That May Induce Torsades de Pointes and Are Substrates for Enzymes of the 






Cytochrome P-450 System” 


Amitriptyline 
Clozapine 
Haloperidol 
Imipramine 
Olanzapine 


Ondansetron 





Methadone 








‘| 2c19 


2D6 





Amitriptyline 


Fluoxetine 


Amitriptyline 
Citalopram 
Doxepin 
Imipramine 
Nelfinavir 


Pantoprazole 


a 


Amitriptyline 
Aripiprazole 
Chlorpromazine 
Donepezil 
Flecainide 


Fluoxetine 


21 





| 3A4,5,7 





Sevoflurane 


Amiodarone 
Aripiprazole 
Cisapride 
Clarithromycin 
Cocaine 
Domperidone 


Voriconazole Haloperidol Erythromycin 














Imipramine Haloperidol 





Metoclopramide Methadone 
Ondansetron Nelfinavir 
Risperidone Ondansetron 


Thioridazine Pimozide 
Quetiapine 
Quinidine 
Quinine 
Risperidone 
Tacrolimus 


Terfenadine 





Trazodone 














Ziprasidone 
Source: Adapted with permission from Flockhart DA. Drug interactions: cytochrome P450 drug interaction table. 
http://medicine.iupui.edu/clinpharm/ddis/main-table (accessed 2017 Dec 19). 


Some evidence suggests that patients in whom drug-induced TdP develops may 
have a genetic predisposition. Fifteen specific genetic defects have been identified 
that underlie the congenital long-QT interval syndromes.’!° Mutations of genes that 
are known to predispose to the congenital long-QT interval syndromes were shown 
to be present in 10-15% of patients who experience drug-induced TdP.’!° In 
another study, missense mutations in five long QT-interval genes were found in a 
small minority of patients with drug-induced TdP.’!” Itoh et al.”!* reported that 40% 
of 20 patients with drug-induced TdP had mutations in long-QT syndrome genes 
and that the incidence of mutations was higher in patients with TdP induced by 
nonantiarrhythmic drugs compared to antiarrhythmic drugs. The positive mutation 
rate in patients with drug-induced TdP was similar to that in patients with 
congenital long-QT syndrome. However, results from a genome-wide association 
study suggest that genetic polymorphisms may not contribute importantly to the risk 
of drug-induced TdP.’!? This study included 216 patients with TdP from 
Northwestern Europe and in 771 ancestry-matched controls, including treatment- 
tolerant patients and individuals in the general population. No single nucleotide 
polymorphism reached genome-wide significance, suggesting that common genomic 
variants do not contribute importantly to the risk of drug-induced TdP. 7!” 


MORBIDITY AND MORTALITY 
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TdP may result in clinical symptoms requiring medical attention. More importantly, 
TdP may result in sudden cardiac death; the incidence of sudden death due to TdP is 
unknown. During the past couple of decades, a number of drugs, including 
terfenadine, astemizole, grepafloxacin, cisapride, levomethadyl, and mesoridazine, 
have been removed from the U.S. market as a result of causing deaths due to TdP. 


In a retrospective analysis of 205 patients with advanced HFrEF, patients with 
a history of drug-induced TdP had a significantly higher risk of sudden cardiac 
death during therapy with amiodarone as compared with amiodarone-treated 
patients with no history of drug-induced TdP (55% versus 15%).’?° These data 
suggest that drugs known to prolong the QT interval should not be administered to 
patients with advanced HFrFEF and a history of drug-induced TdP. 


Antipsychotic agents have been associated with an increased risk of sudden 
cardiac death, potentially as a result of TdP. The risk of sudden cardiac death 
associated with antipsychotic drugs was investigated in a population-based case— 
control study of a longitudinal database consisting of medical records from 150 
general practitioners in Europe.’”! Current use of antipsychotic agents was 
associated with a significant increase in the risk of sudden cardiac death (OR 3.3, 
95% CI 1.8—6.2). Previous use of antipsychotic drugs was not associated with an 
increased risk of sudden cardiac death. The risk of sudden cardiac death was 
highest among patients receiving butyrophenone agents (such as haloperidol). 7! 
The precise cause of sudden cardiac death was not documented in this study, but 
these drugs are known to be a cause of TdP, which may have contributed to sudden 
cardiac death in these patients. A retrospective cohort study of Medicaid enrollees 
in Tennessee also reported an increased risk of sudden cardiac death associated 
with both typical and atypical antipsychotic drugs.’”* In a retrospective cohort 
study from a large database, the adjusted relative risk of cardiac mortality 
associated with olanzapine was significantly elevated compared to psychiatric 
nonusers of olanzapine (RR 1.53, 95% CI 1.12-20.9).’> Treatment with any 
antipsychotic agent and with typical antipsychotic agents was associated with 
significantly increased risks of out-of-hospital cardiac arrest in a study of the 
Danish Cardiac Arrest Register.’** In a case-crossover study conducted using the 
Taiwan National Health Insurance Research Database, antipsychotic drug use was 
associated with a significantly increased risk of ventricular arrhythmia and/or 
sudden cardiac death, and antipsychotic agents with the greatest potency to inhibit 
Ik, were associated with the highest risk of ventricular arrhythmias and/or sudden 


cardiac death.’”? A meta-analysis of observational studies assessing the influence 
of antipsychotic agents on sudden cardiac death concluded that the risk differed 
among different antipsychotics 


(thioridazine>clozapine>risperidone>haloperidol>olanzapine>quetiapine). ’”° 


Macrolide antibiotics have also been associated with an increased risk of 
sudden cardiac death. In a study of a cohort of patients identified from the 
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Tennessee Medicaid database, the multivariate-adjusted rate of sudden death from 
cardiac causes was twice as high in patients currently using erythromycin as 
compared with that in patients who had not used the drug.’”’ Further, the adjusted 
rate of sudden death from cardiac causes was five times higher among patients who 
had concurrently used drugs that inhibited activity of the cytochrome P-450 enzyme 
system while taking erythromycin.’”’ These data indicate that erythromycin use, 
particularly in combination with potentially interacting drugs, may markedly 
increase the risk of cardiac mortality. A similar study of the Tennessee Medicaid 
database found that patients taking 5 days of therapy with azithromycin had an 
increased risk of cardiovascular death (HR 2.88, 95% CI 1.79-4.63, p <0.001) and 
death from any cause (HR 1.85, 95% CI 1.25—2.75, p = 0.002) compared to 
patients who took no antibiotics.’*® Compared to patients taking amoxicillin, those 
who took azithromycin for 5 days had an increased risk of cardiovascular death 
(HR 2.49; 95% CI 1.38—4.50, p = 0.002) and death from any cause (HR 2.02, 95% 
CI 1.24-3.30, p = 0.005).’*8 Similarly, in a cohort study of U.S. veterans, patients 
receiving 5 days of azithromycin therapy had an increased risk of death (HR 1.48, 
95% CI 1.05—2.09) and serious arrhythmia (HR 1.77, 95% CI 1.20—2.62) 
compared with patients receiving amoxicillin.”? Clarithromycin was associated 
with an increased risk of cardiovascular events (defined as hospital admissions 
with acute coronary syndrome, decompensated heart failure, serious arrhythmia, or 
sudden cardiac death) in a propensity score-matched study of two prospectively 
collected datasets in patients with chronic obstructive pulmonary disease. ’°? 
Conversely, however, a propensity score-matched nationwide historical cohort 
study of the Danish Civil Registration System found that current azithromycin use 
was not associated with an increased risk of cardiovascular death compared to 
penicillin V (rate ratio 0.93, 95% CI 0.56—-1.55)./3! Cheng et al.”°? performed a 
meta-analysis of 33 studies involving nearly 21 million patients to assess the 
association between macrolide antibiotics and cardiovascular risk. Compared to 
those not taking macrolides, patients taking macrolides had an increased risk of 
sudden cardiac death or ventricular tachyarrhythmias (RR 2.42 [1.61—3.63]), 
sudden cardiac death (2.52 [1.91—3.31]), and cardiovascular death (1.31 [1.06— 
1.62]). The weight of the overall data suggests that macrolide antibiotics are 
associated with an increased risk of sudden cardiac death and cardiovascular 
death. 


An analysis was performed of reports to the FDA of QTc interval prolongation 
and TdP associated with methadone.** From 1969 through October 2002, the FDA 
received 43 reports of TdP and 15 reports of QTc interval prolongation. 
Hospitalization was required in 47% of these cases, and death occurred in 8%. 


In summary, drug-induced TdP may result in morbidity requiring hospitalization 
and mortality due to sudden cardiac death. Patients with a history of drug-induced 
TdP and those currently receiving typical or atypical antipsychotic agents or 
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macrolide antibiotics have been shown to be at higher risk of cardiovascular 
mortality. 


PREVENTION 


Some methods of prevention of drug-induced TdP are listed in Table 25-15. Drug- 
induced TdP may be prevented by minimizing risk factors associated with TdP 
(Table 25-11). Intravenous erythromycin doses of 1 g every 6 hours should be 
avoided, unless Legionella pneumophila infection is documented. The maximum 
daily dose of intravenous haloperidol should not exceed 35 mg.*0” 


In patients receiving drugs known to promote the development of TdP, the QTc 
interval should be monitored and maintained at <500 msec. Prior to initiating 
therapy with a drug known to cause TdP, a baseline (predrug) ECG for 
determination of QTc interval should be obtained wherever possible. In 
hospitalized patients receiving drugs known to cause TdP, QTc intervals should be 
monitored daily, preferably using a 12-lead ECG but at least using a lead II ECG 
strip. Some hospitals have the capability for fully automated QTc interval 
monitoring, with which an algorithm measures the QTc interval every 5 minutes, 
and an audible alarm sounds if there is an increase in QTc interval >60 msec from 
baseline or if a QTc interval >500 msec is measured for at least three consecutive 
measurements (i.e., 15 minutes).°8° Patients receiving long-term oral therapy with 
drugs known to promote the development of TdP should undergo a 12-lead ECG for 
the measurement of QTc intervals every 3 to 6 months depending on the presence or 
absence of other risk factors. 


Clinical decision support tools have been developed with the objective of 
reducing the risk of TdP. At the Mayo Clinic, an institution-wide computer-based 
QT interval alert system was implemented, which screens all ECGs and alerts 
physicians if their patient’s QTc interval is >500 msec.’ Sorita et al.”°4 developed 
and implemented a clinical decision support system integrated into the 
computerized physician order-entry system that identifies any attempt to order 
medications associated with TdP for patients with a history of QTc interval >500 
msec and alerts the provider entering the order. This system resulted in a 13.9% 
reduction in administration of potentially TdP-inducing drugs to these high-risk 
patients. Another group of investigators developed and implemented a clinical 
decision support computer alert incorporating a validated risk score for QTc 
interval prolongation for patients in cardiac critical care units.©°~’*> In this system, 
the computer calculates each patient’s risk score for development of QTc interval 
prolongation. When patients are prescribed a drug with the potential to induce TdP 
and their QTc interval prolongation risk score is moderate or high (but not low), a 
computer alert appears to the pharmacist entering or reviewing the order, who can 
then contact the prescriber to discuss modulation of modifiable risk factors or 
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selection of alternate drug therapy, where appropriate. Implementation of this 
computer alert system resulted in a significant reduction in the risk of QTc interval 
prolongation in these units (OR 0.65, 95% CI 0.56—0.89, p <0.0001). In addition, 
implementation of this alert system resulted in a significant reduction in the 


prescribing of noncardiovascular QTc interval-prolonging drugs. ’*° 


Table 25-15 Prevention of Drug-Induced Torsades de Pointes 


¢ Adjust doses of renally eliminated QTc interval-prolonging drugs in patients with kidney disease 

¢ Adjust doses or avoid use of hepatically metabolized QTc interval-prolonging drugs in patients with liver 
disease 

¢ Avoid concomitant administration of QTc interval-prolonging drugs 

¢ Avoid drug interactions involving QTc interval-prolonging drugs that are substrates of the cytochrome P-450 
enzyme system with cytochrome P-450 enzyme inhibitors 

¢ Avoid use of QTc interval-prolonging drugs in patients who have been diagnosed with one of the congenital 
long QT interval syndromes 

¢ Avoid use of QTc interval-prolonging drugs in patients with a history of drug-induced TdP 

* Avoid use of QTc interval-prolonging drugs in patients with pretreatment QTc intervals >450 msec 

¢ Discontinue QTc interval-prolonging agent if QTc increases to >500 msec 

* Maintain serum calcium concentrations within normal range 

¢ Maintain serum magnesium concentrations >2 mg/dL 

¢ Maintain serum potassium concentrations >4 mEq/L 

* Reduce dose or discontinue QTc interval-prolonging agent if QTc increases >60 msec from pretreatment 
value 

* When possible, avoid use of QTc interval-prolonging drugs in patients with HFrEF, especially in patients with 
LVEF <20% 


HFrEF = heart failure with reduced ejection fraction, TdP = torsades de pointes. 





Although drugs with the potential to cause TdP should not necessarily be 
avoided in female patients, other risk factors associated with drug-induced TdP are 
easily identifiable prior to the initiation of therapy with QTc interval-prolonging 
drugs, and use of QTc interval-prolonging drugs in patients with these other risk 
factors should be avoided whenever possible.°°*° In particular, concomitant 
administration of susceptible QT interval-prolonging drugs with drugs that inhibit 
their metabolism should be avoided, and doses of renally eliminated or hepatically 
metabolized QTc interval-prolonging drugs should be adequately adjusted in 
patients with kidney or liver disease, respectively. 


Prophylactic administration of magnesium has been shown to attenuate the 
effects of drugs on QT interval prolongation. Administration of magnesium sulfate 2 
g intravenously prior to administration of ibutilide 1 mg significantly diminished 
the effect of ibutilide on QT interval prolongation in patients with normal serum 
magnesium concentrations compared with that in a group of normomagnesemic 
patients who received placebo prior to ibutilide. In addition, pretreatment with 
magnesium significantly reduced the risk of ibutilide-induced QT interval 
prolongation >30 msec as compared with preibutilide values.”° Patsilinakos et 
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al.!3! retrospectively analyzed 476 patients who had received ibutilide for 
conversion of atrial fibrillation or atrial flutter to sinus rhythm during a 4-year 
period. All patients received ibutilide 1 mg intravenously over 10 minutes, 
followed by a second 1-mg dose if necessary 10 minutes following completion of 
the first infusion. In n = 247 patients, a 1-hour intravenous infusion of magnesium 5 
g was administered prior to ibutilide, followed by a second infusion of magnesium 
5 g, this time over 2 hours, without interrupting the ibutilide infusion protocol. The 
incidence of TdP was significantly lower in the patients who received magnesium 
prophylaxis compared to those that did not (0% versus 3.5%, p = 0.009). The 
incidence of all ventricular arrhythmias (sustained ventricular tachycardia, 
nonsustained ventricular tachycardia, and TdP) was also significantly lower in the 
magnesium prophylaxis group (1.2% versus 7.4%, p = 0.002). The two groups 
were similar demographically, although those in the magnesium prophylaxis group 
were slightly older (62 versus 58 years, p = 0.057). These data suggest that 
magnesium prophylaxis may be a reasonable strategy in patients at risk for TdP 
who require ibutilide therapy for atrial fibrillation or atrial flutter. 


In a prospective, randomized, double-blind, placebo-controlled crossover pilot 
study, administration of oral progesterone 400 mg daily was found to attenuate 
drug-induced QTc interval lengthening in young healthy women during the menses 
phase of the menstrual cycle (when endogenous serum progesterone concentrations 
are lowest)./°’ Studies are ongoing to determine whether exogenous administration 
of sex hormones may reduce the risk of drug-induced QTc interval prolongation in 
patient populations at risk. 

Specific guidelines were published regarding monitoring of patients for 
prevention of methadone-induced TdP.”?* These guidelines recommend that all 
patients on methadone therapy should undergo a pretreatment ECG for 
determination of the QTc interval, a follow-up 12-lead ECG for determination of 
the QTc interval within 30 days of the initiation of methadone treatment, and a 12- 
lead ECG for QTc interval determination annually. More intensive QTc interval 
monitoring was recommended for patients who require daily methadone doses 
>100 mg and for those that experience unexplained syncope or seizures. Subsequent 
recommendations tempered the 30-day ECG suggestion on the basis of concerns 
regarding the resources required to implement routine ECGs and the absence of 
strong evidence that such routine ECG monitoring reduces the incidence of 
methadone-associated cardiac events.’°” These newer recommendations suggested 
that a baseline ECG should be performed at the time of admission into an opioid 
treatment program and within 30 days in patients with significant risk factors for 
QTe interval prolongation, and that additional ECGs should be performed annually 
or whenever the methadone dose exceeds 120 mg daily.’°” 


MANAGEMENT 
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A treatment strategy for the acute management of drug-induced TdP is presented in 
Figure 25-4.!°° Management of drug-induced TdP is dependent on recognition of 
the arrhythmia and distinguishing it from monomorphic ventricular tachycardia or 
non-torsades polymorphic ventricular tachycardia. Therapy with drugs with the 
potential to cause TdP should be discontinued. Hypokalemia, hypomagnesemia, or 
hypocalcemia should be corrected with intravenous potassium, magnesium, or 
calcium, respectively. Patients with TdP who are hemodynamically unstable should 
be treated with asynchronous shocks (i.e., defibrillation).!°? Although synchronized 
direct current cardioversion is preferred for organized rhythms, synchronization of 
shocks is often not possible in patients with polymorphic ventricular tachycardias 
such as TdP, because the multiple QRS complex configurations and fluctuating heart 
rates render it very difficult, and sometimes impossible, to synchronize the delivery 
of the shock to a QRS complex.!” 
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Torsades de pointes 


Discontinue offending agent(s) 
Correct hypokalemia/hypomagnesemia/hypocalcemia 





Hemodynamically 
stable 


Hemodynamically 
unstable 





Defibrillation* Magnesium sulfate 1-2 g IV over 15 minutes 
TdP accompanied by bradycardia or TdP not accompanied by bradycardia or does not 
precipitated by pauses in rhythm appear to be precipitated by pauses in rhythm 


Isoproterenol 2-10 meg/min > — Defibrillation® 


continuous IV infusion 
OR 

Temporary transvenous 
overdrive pacing 


FIGURE 25-4 Management of Drug-Induced Torsades de Pointes 


IV = intravenous, J = joules. “Biphasic shock:120—200 J; monophasic shock:360 J. 


Source: Adapted with permission from Elsevier. Tisdale JE. Acute management of arrhythmias. In: Esrtad B, 
ed. Critical care pharmacotherapy. Lenexa, KS: American College of Clinical Pharmacy; 2016:1244-81. 


Several treatment options are available for patients with hemodynamically 
stable TdP (Figure 25-4). Intravenous magnesium has been reported to terminate 
TdP, irrespective of the patient’s serum magnesium 
concentration, !97790.498,508,521,548,561,740-747 The mechanism by which intravenous 
magnesium terminates TdP is not clear, but termination may occur via inhibition of 
early afterdepolarizations as a result of calcium-channel blockade. 

Overdrive pacing via the percutaneous insertion of a temporary pacemaker is 
also effective for termination of TdP accompanied by bradycardia or precipitated 
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by pauses in rhythm, as overdrive pacing leads to shortening of the QT 
interval.!03!2501536 Intravenous isoproterenol may also terminate TdP, by 
increasing heart rate and shortening the QT interval.!9!9!°°7748 In addition, 
refractory TdP associated with sotalol has been successfully managed using 
hemodialysis or peritoneal dialysis.°4/°°4°>> 


INFORMATION FOR PATIENTS 


Patients who are taking drugs that may cause TdP should be instructed that the drug 
may in rare cases cause the heart rate (pulse) to become faster. Patients should be 
instructed to consult their pharmacist or physician if the heart rate increases to 
above 100—120 bpm, or if they feel palpitations, lightheaded, dizzy, tired, weak, 
short of breath, or chest pain. Patients who are taking drugs that may cause TdP 
should be instructed not to take any nonprescription medication without first 
consulting their pharmacist or physician because of the possibility of interactions of 
potentially proarrhythmic medications with nonprescription drugs such as 
cimetidine. In addition, patients should make sure that their pharmacist and 
physician are fully aware of all medications that they are taking to avoid receiving 
new medications that may potentially interact with drugs that may cause TdP. 


BRUGADA SYNDROME 


Brugada syndrome is an inherited disorder characterized by specific ECG 
abnormalities not associated with myocardial ischemia, electrolyte perturbations, 
or structural heart disease.’*” Brugada syndrome is classified into three types, 
based on specific ECG abnormalities in at least two of the right chest leads (V,— 


V3): Type 1—coved ST segment elevation, J point elevation >2 mm, and inverted T 


wave; Type 2—-saddle-shaped ST segments with J point elevation >2 mm and ST 
segment elevation >1 mm with a positive or biphasic T wave; and Type 3—saddle- 
shaped ST segments with J point elevation <2 mm and ST segment elevation <1 
mm. In addition to the ECG abnormalities, diagnostic criteria include syncope, 
prior cardiac arrest, documented or inducible polymorphic ventricular tachycardia 
or ventricular fibrillation, a family history of sudden death <45 years of age, or 
Type 1 Brugada pattern and/or nocturnal agonal respiration. °° 


In the majority of cases, Brugada syndrome is caused by mutations in the gene 
SCNSA, which encodes cardiac sodium channels. Sodium channel-blocking drugs 
such as flecainide are often used to unmask concealed forms of the Brugada 
syndrome. However, a drug-induced form of Brugada syndrome has been 
described, in which drugs provoke Brugada syndrome ECG patterns and cause 
ventricular tachycardia, ventricular fibrillation, and sudden cardiac death. 
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CAUSATIVE AGENTS 


Drugs that have been reported to exacerbate or provoke Brugada syndrome are 
presented in Table 25-16.’4%->!-78° Up-to-date lists of drugs associated with 
Brugada syndrome may be found at Brugadadrugs.org.’*’ Drugs in Table 25-16 are 
those with published literature supporting an association with arrhythmias and the 
most typical (Type 1) Brugada syndrome ECG. A list of drugs that are 
recommended to be avoided in patients with Brugada syndrome, but for which there 
is no published evidence of an association with arrhythmias, can be found at 
Brugadadrugs.org. ’*” 


EPIDEMIOLOGY 


The prevalence of the Brugada syndrome is estimated to be 1-5 per 10,000 
persons.’8°> The prevalence is higher in countries in Southeast Asia, especially 
Thailand, the Philippines, and Japan, where the prevalence is roughly 0.5—1 per 
1,000 persons.’°° The prevalence of Brugada syndrome is 8—10-fold higher in men 
than women. ’8*:’8° The higher prevalence in males may be due to more prominent 
transient outward potassium current (1,,) and/or higher plasma testosterone 


concenrations. 2079! 


The overall incidence and prevalence of drug-induced Brugada syndrome are 
not known, and the incidence has been determined for only a small number of drugs 
known to exacerbate this syndrome (Table 25-16). 


MECHANISMS 


Brugada syndrome 1s inherited via autosomal dominance (with the exception of one 
genotype, which is inherited in an X-linked manner).’*?:”°* To date, 23 genotypes 
have been identified, which are associated with a decrease in inward sodium or 
calcium current or an increase in outward potassium current.’’? One genotype, 
caused by pathogenic variants in the SCN5A gene that encodes for the a subunit of 
the cardiac sodium channel, is responsible for 15-30% of patients with the 
Brugada syndrome. ’*?:”°* The precise mechanism of the ECG abnormailities and 
arrhythmias associated with the Brugada syndrome is unknown. It has been 
proposed that the ST segment elevation associated with Brugada syndrome may be 
due to local conduction abnormalities, local ventricular depolarization, or an early 
repolarization abnormality caused by reduction in fast sodium current and/or L-type 


calcium current or an increase in |,,, which would result in shortening of the 


epicardial action potential.’”*-’°* This would produce increased dispersion of 
repolarization across the epicardium/endocardium. Increased dispersion of 
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ventricular repolarization in association with extrasystoles may lead to re-entrant 
arrhythmias.’“? Drugs that provoke or unmask the Brugada syndrome are 
predominantly those that inhibit cardiac sodium channels (Table 25-16).49-’> The 
mechanism of alcohol-induced Brugada syndrome is not clear, although it has been 
suggested that alcohol-associated enhancement of parasympathetic nervous system 
activity may contribute. ”°* 


Table 25-16 Agents Implicated in Drug-Induced Brugada 
Syndrome 





Drug Level of Evidence* 
Ajmaline75 1-756 0.15—1.8% (adults) 10% (children) |B 
Alcohol757-759 NK C 
Amitriptyline 760,761 NK C 
Bupivacaine762 NK C 
Cocaine763-765 NK C 
Desipramine766 NK C 
Flecainide 767-769 NK C 
Lithium770 NK Cc 
Loxapmne771 NK C 
Nortriptyline772,773 NK C 
Oxcarbazepine774 NK C 
Pilsicainide775-779 B 
Procainamide780 NK C 
Propafenone78 1,782 NK C 
Propofol783-786 NK C 
Trifluoperazine77 1 NK C 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 
Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 


retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Table 25-17 Signs and Symptoms Associated with Drug-Induced 


Brugada Syndrome 
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* Aborted sudden cardiac death 

* Chest discomfort 

¢ Idioventricular tachycardia 

* Monomorphic ventricular tachycardia 
* Nocturnal agonal respiration 

* Palpitations 


e Syncope 
¢ Ventricular fibrillation 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Clinical symptoms associated with drug-induced Brugada syndrome are presented 
in Table 25-17. Drug-induced Brugada syndrome manifests in relatively young 
individuals. In a study of the clinical characteristics and risk factors for drug- 
induced Brugada syndrome, the mean age of onset was 39 + 16 years.’”> In this 
study, 77% of patients who developed the drug-induced Brugada syndrome ECG 
pattern were male, and men developed the syndrome at a younger age than women 
(37 + 16 years versus 44 + 17 years, p = 0.07). Symptoms associated with drug- 
induced Brugada syndrome include monomorphic ventricular tachycardia, 
idioventricular tachycardia, ventricular fibrillation or aborted sudden cardiac 
death, syncope, nocturnal agonal respiration, palpitations, and chest discomfort. ’*? 
Ventricular fibrillation or aborted sudden cardiac death occurs more often at night 
than during the day. The time of onset of drug-induced Brugada syndrome after 
initiation of therapy with causative agents ranges from weeks to years; only a small 
proportion of cases occur with drug exposure <72 hours.’”° 


For patients with suspected nondrug-induced Brugada syndrome, sodium 
channel-blocking drugs such as ajmaline, flecainide, pilsicainide, or procainamide 
may be administered as a component of the diagnostic process to provoke/unmask 
the type I ECG pattern.’®’ Differential diagnosis of drug-induced Brugada syndrome 
includes exclusion of other arrhythmias (Table 25-18). In addition, other conditions 
that may mimic the Brugada ECG pattern include arrhythmogenic right ventricular 
cardiomyopathy, right ventricular ischemia or infarction, pulmonary embolism, 
cardiac tamponade, early repolarization syndrome, hyperkalemia, hypokalemia, 
hypercalcemia, or hypothermia. ’~? 


RISK FACTORS 


Risk factors for drug-induced Brugada syndrome are presented in Table 25-19. As 
mentioned previously, male sex is a risk factor. In addition, fever is a risk 
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factor/trigger for arrhythmias associated with drug-induced Brugada syndrome.’ 


The risk of drug-induced Brugada syndrome appears to be related to drug dose, and 
many of the reported cases occurred in patients receiving high doses or overdoses 
of potentially causative age-nts,/°%7°!,763-765,768,769,772,784 Th one analysis, drug 
toxicity was associated with 46% of 74 cases of Brugada syndrome associated 


with noncardiac drugs.’ 


Table 25-18 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Brugada Syndrome 





Atrial fibrillation 
° Atrial flutter 
¢ Atrial tachycardia 
Atrioventricular nodal re-entrant tachycardia 
Idioventricular tachycardia 
Junctional tachycardia 
* Non-Brugada syndrome idioventricular tachycardia 
* Non-Brugada syndrome monomorphic ventricular tachycardia 
* Non-Brugada syndrome ventricular fibrillation 
¢ Sinus tachycardia 
*. “Td? 


TdP = torsades de pointes. 





Table 25-19 Risk Factors for Drug-Induced Brugada Syndrome 


¢ Fever 
* High doses/overdoses of potentially causative agents 
* Male sex 


MORBIDITY AND MORTALITY 


Brugada syndrome is associated with sudden cardiac death. The risk of fatal or 
near-fatal arrhythmias in patients with Brugada syndrome who had been previously 
asymptomatic ranges from 1% to 8% over 30-40 months of follow-up.’*? In 
patients with nondrug-induced Brugada syndrome, the incidence of cardiac events 
(appropriate implantable cardioverter-defibrillator shocks or sudden cardiac 
death) was found to be 5% over a mean follow-up period of 32 months (range 14— 
54 months).’°° The cardiac event rate was highest in those patients who had a 
previous aborted episode of sudden cardiac death (7.7%) compared with those 
with a history of syncope (1.9%) or those who remained asymptomatic (0.5%)./%° 


The incidence of lethal arrhythmias in patients with drug-induced Brugada 
syndrome is unknown, but fatal and near-fatal cases have been reported. In a study 
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of 74 cases of Brugada syndrome (manifested by the classic ECG pattern) 
associated with noncardiac drugs, 23 patients (31%) experienced monomorphic 
ventricular tachycardia (4/74, 5%) or ventricular fibrillation or pulseless 
ventricular tachycardia (19/74, 26%).’° The incidence of mortality was 13%.’ 


PREVENTION 


Drugs that are known to provoke or unmask the Brugada syndrome should be 
avoided in patients with a previous diagnosis of Brugada syndrome. For patients 
with undiagnosed Brugada syndrome, prevention of drug-induced Brugada 
syndrome is difficult until the syndrome has been unmasked or provoked by drug 
therapy. 


MANAGEMENT 


In patients for whom drugs provoke or unmask Brugada syndrome, the causative 
agent(s) should be discontinued immediately. Intravenous procainamide should be 
avoided as a therapy for monomorphic ventricular tachycardia; intravenous 
amiodarone may be used cautiously. Although it inhibits sodium-channel 
conductance, amiodarone has not yet been reported to provoke or unmask Brugada 
syndrome, possibly because of other effects, including inhibition of potassium 
conductance. Alternatively, the patient can be sedated for performance of direct 
current cardioversion. Patients who experience ventricular fibrillation should be 


treated according to Advanced Cardiac Life Support guidelines. !.!?! 


INFORMATION FOR PATIENTS 


Patients with known Brugada syndrome who require therapy with drugs such as 
psychotropic agents that may cause ventricular arrhythmias by unmasking or 
exacerbating the syndrome should be told that the medication may, in rare cases, 
cause the heart rate (pulse) to become faster. These patients should be instructed to 
consult their pharmacist or physician if their heart rate increases to above 100-120 
bpm or if they feel palpitations, lightheaded, dizzy, tired, weak, short of breath, or 
chest pain. Patients with known Brugada syndrome should be advised to consume 
alcohol in moderation, not to the point of intoxication. 
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CHAPTER 26 


Supraventricular Arrhythmias 


James E. Tisdale 


Drugs may induce a variety of supraventricular arrhythmias that may be associated 
with symptoms, hemodynamic instability, stroke, and, in some cases, an increased 
risk of death. Supraventricular arrhythmias that may be induced by drugs include 
sinus bradycardia, atrioventricular (AV) node block, atrial fibrillation or flutter, 
atrial tachycardia, and AV nodal re-entrant tachycardia. 


SINUS BRADY CARDIA/ATRIOVENTRICULAR 
153 lO) i 





Sinus bradycardia is defined as a sinus rate <60 bpm.! Drugs that inhibit sinus node 
function resulting in sinus pauses or sinus arrest are also included in this section. 
Sinus pauses occur when the function of the sinus node is impaired transiently, 
leading to “pauses” without P-waves on the electrocardiogram.!* Sinus pauses are 
also known as periods of sinus arrest. 


AV block occurs when conduction of impulses from the atria to the ventricles 


through the AV node is inhibited.* AV block is classified as first, second, or third 
degree. First-degree AV block is defined as prolongation of the PR interval to >0.2 
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seconds. Second-degree AV block is a progression of AV nodal dysfunction to the 
point at which some impulses are not conducted from the atria to the ventricles. 
Third-degree AV block, often referred to as complete heart block or AV 
dissociation, is defined by the absence of a relationship between atrial and 
ventricular depolarization. During third-degree AV block, atrial depolarization and 
ventricular depolarization occur independently, as a result of the complete inability 


of the AV node to conduct impulses.* 


CAUSATIVE AGENTS. 


Sinus bradycardia with or without sinus pauses may be associated with a wide 
variety of drugs (Table 26-1).4>”* In addition to occurring as a result of drugs 
administered orally or intravenously, sinus bradycardia and sinus pauses may be 
induced by drugs administered as eye drops. Numerous cases of sinus bradycardia 
associated with topical adrenergic B-receptor antagonists (f$-blockers) have been 
reported.°*>>*4 The incidence of sinus bradycardia associated with topical timolol 
is significantly higher (18.4%) than that associated with topical carteolol 
(4.5%).°*3 The lower incidence of sinus bradycardia associated with carteolol may 
be a result of the intrinsic sympathomimetic activity of the drug. Chronic cocaine 
use has been shown to increase the odds of bradycardia and severe bradycardia by 


factors of 3.02 and 5.11, respectively.!°> Drugs that have been reported to cause AV 
block are listed in Table 26-2,45:46.!48.154,158,174,176,179,198,199,202,204,207,209,212-214, 


216,345-347,446,519,525-679 


Table 26-1 Agents Implicated in Drug-Induced Sinus 
Bradycardia 





Drug Level of Evidence* 
Adenosine4-6 A 
Amiodarone7- 14 A 
Baclofen16-24,b C 
B-blockers25-35 A 
Bupivacaine36-43 2-32% A 
Capecitabine44,45 K C 
Carbamazepmne46,47 C 
C 


Cimetidine48-54 


nw 


nw 
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CisplatinS5-60 
Citalopram61-65 
Clonidine66-99 
Clozapine 100,101 
Cocaine 102,103 
Cytarabine 106-109 
Dexamethasone 110-113 
Dexmedetomidine 114-144 
Diazepam50,b 
Digoxin145-151,b 
Diltiazem152-165 
Dipyridamole 1 66-172,c 
Disopyramide 173-177 


Donepezill77-186 


Dronedarone 187-190 


Dovitinib191 
Escitalopram192-194 
Fingolimod195-215 
Flecainide2 16-223 
Fludarabine224 
5-fluorouracil225-227 
Fluoxetine228-234 
y-hydroxybutyric acid235-240 
Granisetron24 1,242 
Halothane243-246 
Ibutilide247-250 
Idarubicin251 
Irinotecan252,253 
Isradipine254,c 


Ivabradine255-267 


Ketamine268-273 


NK B 
mei 
= i 
x 
P=? 
x 
x? 
=f 
x 
a 
a 
a 
a 
0.6-48% A 
HR 1.4 (95 % CI 1.1-1.6) 

0.7-2.3% A 
OR 1.45 (95% CI 1.02—2.08) 
dP 
x 
mh 
mi 
x 
pa 
_ * 
NKe B 
a 
a 
m=? 
x 
x & 
x 
3.7-15.7% A 
OR 6.54 (95% CI 3.3—012.9) 

0-5.5%f B 
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Lidocaine95,274-283 
Memantine 184,284 
Mepivacaine285-287 
Methadone288-293 
Methylprednisolone 111,294-307 


Milrinone308 





Mycophenolate 195,196 
Neostigmine309-321 
Nicardipine322-325 
Nitroglycerin326-334 
Octreotide335-339 
Olanzapine340-344 
Paclitaxel345-353 
Pentazocine354 
Prednisone355,356 
Pregabalin97 


Propafenone357-362 


Propofol363-384 


Physostigmine3 12,385-387 
Pyridostigmine3 12,386,388 
Ranitidine389-397 
Remifentanil398-411 
Risperidone4 12-414 
Sevoflurane244,4 15-428 
Sotalol429-452 
Succinylcholine453-465 
Tacrolimus466,467 
Tetracaine468-470 
Thalidomide47 1-484 


Tivantinib485 


0-9.3% 
7% 
5—13% 


2.5% 

0-13% 

6.4-53% 

OR 2.7 (95% CI 1.4-5.4) 
10-12% 

0-0.7% 


0.25%—0.7% 
3-29% 
5%h 


7.5% 


0.7%i 
10%j 


Z Z Z 
Dm) BW] OQ] WD] SP] BW] A] Wy] Pl] WwW] WD] Sl] wD!) Oo; P|] WB] Ww 


> 


0-50% (14.7% in analysis of 
combined studies) 


0-39% 


0-53% 
1.5-17.2% 


0-50% 


3.2-54% 
21% 


Z Z| Z Z Z| Z| Z 
nw Al A A Al AL A 


QO} BD) SY] QA] OF SY] e] e] a] ee] a] a] Bw 
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Tizanidine486-489 
Verapamil243,490-522 





CI = confidence interval, HR = hazard ratio, NK = not known, OR = odds ratio. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bPredominantly in overdose or with supratherapeutic plasma concentrations. 


cReported with intravenous use. 

dIncidence associated with 5-fluorouracil-based chemotherapy regimens. 
eIncidence in y-hydroxybutyric acid intoxication: 6—38%.236,239 
fIncidence as high as 21.1% in infants.270 

gIncidence as high as 42% following pulse doses of 1,000 mg.299 
hIntramuscular admmnistration in children. 

iOral propafenone. 


jintravenous propafenone. 


EPIDEMIOLOGY 


The overall incidence of drug-induced sinus bradycardia or AV block is unknown. 
The incidence of sinus bradycardia and sinus pauses associated with specific 
agents, where known, is presented in Table 26-1, and the incidence of drug-induced 
AV block associated with specific drugs, where known, is presented in Table 26-2. 


Amiodarone has been reported to cause sinus-node and AV _ nodal 
bradyarrhythmias requiring pacemaker insertion.” In a study of 15,824 patients with 
atrial fibrillation and a history of myocardial infarction who were receiving 
amiodarone, the incidence of pacemaker implantation was 2.2% per person-year 
(mean duration [+SD] of follow-up, 1.8 + 1.5 years), and was 5.2% per person- 
year during the first 90 days of therapy.’ The odds ratio for pacemaker insertion to 
treat bradyarrhythmias associated with amiodarone use was 2.14 (95% CI 1.30— 
3.54).°8° Although the incidence of sinus bradycardia associated with conventional 
doses of intravenous amiodarone (1-2 g/24 hr) is similar to that associated with 
oral amiodarone,°*! the incidence may be as high as 10% when doses of 3 g per 24 
hours are administered.°* 


Sinus bradycardia or arrest or AV block may be caused by digoxin, primarily in 
overdose or other situations in which serum digoxin concentrations become 
elevated.!48 The overall incidence of sinus bradycardia or AV block associated 
with digoxin is unknown. In an analysis of patients with a discharge diagnosis of 
digoxin intoxication, “definite” sinus bradycardia and sinus pauses <2 seconds 
were documented in 26% and 19%, respectively, of those with digoxin 
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intoxication.'*® In addition, “definite” second- or third-degree AV block was 
documented in 33% of patients with digoxin intoxication.'** Sotalol has been 
reported to cause clinically important sinus bradycardia and sinus pauses in up to 
17.2% of patients treated for atrial fibrillation, with 2.5% requiring permanent 
pacemaker implantation.*° 


Ivabradine is a recent addition to therapy for patients with heart failure with 
reduced ejection fraction (HFrEF) and is indicated for patients with HFrEF with 
heart rates >70 bpm who are on maximally tolerated doses of B-blockers or are 
intolerant of B-blocker therapy. Ivabradine is associated with sinus bradycardia in 
up to 16% of patients. A meta-analysis of placebo-controlled studies of ivabradine 
in patients with stable coronary artery disease with and without HFrEF reported an 
odds ratio for bradycardia of 6.54 (95% CI 3.30-12.9, p <0.01).2% Fingolimod, 
which is indicated for relapsing forms of multiple sclerosis, is associated with 
sinus bradycardia in up to 37% of patients. !?° 


Zeltser et al.°°? reviewed a series of 169 consecutive patients admitted or 
discharged with the diagnosis of second- or third-degree AV block that was not 
caused by acute myocardial infarction, vasovagal syncope, radiofrequency 
ablation, or digitalis toxicity. Of these, 54% were receiving therapy with B- 
blockers with or without diltiazem, diltiazem alone, or verapamil. The 
investigators reported that drug discontinuation was followed by resolution of AV 
block in 41% of patients but that 56% of these patients subsequently had recurrence 
of AV block in the absence of causative drugs. Based on their criteria for causation, 
the investigators concluded that drugs were the specific cause of AV block in only 
15% of the patients who were receiving therapy with B-blockers with or without 
diltiazem, diltiazem alone, or verapamil.°©8 


MECHANISMS 


Drug-induced sinus bradycardia may be caused by inhibition of automaticity of the 
node, slowing of sinus node conduction, or prolongation of sinus node 
repolarization (Table 26-3). AV block may be caused by agents that inhibit AV node 
conduction or prolong AV node repolarization (Table 26-4). Both the sinus node 
and the AV node are heavily influenced by sympathetic and parasympathetic 
nervous system activity. Drugs that inhibit activity of the sympathetic nervous 
system (e.g., B-blockers) and drugs that stimulate the parasympathetic nervous 
system (e.g., neostigmine, physostigmine, pyridostigmine) may cause sinus 
bradycardia or AV block. The action potentials of both the sinus node and the AV 
node depend primarily on calcium and sodium flux, and calcium or sodium channel 
inhibitors may cause sinus bradycardia, AV block, or both. 


—S>S>E>E>E>E~_>___>_____SSSSS___A 
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Table 26-2 Agents Implicated in Drug-Induced Atrioventricular 
Block 





Level of 


Drug Incidence Evidence* 
Aconite525,526 NK C 


Adenosine4,5,527-551 3-15% A 
RR 7.88 (95% CI 4.15— 
14.9) 


RR 6.78 (95% CI 2.15— 
21.38) 





Amiodarone552-559 
Amitriptyline560,561 
B-blockers552,562-574 0.15—-2.4% 

Bupivacaine575,576 


Carbamazepine46,577-585 


Z 
nw 


Chloroquine586-588 


Z| Zz 
l 


Cimetidine589 

Citalopram590 NK 
Clonidine59 1-594 NK 
Cocaine595,596 NK 





Digoxin148,573,597-613 


Diltiazem154,158,568,614-619 
Dipyridamole620-623 
Disopyramide174,176,624,625 
Donepezil179,626-628 
Etomidate629 


Famotidine630 


Fingolimod198,199,202,204,207,209,212-214,63 1-636 


Flecainide2 16,637 
Guanabenz638 
Hydroxychloroquine639 
Imipramine640,641 
Infliximab642 


Z 
: 


QA} a}aray ay ef] a} Oa}; OF BY] OF FS] DW} aT ay ay a}; OF; OF] BY] YS] Oo} BS 


2% 


A 


Al A 


Aw 


N A 


0.2—0.5% 


Z 
nw 


Z 
nw 


Z 
nw 





Z 
nw 
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A 


Ticagrelor660-664 
Verapamil5 19,568,616,665-679 


Nicardipine643 NK C 
PaclitaxeB45-347,644 B 
Pentamidine645 C 
Phenylpropanolamine646,647 C 
Propafenone648-650 A 
Propofol65 1-654 C 
Pyridostigmine655 C 
Remifentanil656 C 
Sotalol446,657 B 
Thioridazine658,659 C 


CI = confidence interval, NK = not known, RR = relative risk. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Nitrates may cause a syndrome associated with sinus bradycardia and 
hypotension.*“°**4 Sinus bradycardia induced by nitrates is an idiosyncratic 
reaction. This syndrome resembles neurocardiogenic syncope but may occur when 
patients are in the supine position. The mechanism of nitrate-induced sinus 
bradycardia remains unclear, but evidence suggests that nitrates may stimulate 
peripheral sensory receptors with vagal afferents to the medulla, resulting in 
sympathetic nervous system inhibition via stimulation of central a,-receptors (Table 


5-3) 


Table 26-3 Mechanisms of Drug-Induced Sinus Bradycardia 


Drug Mechanism 

All drugs that may cause sinus bradycardia (except Inhibition of automaticity of the sinus node and/or 

nitrates) slowing of sinus node conduction and/or prolongation 
of sinus node repolarization 

B-blockers Inhibit activity of sympathetic nervous system, leading 
to inhibition of automaticity of sinus node 

Clonidine Stimulates central a9-receptors, reducing release of 
norepinephrine 

Fingolimod Modulation of the sphingosine 1-phosphate (S1P) 
receptors 
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Ivabradine Inhibition of hyperpolarization-activated cyclic 
nucleotide-gated “funny” (If) channels in the sinus 


node 

Neostigmine, physostigmine, pyridostigmine Stimulate activity of the parasympathetic nervous 
system, leading to inhibition of automaticity of sinus 
node 

Nitroglycerin Stimulates peripheral sensory receptors with vagal 


afferents to the medulla, resulting in sympathetic 
nervous system inhibition via stimulation of central a2- 


receptors 


Table 26-4 Mechanisms of Drug-Induced Atrioventricular Block 


Drug Mechanism 

All drugs that may cause AV block Inhibition of AV node conduction 

B-blockers Inhibit activity of sympathetic nervous system, leading 
to inhibition of conduction through the AV node 

Clonidine Stimulates central a -receptors, reducing release of 
norepinephrine 

Fingolimod Modulation of the sphingosine 1-phosphate (S1P) 
receptors 

Neostigmine, physostigmine, pyridostigmine Stimulate activity of the parasympathetic nervous 
system, leading to mhibition of conduction through the 
AV node 


AV = atrioventricular. 


Ivabradine is a hyperpolarization-activated cyclic nucleotide-gated “funny” 
channel (I) blocker, the primary mechanism of which is to slow heart rate in 


patients with HFrEF.~? Sinus bradycardia is an extension of the pharmacologic 
effect of the drug. Fingolimod causes sinus bradycardia via modulation of the 
sphingosine 1-phosphate (S1P) receptors.°** S$1P contributes to regulation of heart 


rate and cardiac conduction via modulation of intramyocyte calcium 


concentrations.°8> 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Normal heart rate is usually defined somewhat arbitrarily as ranging between 60 
and 100 bpm. However, many individuals routinely have heart rates <60 bpm and 
even <50 bpm without evidence of symptoms. Patients with symptomatic sinus 
bradycardia resulting in the need for medical attention typically have heart rates 
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between 30 and 50 bpm, resulting in hemodynamic compromise. Signs and 
symptoms associated with clinically important sinus bradycardia and sinus pauses 
are listed in Table 26-5.!~ 


Table 26-5 Signs and Symptoms Associated with Drug-Induced 





Sinus Bradycardia and Atrioventricular Block 


¢ Dizziness 

¢ Light-headedness 

* Fatigue 

* Lethargy 

* Dyspnea 

* Weakness 

¢ Presyncope 

* Syncope 

* Chest pain 

¢ Symptoms of heart failure 


First-degree AV block is a common electrocardiographic phenomenon that is 
almost always asymptomatic and is, therefore, not a drug-induced disease as 
defined in this text.> However, if extreme prolongation of the PR interval occurs 
(>0.3 sec), patients may experience symptoms during exercise due to AV 
dysynchrony, as the PR interval may not shorten enough as the RR interval 
decreases.* Second- and third-degree AV block can result in bradycardia, leading 
to symptoms that result in the need for medical attention or even requiring 
hospitalization. 


Second-degree AV block occurs most commonly in two distinct patterns. 
Mobitz type I second-degree AV block (also known as Wenckebach) is 
characterized by progressive prolongation of the PR _ interval on_ the 
electrocardiogram (ECG) until a P-wave is not followed by a QRS complex.’ 
Mobitz type I is usually caused by impulse conduction delay in the AV node (as 
opposed to further down in the bundle of His).'! Mobitz type II second-degree AV 
block is typified by constant PR intervals with abrupt, intermittent absence of QRS 
complexes. Mobitz type II second-degree AV block often occurs in specific patterns 
with P-wave to QRS complex ratios such as 2:1 or 3:1. This type of second-degree 
AV block is likely caused by impulse-conduction delay in the bundle of His. 

During third-degree AV block, the AV node is completely unable to conduct 
impulses, and atrial depolarization occurs independently of ventricular 
depolarization. Therefore, P-waves and QRS complexes are present on ECG but 
are unrelated to one another. Third-degree AV block can occur either in the AV 
node itself or further down in the bundle of His.* 
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Second- or third-degree AV block may result in bradycardia, with heart rates in 
the range of 40-60 bpm, and sometimes as low as 20-40 bpm. Symptoms of 
second- or third-degree AV block are the same as those associated with sinus 
bradycardia (Table 26-5). 


Drug-induced sinus bradycardia or AV block must be distinguished from other 
causes of sinus or AV node impairment. Dysfunction of the sinus node unrelated to 
drug therapy is common, with a prevalence as high as | in 600 patients over the age 
of 65 years.°*° Intrinsic AV nodal abnormalities also may occur during the aging 
process. Transient sinus node dysfunction may occur in the setting of acute 
myocardial ischemia or infarction when the infarct/ischemia-related vessel is the 
right coronary artery or the left circumflex artery, but permanent sinus-node damage 
in this setting is uncommon. Myocardial infarction may result in some degree of 
permanent AV nodal dysfunction in some patients. Conditions to consider in the 
differential diagnosis of drug-induced sinus bradycardia or AV block are listed in 
Table 26-6.! 


Drug-induced sinus or AV node dysfunction can often be distinguished from 
nondrug-related sinus bradycardia or AV block. When a patient with symptoms that 
appear to be related to sinus bradycardia/sinus pauses/sinus arrest or AV block 
seeks medical attention, therapy with drugs known to induce sinus or AV node 
dysfunction should be discontinued. If the sinus or AV node dysfunction persists 
after five half-lives of the respective drug(s) have passed, a drug-induced cause 
may be ruled out. While awaiting drug washout, evaluation and diagnostic testing 
for nonpharmacologic causes can be performed, including determination of serum 
potassium and magnesium concentrations, thyroid function tests, and assessment for 
myocardial ischemia or infarction. However, it may not be possible or desirable in 
every case to discontinue therapy with drugs suspected of causing sinus 
bradycardia or AV block. For example, B-blocker therapy should not generally be 
discontinued in a patient treated for HFrEF or after myocardial infarction. Rather, 
therapy with the B-blocker should be continued and implantation of a permanent 
pacemaker considered as a means to protect against possible drug-induced sinus or 
AV node dysfunction. 


Table 26-6 Conditions to Consider in the Differential Diagnosis 
of Drug-Induced Sinus Bradycardia or Atrioventricular Block® 


¢ Age-related idiopathic degenerative fibrosis of the smus or AV node 

* Myocardial ischemia/infarction (results in transient, not permanent, sinus bradycardia or AV block) 
* Hypothyroidism 

* Hypoxia 

* Hypothermia 

* Electrolyte abnormalities (hyperkalemia, hypokalemia, hypermagnesemia) 

* Congenital heart disease 

¢ Amyloidosis 
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* Hemochromatosis 
Sarcoidosis 

¢ Myocarditis 
Systemic lupus erythematosus 
Scleroderma 

* Rheumatoid arthritis 

¢ Myotonic muscular dystrophy 
Surgical trauma (valve replacement, heart transplantation, correction of congenital heart disease) 

* Chagas disease 

* Endocarditis 

* Diptheria 

* Neurocardiac syncope 

* Carotid sinus hypersensitivity 

* Coughing 

* Micturition 

* Defecation 

* Vomiting 


AV = atrioventricular. 
aSee reference | for more information. 


RISK FACTORS 


Risk factors for drug-induced sinus bradycardia are listed in Table 26-7. Higher 
drug doses may increase the risk for sinus bradycardia.’ Conditions that may result 
in elevated plasma concentrations of drugs known to cause sinus bradycardia 
increase the risk. Patients with kidney disease who are receiving renally eliminated 
drugs that may cause sinus bradycardia (atenolol, clonidine, digoxin) are also at 
increased risk. Age >65 years is a risk factor for citalopram-induced bradycardia; 
the incidence was 2.4% in patients >65 years of age compared to 0.2% in patients 
younger than 65 years (p <0.05).™ Kidney disease has been identified as a risk 
factor for sinus bradycardia associated with clonidine.” Drugs that have been 
reported to cause sinus bradycardia or AV block that require dose adjustment in 
patients with kidney disease are listed in Table 26-8, and drugs that have been 
reported to cause sinus bradycardia or AV block that require dose adjustment in 
patients with liver disease are listed in Table 26-9. In addition, concomitant use of 
drugs that inhibit the hepatic metabolism of drugs known to induce sinus 
bradycardia should be avoided (Table 26-10).°°8 








Table 26-7 Risk Factors for Drug-Induced Sinus Bradycardia or 


Atrioventricular Block 





Sinus bradycardia?>3+©3,242,420,42 1,423,068 1-687 


¢ Pretreatment heart rate <60 bpm 
¢ Underlying sinus-node dysfunction (may occur with advancing age) 
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¢ Impaired baroreflex control (risk factor for nitroglycerin-induced sinus bradycardia) 

* Concomitant use of less than one sinus-node mhibiting drug 

* Elevate plasma drug concentrations due to kidney or liver disease or drug interactions 

* Age >65 years (citalopram-induced bradycardia) 

¢ Amiodarone dose >200 mg daily 

¢ Female (risk factor for pacemaker implantation due to amiodarone-induced bradycardia) 
* Down syndrome (risk factor for sevoflurane-induced bradycardia) 


Atrioventricular block>4®:9>4-688 


* Concomitant use of less than one AV-blocking drug 

¢ Pretreatment PR interval >0.2 sec 

* Underlying AV nodal disease (may occur with advancing age) 

* Elevated plasma drug concentration due to kidney or liver disease or drug interactions 
* Hypothyroidism (may be a risk factor for amiodarone-induced AV block) 

¢ Prior use of aspirin (adenosine-induced AV block) 


AV = atrioventricular, bpm = beats per minute. 


Table 26-8 Drugs Known to Cause Sinus Bradycardia or 


Atrioventricular Block That May Require Dose Adjustment or 
Are Contraindicated in Patients with Kidney Disease 





* Acebutolol 

¢ Amisulpride 

* Atenolol 

* Baclofen 

* Betaxolol 

* Capecitabine 

* Carteolol 

* Cimetidine 

* Cisplatin (recommended to be avoided in patients with pre-existing kidney disease) 
* Clonidine 

* Dexmedetomidine 
¢ Digoxin 

¢ Disopyramide 

¢ Famotidine 

¢ Flecainide 

¢ Fludarabine 

* Guanabenz 

¢ Idarubicin 

* Isradipine 

* Memantine 

* Milrinone 

* Mycophenolate 
* Nadolol 

* Nicardipine 

* Ranitidine 

* Risperidone 

* Sotalol 

* Tacrolimus 
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Table 26-9 Drugs Known to Cause Sinus Bradycardia or 


Atrioventricular Block That May Require Dose Adjustment or 
Are Contraindicated in Patients with Liver Disease 





« Acebutolol 

* Citalopram 

¢ Dronedarone 
* Escitalopram 
* Fluoxetine 

* Idarubicin 

* Ivabradine 

* Paclitaxel 

* Propafenone 
* Risperidone 

* Tacrolimus 


Other interactions may result in sinus bradycardia. Dipyridamole inhibits the 
cellular uptake of adenosine; therefore, patients receiving adenosine concomitantly 
with dipyridamole are at increased risk of adenosine-associated sinus 
bradycardia/sinus pauses.©°°? A number of drugs inhibit the elimination of digoxin, 
particularly amiodarone, verapamil, and quinidine, and concomitant use of these 
drugs with digoxin increases the risk of digoxin-induced sinus bradycardia, unless 
appropriate digoxin dose reduction is implemented.°°°” In addition, patients 
receiving therapy with more than one drug known to reduce heart rate are at 
increased risk. °°” 

Women are at greater risk for amiodarone-induced bradycardia requiring 
implantation of a permanent pacemaker.°”? In a study of 1,005 patients with new- 
onset atrial fibrillation, the hazard ratio for amiodarone use requiring a permanent 
pacemaker was 4.69 (95% CI 1.99-11.05) in women, as compared with 1.05 (95% 
CI 0.42-2.58) in men. Mechanisms for the increased risk of bradycardia 
requiring pacemaker implantation in women are unknown. 

Down syndrome has been reported to be a risk factor for bradycardia induced 
by sevoflurane.*7°7°*78 The mechanism of increased risk is unknown, but 
individuals with trisomy 21 exhibit a decreased heart rate response to orthostatic 
challenges, suggesting that these patients may have blunted activation of the 


sympathetic nervous system or impaired parasympathetic regulation of heart rate.*7® 
Specific risk factors for the majority of drug-induced AV block have not been 


identified. In the study by Zeltser et al.°°° of 169 consecutive cases of AV block, 
there were no significant differences in age, male sex, or presence of hypertension 
or ischemic heart disease between patients receiving therapy with B-blockers with 
or without diltiazem or verapamil and those not receiving therapy with drugs that 
could induce AV block. In a retrospective analysis of 102 cardiac transplant 
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patients who received adenosine for stress myocardial perfusion imaging, prior use 
of aspirin and baseline first-degree AV block were independent risk factors for 
adenosine-induced second- or third-degree AV block.*“© Possible risk factors for 
drug-induced AV block are listed in Table 26-7. Risk factors have been identified 
for AV block induced by digoxin and include the drug interactions listed above, 
hypokalemia, hypomagnesemia, hypoxia, hypothyroidism, and inadequate dose 
reduction in patients with kidney disease.©* 























Table 26-10 Drugs Known to Cause Sinus Bradycardia or Atrioventricular Block That Are 
Substrates for Enzymes of the Cytochrome P-450 System™ 













3A4,5,7 







Amitriptyline | Ketamine Paclitaxel | Amitriptyline | Amitriptyline | Amitriptyline | Halothane Carbamazepine 

Clozapine Methadone Fluoxetine Carvedilol Sevoflurane | Cocaine 

Olanzapine Propofol Clonidine Diazepam 

Propranolol Flecainide Diltiazem 

Tizanidine Fluoxetine Lidocaine 

Verapamil Imipramine Methadone 
Lidocaine Paclitaxel 
Metoprolol Propranolol 
Nebivolol Quinidine 
Propafenone Risperidone 
Propranolol Tacrolimus 
Risperidone Verapamil 
Timolol 




















MORBIDITY AND MORTALITY 


The incidence of morbidity, hospitalization, or death associated with drug-induced 
sinus bradycardia or AV block is unknown. Drug-induced sinus bradycardia or AV 
block may result in the need for temporary or permanent pacemaker 
implantation.?°°2°9 Tn a population of patients with new-onset atrial fibrillation, 
the adjusted hazard ratio for amiodarone use leading to a requirement for a 
permanent pacemaker was 2.01 (95% CI 1.08-3.76).° Death due to drug-induced 
sinus bradycardia or AV block is likely very uncommon. 


PREVENTION 


Drug-induced sinus or AV node dysfunction (or both) is often preventable (Table 
26-11). When possible, drugs with the potential to inhibit sinus or AV node function 
should be avoided in patients with known sinus or AV node dysfunction in the 
absence of a functioning pacemaker. Once a pacemaker has been implanted, 
however, patients with sinus node dysfunction may receive sinus node-inhibiting 
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drugs, and patients with AV node dysfunction may receive AV node-inhibiting 
agents. Patients who are taking drugs with the potential to cause sinus bradycardia, 
sinus pauses, or AV block should be taught to monitor their heart rate daily and to 
consult their pharmacist or physician if heart rate falls below 50 bpm or if they 
experience symptoms of bradycardia (Table 26-5). Combinations of drugs that may 
inhibit sinus or AV node function should be minimized but are not contraindicated if 
the benefits of such therapy outweigh the risks. 


Drug-induced sinus or AV node dysfunction may be prevented by not exceeding 
maximum daily doses of drugs known to cause these drug-induced diseases and by 
appropriate dose adjustment of specific drugs to account for organ dysfunction, 
drug interactions, or both. Maintaining serum digoxin concentrations <2 ng/mL, and 
optimally <1 ng/mL, reduces the risk of digoxin-associated sinus or AV node 
dysfunction. In certain circumstances, substituting medications within a class may 
prevent drug-induced sinus or AV node dysfunction. For example, a patient with 
kidney disease who is receiving atenolol is at higher risk for atenolol-induced sinus 
bradycardia or AV block as a result of diminished atenolol clearance. In this 
situation, replacing atenolol with a nonrenally cleared fB-blocker such as 
metoprolol or propanolol may reduce the likelihood of drug-induced sinus 
bradycardia or AV block. 


Table 26-11 Approaches to Help Prevent Drug-Induced Sinus 


Bradycardia and Atrioventricular Block 





For all drugs that may cause sinus bradycardia, AV block, or both 


Patient should take pulse daily, report if <50 bpm 
* Do not exceed maximum daily doses 
¢ Use combinations of drugs that may cause sinus bradycardia or AV block only when necessary and when 
the benefits likely outweigh the risks 
Appropriately adjust drug doses for liver or kidney disease 
Avoid sinus or AV node-inhibiting drugs in patients with underlying sinus node dysfunction, unless a 
functioning pacemaker is present (in the case of AV node-inhibiting drugs, there must be a functioning 
ventricular pacemaker) 


For digoxin 


¢ Measure serum digoxin concentrations: 
o If kidney function is changing 
o Ifa drug that interacts with digoxin is added to therapy 
o Every 6 months if there is no kidney disease or concomitant use of interacting drugs 


AV = atrioventricular. 


Patients receiving drugs known to inhibit AV node conduction should undergo a 
12-lead ECG periodically and at least every 6 months. First-degree AV block is not 
an absolute contraindication to receiving AV node-blocking drugs, but the PR 
interval should be monitored every 3—6 months to ensure that AV block is not 
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progressing. In addition, combinations of AV node-blocking drugs are best avoided 
in patients with pretreatment PR intervals >0.2 seconds. If the PR interval 
progresses to >0.2 seconds while on AV node-blocking therapy, it is not necessary 
to discontinue therapy, but more frequent ECG monitoring is recommended and 
administration of additional AV node-blocking agents should be avoided. 


Table 26-12 Management of Drug-Induced Sinus Bradycardia 


or Atrioventricular Block 





¢ Discontinue the causative agent 
* Temporary pacemaker 


* Ifunderlying sinus or AV node dysfunction: Permanent pacemaker may be necessary (if AV node 


dysfunction, must be a ventricular pacemaker) 

* In severe cases: Atropine 0.5—1 mg q 3—5 min until heart rate increases or total dose of 1.5—3 mg is 
administered 

* Jf atropine not effective: Epmephrine 2-10 mcg/min or dopamine 2—10 mcg/kg/min continuous IV infusion 


° If due to calcium-channel blocker or $-blocker overdose: 


o Gastric lavage (within | hour of ingestion) 

o Activated charcoal 25—50 g in an aqueous slurry of 120-240 mL water (within | hour of ingestion) 

o Glucagon 3—10 mg (0.05—0.15 mg/kg) intravenously followed by continuous infusion of 3—5 mg/hr (B- 
blocker overdose only) 

o Calcium 0.3 mEq/kg intravenously, administered as calcium gluconate (10%) 0.6 mL/kg or calcium 
chloride (10%) 0.2 mL/kg over 5-10 minutes, followed by 0.3 mEq/kg/hr 

o HIE: Regular insulin | international unit/kg bolus followed by continuous IV infusion of 0.5—1 
international untt/kg/hr 

* Temporary pacemaker, if necessary 


AV = atrioventricular, HIE = hyperinsulinemia/euglycemia therapy, IV = intravenous. 


eee 


Management options for patients with drug-induced sinus bradycardia or AV block 
are presented in Table 26-12. In some cases, a reduction in dose of the offending 
medication may be sufficient, but in most cases in which drug-induced sinus or AV 
node dysfunction has resulted in a hospitalization, discontinuation of therapy is 
necessary. In the case of sinus bradycardia or AV block induced by adenosine, 
treatment is not usually required because the drug is metabolized very quickly 
(half-life = 10 seconds) and the heart rate usually returns to pretreatment values 
within 20—30 seconds. 


Percutaneous insertion of a temporary pacemaker may be necessary. If the 
patient is subsequently diagnosed with underlying intrinsic sinus or AV node 
dysfunction, therapy with the offending medication may be reinitiated after the 
implantation of a permanent pacemaker. In severe cases, intravenous atropine may 
be administered in doses of 0.5—1 mg every 3—5 minutes to a total dose of 1.5-3 
mg, the dose at which full blockade of the parasympathetic nervous system occurs 


in humans. If atropine is not effective, then epinephrine (2-10 mcg/min) or 
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dopamine (2—10 mcg/kg/min) may be administered. Transcutaneous pacing may be 
necessary for patients in whom pharmacotherapy 1s ineffective. 


If the drug-induced bradycardia or AV block is a result of an overdose of 
verapamil, diltiazem, or a B-blocker, gastric lavage may be performed if the patient 
presents within 1 hour of ingestion. Activated charcoal may be administered and 
may be particularly useful if the drug was ingested in the form of a sustained- 
release preparation. For management of sinus bradycardia/AV block due to a B- 
blocker overdose, treatment with intravenous glucagon, calcium, and/or 
hyperinsulinemia-euglycemia (HIE) therapy may be initiated.°7° Glucagon may 
be administered as an intravenous bolus dose of 3-10 mg (0.05—0.15 mg/kg), 
followed by a continuous infusion of 3—5 mg/hr (0.05—0.10 mg/kg/hr), titrated to 
achieve an adequate hemodynamic response.®® Calcium 0.3 mEq/kg may be 
administered, either as calcium gluconate (10%) 0.6 mL/kg or calcium chloride 
(10%) 0.2 mL/kg over 5—10 minutes, followed by an infusion of 0.3 mEq/kg/hr.°”’ 
Although recommended, evidence supporting calcium infusion for B-blocker 
overdose is somewhat limited.®’’ For patients with B-blocker overdose and sinus 
bradycardia/AV block refractory to other treatments, HIE may be administered as 
regular insulin | international unit/kg bolus followed by continuous infusion of 0.5— 
1 international unit/kg/hr. The infusion dose may be titrated every 30 minutes to 
achieve the desired response. Because of the potential for insulin-associated 
electrolyte shifts, close monitoring of serum electrolyte concentrations during HIE 
therapy is recommended. Intravenous dextrose 25 g may be administered with the 
initial insulin bolus to maintain euglycemia (blood glucose 100—250 mg/dL), 
followed by continuous dextrose infusion at 0.5 g/kg/hr.©?768 

In refractory cases of B-blocker or calcium-channel blocker overdose, lipid 
emulsion infusions have been administered with some success.°?’?%/ The 
mechanism by which lipid emulsion infusions may be effective has not been 
elucidated completely. Lipid emulsions may act as a lipid sink, pulling lipophilic 
drugs away from tissue receptors into plasma, where the drug can then be bound to 
the emulsion.°”? Another theory suggests that lipid emulsions may enhance 
myocardial availability of free fatty acids, reversing the conversion from lipid to 
glucose metabolism that occurs in damaged heart muscle, thereby augmenting 
availability of substrate with which to resume normal metabolism.” 


If sinus bradycardia/AV block is a result of a presumed or documented 
overdose of diltiazem or verapamil, evidence supporting the efficacy of specific 
antidotes is lacking.©’’ Several case reports describe administration of HIE for 
management of calcium-channel blocker overdose and suggest that HIE, at doses 
described previously, is a reasonable therapeutic option.©’’ More limited evidence, 
also from case reports, is available to support calcium administration for 
management of calcium-channel blocker overdose; calcium administration may be 
considered for patients with calci1um-channel blocker overdose and shock that are 
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refractory to other treatments.°?’ Evidence is insufficient to recommend glucagon 


for management of calcium channel overdose.®’’ In cases of B-blocker or calcium- 
channel blocker overdose, insertion of a temporary pacemaker may be necessary. 


For patients with a history of myocardial infarction or heart failure in whom 
sinus bradycardia or AV block induced by B-blockers develops, implantation of a 
permanent pacemaker may be necessary to allow the patient to continue therapy 
with these agents, which have been shown to prolong survival in these specific 


conditions. /?!-79 


INFORMATION FOR PATIENTS 


Patients should be instructed that specific drug(s) may cause the heart rate (pulse) 
to become slower. Patients should be taught to take their pulse and to monitor their 
heart rate daily. Patients should be instructed to consult their pharmacist or 
physician if their heart rate falls below 50 bpm, or if they feel lightheaded, dizzy, 
tired, weak, short of breath, experience chest pain, or lose consciousness. 


ATRIAL FIBRILLATION/ATRIAL FLUTTER 


Atrial fibrillation is a supraventricular arrhythmia that is characterized on ECG by 
an irregularly irregular pattern of narrow QRS complexes, an absence of 
discernible P-waves and an undulating baseline. Atrial flutter is a supraventricular 
arrhythmia that is characterized on ECG by a regular pattern of narrow QRS 
complexes, with discernible P-waves that exhibit a “sawtooth” appearance. Atrial 
flutter is often associated with a ratio of P-waves to QRS complexes of 4:1, 3:1, or, 
in some cases, 2:1. 


CAUSATIVE AGENTS 


Drugs that have been associated with atrial fibrillation or atrial flutter are listed in 
Table 26-13,229200.263,264,267,302,308,351,386,541,635,704-834 The majority of drugs that 
have been associated with induction of atrial fibrillation or flutter are 
cardiovascular agents, but drugs from other classes have been implicated as well, 


including alcohol, bisphosphonates, corticosteroids, and anticancer 
agents, 302351,725-753,784,786,787,792-794,799-805,812,816,833-844 


EPIDEMIOLOGY 


The overall incidence of drug-induced atrial fibrillation or flutter 1s not known, but 
it is likely very low. Adenosine has been reported to cause a substantial incidence 
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of atrial fibrillation in patients undergoing treatment for AV nodal re-entrant 
tachycardia.’!! Although the incidence of alcohol-induced atrial fibrillation (often 
referred to as the “holiday heart syndrome’’) is unknown, in a case-control study of 
patients with acute idiopathic atrial fibrillation, 62% of cases were associated with 
heavy alcohol use.’*° In a prospective cohort study of the association between self- 
reported alcohol use and incident atrial fibrillation, moderate alcohol intake was 
not associated with new-onset atrial fibrillation. However, consumption of 35 or 
more drinks per week was associated with a hazard ratio for atrial fibrillation of 
1.45 (95% CI 1.02—2.04) in men.”** About 5% of cases of atrial fibrillation in men 
were estimated to be attributable to heavy alcohol intake. In women, consumption 
of two or more drinks daily was associated with an increased risk of atrial 
fibrillation (HR 1.60, 95% CI 1.13-2.25) in a prospective study.’° In a large 
prospective study of 79,019 men and women, the risk of atrial fibrillation was 
increased in those who drank 15—21 drinks per week (RR 1.14 [1.01—1.28]) and 
>21 drinks per week (1.39 [1.22—1.58]) compared to those who drank <1 drink 
weekly.“ Even comparatively small amounts of alcohol ingestion appear to 
increase atrial fibrillation risk; every 10 g of alcohol per day (just under 1 drink 
daily) is associated with a 5% higher risk of developing new-onset atrial 
fibrillation. ’48 In an epidemiological study of hospital-based healthcare encounters 
conducted in Texas, residents of counties in which alcohol sales were not restricted 
had a significantly greater prevalence of atrial fibrillation than residents of “dry” 
counties, where alcohol sales were prohibited, and conversion of counties from 
“dry” to unrestricted alcohol sales resulted in significant increases in atrial 
fibrillation prevalence.” 


In a randomized study of the prevention of fractures in postmenopausal women, 
the bisphosphonate drug alendronate was found to increase the risk of “serious” 
atrial fibrillation (1.5% versus 1% in the placebo group, relative hazard 1.51, 95% 
CI 0.97-2.40, p = 0.07).”°° However, alendronate did not increase the risk of “all 
atrial fibrillation adverse events.” In addition, in a case-control study in women, a 
higher proportion of patients with atrial fibrillation had used alendronate as 
compared with those who had never used any bisphosphonate (odds ratio of atrial 
fibrillation 1.86, 95% CI 1.09-3.15).’>! Furthermore, another bisphosphonate drug, 
zoledronic acid, was reported to increase the risk of “serious” atrial fibrillation as 
compared with placebo (1.3% versus 0.5%, p <0.001).°°? However, zoledronic 
acid did not increase the risk of all atrial fibrillation events. In 2008, the FDA 
released a statement regarding the cardiovascular safety of bisphosphonate drugs in 
which they stated there was “no clear association between overall bisphosphonate 
use and the rate of serious or nonserious atrial fibrillation in patients taking 
bisphosphonates.”°*> Since that time, numerous cohort studies have been published 
indicating a significant association between bisphosphonate use and risk of new- 
onset atrial fibrillation.”°***>-*37843 [In addition, several meta-analyses have 
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reported that bisphosphonate drugs increase the risk of new-onset atrial 
fibrillation.*°?-°*73 In contrast, however, numerous studies published since the 
FDA’s 2008 statement have not found an association between bisphosphonate use 
and new-onset atrial fibrillation, and some meta-analyses have not reported an 


association between bisphosphonate drugs and new-onset atrial fibrillation. 


846-852 


In view of these discordant studies, the issue as to whether bisphosphonate drugs 
induced atrial fibrillation remains unresolved. 


Table 26-13 Agents Implicated in Drug-Induced Atrial 


Fibrillation or Atrial Flutter 





Drug 
Adenosine541,704-720 


Albuterol72 1-724 


Alcohol725-749 


Alendronate750-753 


Amiodarone754-757 
Caffeme724,758-765 

1,3 Dimethylamylamine761 
Diltiazem766 
Dobutamine308,767-783 
Docetaxel784 
Dopamine779,785,¢ 
Doxorubicin786,787 
Enoximone778 
Fingolimod635,788 
Flecainide789,790 
Fluoxetine229,791 


Interleukin-2792-794 





Incidence Level of Evidence* 
1L-12%b 


io 


Aw 
w 


OR/RR 1.51 (95% CI 1.3-17.4)740 |B 
HR 1.60 (95% CI 1.02-2.51)741 

HR 1.14 (95% CI 1.04-1.26)743 

HR 1.29 (95% CI 1.02-1.62)743,c 


0.5% 
OR 1.86 (95% CI 1.09-3.15)751 


IR 1.58 (95% CI 1.07—2.33)752,d 
OR 1.97 (95% CI 1.59—2.43)753 


NK 





Z 
nw 


Z 
nw 





Z 
nw 


0-18% 


5.8-13.8% 
8.3% 
0.5% 


DW) a}; a; By] S&S} WB] BW] a} FS] oO] A] BW] BD 


3.5—4.7% 


Z| Z Z| Z 
Al A Al A 
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Ipratropium bromide795 NK 


Ivabradine260,263,264,267, 796,797 | 1.3% 
OR 1.35 (95% CI 1.19—1.53)264 


RR 1.15 (95% CI 1.07-1.24)796 
RR 1.24 (95% CI 1.08-1.42)797 








| 


Levosimendan78 1 A 
Metaproterenol798 A 
Methylprednisolone302,799-805 B 
Milrinone308,806-811 A 
Mitoxantrone812 B 
Morphine813 HR 4.37 (95% CI 3.56-5.36) B 
Ondansetron8 14,815 K C 

B 


Paclitaxe]351,816 2% (atrial flutter) 
1—1.7% (atrial fibrillation) 


N 
Sildenafil8 19-82 1 N 
N 
N 


Ticagrelor828 


Tiotropiums29 1.7/100 person-years 


Verapamil83 1,832 5% 


SFr} ay;yay wy] aly wy ay aya 


Zoledronic acid833,834 0.8-2.2% 


CI = confidence interval, HR = hazard ratio, IR = incidence ratio, NK = not known, OR = odds ratio, RR = 
relative risk. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bAtrial fibrillation, 1-11%, atrial flutter, 1%. 


cBinge drinkers. 
dDuring the first 4-8 weeks of therapy. 
eReported following cardiac surgery only. 


fPercent of patients with atrial fibrillation who develop new atrial flutter during propafenone therapy.818 
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New-onset atrial flutter associated with drugs is also uncommon but has been 
reported to occur in patients with atrial fibrillation who are receiving Vaughan 
Williams class IC antiarrhythmic agents (flecainide or propafenone) or amiodarone 
(Table 26-13). 


MECHANISMS 


Mechanisms by which some drugs induce atrial fibrillation or flutter are presented 
in Table 26-14. In general, atrial fibrillation is believed to be induced by ectopic 
impulses originating from pulmonary veins, atria, or both and sustained via multiple 
atrial re-entrant wavelets. Evidence indicates that the shorter the wavelength, the 
more likely that atrial fibrillation develops and is sustained.*°**°> Wavelength is 
the product of the atrial conduction velocity and the atrial effective refractory 
period.*°**°> Atrial flutter is generally a macro re-entrant atrial tachycardia due to 
a single re-entrant circuit involving the atrial septum, the lateral atrial wall, and the 


cavotricuspid isthmus between the annulus of the tricuspid valve and the inferior 


vena cava.®>? 


Table 26-14 Mechanisms of Drug-Induced Atrial 


PWS ENA IVA WUTRKS 


Drug Mechanism 





Adenosine Promotes pulmonary vein ectopic activity 
Shortens atrial effective refractory period/atrial wavelength 


Alcohol Sympathetic nervous system stimulation 
Shortens atrial effective refractory period 
Increases interatrial electromechanical delays 


Vagal activity 
Amiodarone Some cases likely due to thyrotoxicosis 
Dobutamine Enhances intracellular cAMP, resulting in increased myocyte cytosolic 


calcium, promoting depolarizations in pulmonary veins 
Shortens atrial effective refractory periods 


Theophylline Increases atrial automaticity 
Other drugs Unknown 


cAMP = 3’—S’cyclic adenosine monophosphate. 


Adenosine has been shown to induce atrial fibrillation via a direct stimulatory 


effect on pulmonary vein tissue, increasing pulmonary vein ectopic activity.®° 
Adenosine has been also shown to shorten the atrial effective refractory period and, 
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therefore, may promote reduction in atrial wavelength and the development of 
multiple re-entrant atrial wavelets.°°’°>° There may be multiple mechanisms of 
alcohol-induced atrial fibrillation, including increased sympathetic nervous system 
stimulation, shortening of atrial effective refractory periods, increasing interatrial 
electromechanical delays, and/or via vagal activity, °3+/42.859:860 


Mechanisms by which the bisphosphonate drugs alendronate and zoledronic 
acid could cause atrial fibrillation are unclear. It has been suggested that 
bisphosphonate drugs may cause atrial fibrillation through the release of 
inflammatory cytokines,which have been associated with the development of atrial 
fibrillation. *°8°!86? However, bisphosphonate drugs have been shown to directly 
shorten atrial action potential duration and effective refractory periods, suggesting 
that the drugs exert direct atrial electrophysiologic effects.°°? Further study is 
necessary to determine the mechanism of bisphosphonate-induced atrial fibrillation 
and to confirm that this is truly a disease that is induced by drugs from this class. 

The mechanism by which ivabradine induces atrial fibrillation is unknown. 
Ivabradine inhibits hyperpolarization-activated cyclic nucleotide-gated (le) 
channels in the pulmonary veins, decreasing spontaneous electrical activity; this 
should translate to an antiaarhythmic action rather than atrial proarrhythmia.°™ 
Mechanisms underlying ivabradine-induced atrial fibrillation require further 
investigation. 

Many of the drugs that have been reported to cause atrial fibrillation or atrial 
flutter have commonly been used for the management of these arrhythmias. Despite 
the fact that flecainide has been shown to be effective for the prevention and 
management of atrial fibrillation, data from studies in animals indicate that 
flecainide may shorten atrial conduction velocity and wavelength, effects which 
may promote the development of atrial fibrillation.°©°°° Amiodarone-induced 
atrial fibrillation may, at least in some cases, be due to amiodarone-induced 
thyrotoxicosis.°°”*°8 Dobutamine has been shown to shorten atrial effective 
refractory periods, while theophylline has been shown to increase atrial 
automaticity.°°-°’? Mechanisms by which other drugs may induce atrial fibrillation 
or flutter require further study. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The symptoms of drug-induced atrial fibrillation and atrial flutter are related to the 
degree of tachycardia and the resultant effect on blood pressure and cardiac output 
(Table 26-15). The symptoms of atrial fibrillation may be indistinguishable from 
those of atrial flutter, and, therefore, atrial fibrillation and atrial flutter must be 
distinguished from one another (and from other tachyarrhythmias) by ECG. 
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Table 26-15 Signs and Symptoms Associated with Drug-Induced 


Atrial Fibrillation/F lutter 


* Fatigue 

* Palpitations 

* Dizziness 

¢ Light-headedness 

* Dyspnea 

* Hypotension 

* Chest pain (if underlying coronary artery disease is present) 
* Heart failure symptoms 

¢ Near-syncope 

* Syncope 





The onset of drug-induced atrial fibrillation or flutter is variable, depending on 
the inducing drug. Adenosine-induced atrial fibrillation or flutter occurs within 1 
minute of administration of this extremely short-acting agent.**! In a study of 
amiodarone or propafenone-induced atrial flutter, the mean (+SD) time of onset 
was 5 + 5.5 months after the initiation of treatment, whereas atrial flutter has been 
reported in association with flecainide therapy of 2 months’ duration.>*’*? The 
duration of episodes of drug-induced atrial fibrillation or flutter is also somewhat 
variable; a case of albuterol-induced atrial fibrillation lasted several 
hours,whereas atrial flutter associated with amiodarone or propafenone may 
require intervention to terminate the arrhythmia. ’?*-”>* 


Sinus rhythm was the preceding rhythm in 88% of patients in whom adenosine- 
induced atrial fibrillation developed, whereas the remaining 12% of patients had 
atrial ectopic activity prior to the development of atrial fibrillation.’!! The mean 
ventricular rate associated with adenosine-induced atrial fibrillation was 107 + 43 
bpm.’!! Adenosine-induced episodes of atrial fibrillation tend to be of short 
duration. The mean duration of episodes of atrial fibrillation associated with 
adenosine was 5.6 + 6.7 minutes (range, 8 seconds to 20.7 minutes). 7!! 


Conditions to consider in the differential diagnosis of drug-induced atrial 
fibrillation/flutter are presented in Table 26-16. Nondrug-induced atrial 
fibrillation/flutter must be considered; drug-induced atrial fibrillation/flutter is 
more likely in patients who are receiving drugs that have been reported to cause 
atrial fibrillation or flutter, particularly in patients with no known risk factors or 
causes for nondrug-induced atrial fibrillation/flutter, such as hypertension, ischemic 
heart disease, heart failure, valvular heart disease, rheumatic fever, or 
hyperthyroidism, or in those who have undergone thoracic surgery within the 
previous 2—5 days. 
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Table 26-16 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Atrial Fibrillation/Flutter 


¢ Atrial fibrillation or flutter not induced by drugs 
¢ Sinus tachycardia 

* Atrial tachycardia 

¢ Atrioventricular node re-entrant tachycardia 

¢ Junctional tachycardia 

¢ Ventricular tachycardia 


RISK FACTORS 


Risk factors for drug-induced atrial fibrillation or flutter have not yet been fully 
characterized; known risk factors are presented in Table 26-17. Atrial fibrillation 
associated with adenosine does not appear to be related to sex or age and may 
occur in patients with no history of atrial fibrillation.’!' Atrial fibrillation induced 
by adenosine is not related to the type of arrhythmia being treated.’!! Premature 
atrial complexes occur significantly more frequently in patients who have 
experienced adenosine-induced atrial fibrillation (100%) compared with those 
who did not (58%) and, therefore, may be somewhat predictive of impending drug- 
induced atrial fibrillation. /! 





Table 26-17 Risk Factors for Drug-Induced Atrial 


Fibrillation/Flutter 





Adenosine 


¢ Premature atrial complexes 


Alcohol 


* Dose >30 g daily 
¢ Withdrawal 


Amiodarone 
* Left atrial hypertrophy 


Dobutamine 


¢ Advancing age 
¢ History of atrial fibrillation 
* Combined history of atrial fibrillation and heart failure 


Other drugs 


¢ Unknown 
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Alcohol dose is a risk factor for alcohol-induced atrial fibrillation. In one 
study, the mean dose of alcohol consumed during the week prior to the atrial 
fibrillation episode was 186 g compared with 86 g ina control population in whom 
alcohol-induced atrial fibrillation did not develop.’** Another study found that the 
risk of alcohol-induced atrial fibrillation was increased in patients who consumed 
more than an average of 30 g alcohol daily.”*! The risk of alcohol-induced atrial 
fibrillation increases with the number of drinks consumed, with the risk greatest for 
those patients who consume >21 drinks weekly, although as little as 1 alcoholic 
drink per day may increase the risk.“°’48 Alcohol withdrawal may increase the 
risk of alcohol-induced atrial fibrillation.’ 


In patients receiving amiodarone for treatment of atrial fibrillation, 
amiodarone-induced atrial flutter does not appear to be related to age, sex, 
presence of structural heart disease, left ventricular function, or duration of atrial 
fibrillation; however, left atrial enlargement (>40 mm) may be a risk factor.”** 
Independent risk factors for dobutamine-induced atrial fibrillation include 
advancing age (OR 1.37 [95% CI 1.13—1.65]) per 10-year increase), history of 
atrial fibrillation (18.4 [12.2—27.7]), and combined history of atrial fibrillation and 
heart failure (7.98 [4.11—15.5]).7°3 


MORBIDITY AND MORTALITY 


Symptoms associated with drug-induced atrial fibrillation or flutter could 
potentially result in hospitalization or prolonged duration of stay in a hospital or 
critical care unit, although prolonged duration of hospital stay as a result of drug- 
induced atrial fibrillation or flutter has not been reported. Drug-induced atrial 
fibrillation could result in stroke, but this has not yet been described. Death due to 
drug-induced atrial fibrillation or flutter has not been reported. 


PREVENTION 


For the most part, specific methods of prevention of drug-induced atrial fibrillation 
or atrial flutter have not been determined. However, the risk of alcohol-induced 
atrial fibrillation can be minimized by avoiding binge drinking and excessive doses 
of alcohol, by consuming less than 30 g alcohol daily, and by consuming less than 
15 drinks per week (Table 26-18).’4!-42-46 Moretti et al.8°! reported the case of a 
patient treated with intermittent courses of high doses of intravenous 
methylprednisolone for multiple sclerosis in whom recurrent atrial fibrillation 
attributed to the corticosteroid developed. Pretreatment prophylaxis with sotalol 
was ineffective, but pretreatment prophylaxis with oral propafenone 300 mg three 
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times daily was effective at preventing methylprednisolone-induced atrial 
fibrillation. 


Table 26-18 Approaches to Help Prevent Drug-Induced Atrial 


Fibrillation/Flutter 





Alcoho[!41:742,746 


¢ Avoid binge drinking/excessive doses 
* Consume <30 g daily 
* Consume <15 drinks per week 


Methylprednisolone®®! 
* Propafenone 300 mg 3 times daily 


Other drugs 


¢ Administer lowest effective dose 


MANAGEMENT 


The causative agent should be discontinued. In a series of cases of adenosine- 
induced atrial fibrillation, 67% of patients converted to sinus rhythm spontaneously, 
whereas 33% required cardioversion.’!! Therefore, hemodynamically stable drug- 
induced atrial fibrillation or atrial flutter 1s associated with a high incidence of 
spontaneous conversion, and treatment may not be necessary. In patients who do not 
convert spontaneously to sinus rhythm, intravenous drugs for ventricular rate 
control should be administered (Table 26-19).*°* For patients with normal left 
ventricular function, an intravenous B-blocker or calcium-channel blocker should 
be administered. Diltiazem may be preferred over verapamil as a result of a lower 
risk of symptomatic hypotension.*”! For patients with HFrEF, intravenous calcium- 
channel blockers and f-blockers should be avoided because of the risk of 
exacerbation of heart failure; intravenous digoxin or amiodarone should be 
administered instead.*°? In patients with rapid heart rates that do not respond 
promptly to drug therapy for ventricular rate control, or in patients with atrial 
fibrillation/flutter in whom symptoms are _ unacceptable, direct-current 
cardioversion should be administered. However, if atrial fibrillation has been 
present for >48 hours, or if the duration of the episode of atrial fibrillation 1s 
unknown, patients should undergo transesophageal echocardiography to rule out an 
atrial thrombus before electrical or pharmacologic cardioversion is performed. 
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After the administration of agents to control the ventricular rate, drug-induced 
atrial fibrillation or flutter should be converted to sinus rhythm, using either 
elective direct-current cardioversion or pharmacologic cardioversion. Acceptable 
agents for pharmacologic cardioversion include amiodarone, dofetilide, flecainide, 
ibutilide, or propafenone (Table 26-19). If the atrial fibrillation was induced by a 
sodium channel blocking agent, conversion to sinus rhythm should be achieved 
using direct-current cardioversion or ibutilide. It should be noted, however, that the 
effectiveness of antiarrhythmic drug therapy for drug-induced atrial fibrillation or 
atrial flutter has not been studied. 


Table 26-19 Treatment Options for Drug-Induced Atrial 


Fibrillation®>> 





DISCONTINUE THE OFFENDING AGENT 


Drug/Tre atme nt Recommended Doses 


Ventricular rate control in patients with normal left ventricular function 


Esmolol Loading dose: 500 mcg/kg IV over | minute 
Maintenance infusion: 50-300 mcg/kg/min IV 
Metoprolol 2.5—5 mg IV bolus over 2 minutes; up to 3 doses at 10-minute intervals 
Propranolol 1 mg IV over | minute; up to 3 doses at 2-minute intervals 
Diltiazem Loading dose: 0.25 mg/kg IV over 2 minutes 
Maintenance infusion: 5—15 mg/hr IV 
Verapamil 0.075—0.15 mg/kg IV over 2 minutes 


If necessary, administer an additional dose of 10 mg 30 minutes later 
Ventricular rate control in patients with heart failure with reduced ejection fraction 
Amiodarone Loading dose: 300 mg IV over | hour 

Maintenance infusion: 10-50 mg/hr IV for up to 24 hours 


Conversion to sinus rhythm 


Direct-current cardioversion 100 Joules, escalating if necessary 
Amiodaronea Loading dose: 150 mg IV over 10 minutes 


Maintenance dose: | mg/min continuous IV infusion for 6 hours, then 
0.5 mg/min continuous IV infusion for 18 hours 


Dofetilide CrCL >60 mLinin: 500 mcg orally twice daily 
CrCL 40-60 mL/min: 250 mcg orally twice daily 
CrCL 20-40 mL/min: 125 mcg orally twice daily 
CrCL <20 mL/min: contraindicated 


Flecainidea 200-300 mg single oral dose 


Tbutilide 1 mg IV over 10 minutes; repeat with a second 1-mg dose 10 minutes 
after the first dose if atrial fibrillation persists 


Propafenonea 600 mg single oral dose 
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CrCL = creatinine clearance, IV = intravenously. 
alf the cause of the atrial fibrillation is a sodium channel-blocking drug (amiodarone, flecainide, propafenone), 


avoid the use of additional sodium channel-blocking agents and administer direct-current cardioversion or 
ibutilide. If the atrial fibrillation is caused by theophylline toxicity, administer activated charcoal 50—100 g, 
followed by 50 g q 4 hr. Alternatively, continuous hemodialysis with filtration may be performed. 


In patients with atrial fibrillation in whom new atrial flutter induced by 
amiodarone or propafenone develops, radiofrequency catheter ablation of the 
isthmus between the tricuspid annulus and the inferior vena cava has been used to 
terminate the atrial flutter while allowing patients to remain on antiarrhythmic drug 
therapy for the management of the atrial fibrillation.+’*° Radiofrequency catheter 
ablation of drug-induced atrial flutter is successful in 90—-100% of patients, and 
drug-induced atrial flutter did not recur in 14 of 15 patients during a 1-year follow- 
up period. /*+ 

If the drug-induced atrial fibrillation is a result of a theophylline overdose, 
activated charcoal may be administered.*’* Alternatively, continuous hemodialysis 
with filtration may be performed.®”/ 


Table 26-20 Agents Implicated in Drug-Induced Atrial 





Tachycardia 


Drug Incidence Level of Evidence* 
Albuterol721 K 





Caffeine874-876 K 
Digoxin148,877-889 0-4% 
Phenylpropanolamine875 NK 
Terbutaline890 K 


Theophylline822,890-895 0-16%b 


Wy a; ay By} a] a 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence increases with increasing serum theophylline concentration. 


INFORMATION FOR PATIENTS 








Patients who are taking drugs known to cause atrial fibrillation or flutter should be 
instructed that the medication, in rare instances, may cause the heart rate (pulse) to 
become faster. Patients should take their pulse daily and should be instructed to 
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consult their pharmacist or physician if the heart rate increases to above 100—120 
bpm, or if they feel palpitations, light-headed, dizzy, fatigued, weak, short of breath, 
or experience chest pain. 


ATRIAL TACHYCARDIA 


Atrial tachycardia is a supraventricular arrhythmia that is characterized on ECG by 
discrete P-waves and narrow or normal QRS duration, at a rate usually between 
100 and 250 bpm.8”* There are two primary types of atrial tachycardia: focal atrial 
tachycardia (which will be referred to simply as atrial tachycardia), in which the 
arrhythmia is initiated at a single localized atrial focus, and multifocal atrial 
tachycardia, in which there are multiple atrial foci. Focal atrial tachycardia 1s 
characterized by regular intervals between QRS complexes on ECG, whereas 
multifocal atrial tachycardia is associated with irregular QRS intervals and three or 
more P-wave morphologies.*”* Atrial tachycardia may occur intermittently, which 
is commonly referred to as paroxysmal atrial tachycardia. 


CAUSATIVE AGENTS 


Drugs that have been reported to cause atrial tachycardia are listed in Table 26- 
2), 148,721,822,874-895 


EPIDEMIOLOGY 


Paroxysmal atrial tachycardia is often described as a characteristic arrhythmia 
associated with digoxin toxicity.°° However, at one large urban medical center, 
“definite” paroxysmal atrial tachycardia was documented in only 2% of 219 
patients with a discharge diagnosis of digoxin intoxication.!** In this analysis, 
paroxysmal atrial tachycardia occurred less frequently than any other arrhythmia 
associated with digoxin intoxication. Therefore, despite the commonly held belief 
that paroxysmal atrial tachycardia is commonly associated with digoxin toxicity, it 
appears to occur relatively rarely. 

The incidence of multifocal atrial tachycardia associated with theophylline is 
dependent on serum theophylline concentrations.8” In an analysis of 100 patients 
receiving theophylline, atrial tachycardia did not occur in the patients with serum 
theophylline concentrations <l10 mcg/mL. However, in patients with serum 
theophylline concentrations between 10 and 20 mcg/mL, the incidence of atrial 
tachycardia was 8%, and the incidence rose to 16% in patients with serum 
theophylline concentrations >20 meg/mL.®”° 
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MECHANISMS 


Mechanisms of drug-induced atrial tachycardia are not entirely clear, but are likely 
related to increasing the automaticity of atrial tissue (Table 26-21).8” This may 
occur because of f-receptor stimulation associated with drugs such as albuterol or 
terbutaline or through phosphodiesterase inhibition and the resulting elevated 
concentrations of cyclic adenosine monophosphate associated with caffeine or 
theophylline. 


Table 26-21 Mechanisms of Drug-Induced Atrial Tachycardia 





Drug Mechanism 

Albuterol, terbutaline Stimulation of B-receptors, leading to enhanced atrial 
automaticity 

Caffeine, theophylline Phosphodiesterase inhibition, leading to increased 


plasma concentrations of cyclic adenosine 
monophosphate, resulting in enhanced atrial 
automaticity 


Digitalis glycoside toxicity Extreme inhibition of the sodium—potassium—adenosine 
triphosphatase pump, leading to markedly increased 
myocyte concentrations of sodium, which are 
exchanged with calcium, ultimately resulting in 
markedly increased myocyte calcium concentrations, 
promoting enhanced atrial automaticity 


The mechanism of paroxysmal atrial tachycardia with AV nodal blockade 
associated with digitalis glycoside toxicity is likely related to profound inhibition 
of the sodium—potassium—adenosine triphosphatase pump. This leads to markedly 
increased myocyte sodium concentrations, which in turn are exchanged with 
calcium, ultimately resulting in markedly increased myocyte concentrations of 
calcium. This promotes enhanced atrial automaticity due to delayed phase-4 
repolarization in the atrial action potential.°”° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The symptoms of drug-induced atrial tachycardia are related to heart rate and the 
resultant effect on blood pressure and cardiac output (Table 26-22). The diagnosis 
of drug-induced atrial tachycardia must be made primarily on the basis of the 
appearance on ECG. Conditions to consider in the differential diagnosis of drug- 
induced atrial tachycardia are presented in Table 26-23. 
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Table 26-22 Signs and Symptoms Associated with Drug-Induced 


Atrial Tachycardia 





* Palpitations 

* Fatigue 

* Dizziness 

¢ Light-headedness 

¢ Shortness of breath 

* Chest pain (if underlying coronary artery disease is present) 
¢ Near-syncope 

* Syncope 


Table 26-23 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Atrial Tachycardia 


¢ Atrial fibrillation 

¢ Atrial flutter 

¢ Atrial tachycardia not induced by drugs 
¢ Sinus tachycardia 

¢ AV nodal re-entrant tachycardia 

* Junctional tachycardia 

¢ Ventricular tachycardia 





AV = atrioventricular. 





Table 26-24 Risk Factors for Drug-Induced Atrial Tachycardia 


Digoxin 

¢ Serum digoxin concentrations >2 ng/mL 

* Kidney disease 

¢ Drug interactions leading to elevated serum digoxin concentrations 
* Hypomagnesemia 

Theophylline 


¢ Serum theophylline concentrations >20 mcg/mL 


RISK FACTORS 


Risk factors for drug-induced atrial tachycardia are presented in Table 26-24. 
Paroxysmal atrial tachycardia with AV block is extremely rare at therapeutic serum 
digoxin concentrations but occurs primarily when serum digoxin concentrations 
increase to >2 ng/mL. Therefore, risk factors for digoxin-induced paroxysmal atrial 
tachycardia with AV block are the same as those for digoxin toxicity. Because 
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digoxin is cleared primarily by the kidneys, renal dysfunction is a primary risk 
factor for digoxin toxicity and digoxin-induced atrial tachycardia with AV block. In 
addition, drug interactions that result in increased serum digoxin concentrations 


enhance the risk of digoxin-related arrhythmias. Amiodarone, verapamil, and 


quinidine are known to significantly increase serum digoxin concentrations.©?-6 


Paroxysmal atrial tachycardia with AV block associated with digitalis toxicity 
may occur in patients across a wide range of ages. In one series, in which 31 cases 
of paroxysmal atrial tachycardia with AV block were reported in association with 
digitoxin, the age range of patients varied from 20 to 73 years (average, 52).°”° 
There were 15 women and 16 men, with a variety of underlying cardiovascular 
disorders, including valvular heart disease (n = 14), congenital heart diseases (n = 
6), and ischemic heart disease (n = 1).°’8 Although digoxin-induced atrial 
tachycardia most commonly occurs in patients with digoxin toxicity, it has been 
reported in patients with therapeutic serum digoxin concentrations who are 
hypomagnesemic.°°? As mentioned previously, elevated serum theophylline 
concentration is a risk factor for theophylline-induced atrial tachycardia. New 
supraventricular arrhythmias including multifocal atrial tachycardia were reported 
in seven patients with serum theophylline concentrations between 21 and 40 
meg/mL.8%4 


MORBIDITY AND MORTALITY 


Patients with paroxysmal atrial tachycardia with AV block may present to the 
emergency department and require hospitalization for management of digoxin 
toxicity. The incidence of mortality associated with digitalis-induced paroxysmal 
atrial fibrillation and AV block has not been reported, but is likely extremely low. 
In the series of 31 patients with digitoxin-induced paroxysmal atrial tachycardia, 
two patients died, but neither death appears to have been related to the arrhythmia 
or the digitoxin toxicity.°’* Patients with atrial tachycardia associated with other 
drugs may also present to the emergency department for treatment, particularly in 
the event of theophylline toxicity. 


PREVENTION 


Digoxin-associated paroxysmal atrial tachycardia with AV nodal blockade is 
usually preventable by maintaining serum digoxin concentrations <2 ng/mL (Table 
26-25). Measurement of serum digoxin concentrations is therefore recommended in 
patients who may be at risk for elevated concentrations, including patients with 
kidney disease or changing kidney function and those receiving concomitant therapy 
with drugs known to increase serum digoxin concentrations (particularly 
amiodarone, verapamil, or quinidine). In patients with kidney disease, appropriate 
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dose adjustment should be made. In general, patients with calculated creatinine 
clearance <20 mL/min should receive an initial reduced digoxin dose of 0.125 mg 
daily.8°78°8 In patients with calculated creatinine clearance <20 mL/min who are 
receiving concomitant therapy with drugs known to inhibit the elimination of 
digoxin, the initial digoxin dose should be 0.125 mg every other day. In patients 
taking digoxin, serum potassium and magnesium concentrations should be 
maintained within the normal range. 


Atrial tachycardia associated with theophylline may be prevented by 
maintaining serum theophylline concentrations <20 mcg/mL. 


Table 26-25 Approaches to Help Prevent Drug-Induced Atrial 
Tachycardia 


Digoxin 

¢ Maintain serum digoxin concentrations <2 ng/mL 

¢ Appropriate dose adjustment for kidney disease 

¢ Appropriate dose adjustment in the presence of interacting drugs, particularly amiodarone, verapamil, or 
quinidine 

¢ Maintain normal serum magnesium concentration 

Theophylline 


¢ Maintain serum theophylline concentrations <20 mcg/mL 


MANAGEMENT 








Treatment options for drug-induced atrial tachycardia are presented in Table 26-26. 
Digoxin-associated paroxysmal atrial tachycardia with AV nodal block should be 
managed by withholding digoxin therapy until serum digoxin concentrations decline 
to <2 ng/mL. Because paroxysmal atrial tachycardia with AV block is rarely life- 
threatening, it is usually not necessary to administer digoxin immune antibody 
fragments. In the very rare event that the arrhythmia is hemodynamically unstable, 
synchronized direct-current cardioversion should be used to terminate the 
arrhythmia. Attempts to sedate the patient should be made, unless the urgency of the 
situation does not permit. Initial cardioversion energy should be 50-100 J for focal 
atrial tachycardia and 120—200 J biphasic or 200 J monophasic for multifocal atrial 
tachycardia. Following the conversion of hemodynamically unstable paroxysmal 
atrial tachycardia with AV block, digoxin immune antibody fragments should be 
administered to prevent recurrence of the hemodynamically unstable arrhythmia. 
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Table 26-26 Management of Drug-Induced Atrial Tachycardia 


DISCONTINUE THE OFFENDING AGENT 
Hemodynamic Stability Recommended Doses 


Hemodynamically unstable Synchronized DC cardioversion (initial energy 50-100 J, focal atrial 
tachycardia; 120—200 J biphasic shock or 200 J monophasic shock for 
multifocal atrial tachycardia) 


If due to digoxin toxicity: Admmister digoxin immune antibody fragments. 
The dose is based on the serum digoxin concentration: 
Number of 38-mg vials = serum digoxin concentration x weight (kg) = 100. 


If the arrhythmia is a result of an acute digoxin overdose and the 


amount of digoxin ingested is known, the dose of digoxin immune 


antibody fragments should be calculated as follows: 
Number of 38-mg vials = mg digoxin ingested acutely x 0.8 = 0.5. 


If due to theophylline toxicity: Administer activated charcoal: 50-100 g, 


followed by 50 g q 4 hr 
Hemodynamically stable focal | Esmolol 500 mcg IV bolus over 1 minute, followed by 50-300 mcg/kg/min, 
atrial tachycardia with repeated boluses between each dose increase 
Or 


Metoprolol 2.5—5 mg IV bolus over 2 minutes; can repeat 2.5—-5 mg IV bolus 
in 10 minutes, up to 3 doses 


Or 


Propranolol 1 mg IV over 1 minute; can repeat | mg IV at 2-minute intervals, 
up to 3 doses 

Or 

Diltiazem 0.25 mg/kg IV bolus over 2 minutes, followed by infusion at 5—10 
mg/hr 

Or 


Verapamil 5—10 mg (0.075—0.15 mg/kg) IV bolus over 2 minutes; if no 
response, administer an additional 10 mg (0.15 mg/kg) 30 minutes after the 
first dose, then infusion at 0.005 mg/kg/min 


For patients with HFrEF: Adenosine 6 mg rapid IV injection bolus, 
administered over 1—2 seconds, followed by rapid saline flush; if no 
response within 1-2 minutes, administer 12 mg IV rapid bolus; a second 12 
mg dose can be administered if necessary 


Hemodynamically stable IV metoprolol or verapamil at doses recommended above 
multifocal atrial tachycardia 


DC = direct current, HFrEF = heart failure with reduced ejection fraction, [V = intravenous. 


Hemodynamically stable drug-induced atrial tachycardia should be managed 
with intravenous B-blockers, diltiazem or verapamil.*’?8°* Drug-induced atrial 


tachycardia may also be responsive to treatment with adenosine.*”* In patients with 
drug-induced atrial tachycardia who have HFrEF and are unresponsive to 
adenosine, intravenous amiodarone may be administered. If the drug-induced atrial 
tachycardia is a result of a theophylline overdose, activated charcoal may 
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administered.8’* For patients with drug-induced multifocal atrial tachycardia, 
therapy with intravenous metoprolol or verapamil is recommended.*”3 


INFORMATION FOR PATIENTS 


Patients who are taking drugs that are known to cause atrial tachycardia should be 
instructed that the drug may in rare cases cause the heart rate (pulse) to become 
faster. Patients should be taught to take their pulse and to monitor their heart rate 
daily. Patients should be instructed to consult their pharmacist or physician if the 
heart rate increases above 100-120 bpm or if they feel light-headed, dizzy, tired, 
weak, or short of breath, or experience chest pain. 


AV NODE RE-ENTRANT TACHYCARDIA 


AV node re-entrant tachycardia (AVNRT) is the most common form of the group of 
arrhythmias commonly referred to as paroxysmal supraventricular tachycardia. 
AVNRT is characterized on ECG by regular, narrow QRS complexes, often with an 
absence of discernible P-waves.°” 








CAUSATIVE AGENTS 


Drugs that have been associated with AVNRT are listed in Table 26- 
27 721,771,772,782,824,892,894,899-939 


Table 26-27 Agents Implicated in Drug-Induced 
Atrioventricular Node Re-entrant Tachycardia 








Drug Level of Evidence* 
Albuterol721,899-908 A 
Caffeine909-9 12, C 
Carbamazepmne913 C 
Clozapine9 11,914,915 C 
Dobutamine771,772,782,916-929 A 
Enoximone9 16 A 
Fluoxetine930, 931 C 
Furosemide932 NK C 
Ipratropium933,934 0.5% A 
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Methylprednisolone935,936 
Phenylpropanolamine937 
Theophylline 72 1,824,892,894,899,938,939 | NKb 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence reported to be up to 76% in patients receiving concomitant therapy with albuterol and theophylline. 


cSuicide attempt or overdose, 2.7—35 g caffeine ingested; one case with intravenous caffeine administration, 


one case with intradermal caffeine administration. 


EPIDEMIOLOGY 


The incidence of drug-induced AVNRT is largely unknown. The incidences of 
AVNRT associated with albuterol, dobutamine, and ipratropium are presented in 
Table 26-27. 


MECHANISMS 


Mechanisms of drug-induced AVNRT are somewhat unclear. Nondrug-related 
AVNRT was previously thought to be caused by a re-entrant circuit involving the 
AV node, in which there is antegrade conduction over the slow-conducting portion 
of the circuit and retrograde conduction over the faster-conducting portion.”40-"4! 
However, it is now recognized that the re-entrant circuit often is not confined to the 
AV node, but involves perinodal tissue.*/* AV nodal or perinodal re-entry is usually 
initiated by a premature atrial impulse that “uncovers” the latent re-entrant circuit 
by creating the circumstances required for re-entry, namely, unidirectional block in 
the fast pathway and further slowing of impulse conduction down the slow pathway. 
Therefore, it is possible that drugs that cause AVNRT do so by stimulating 
premature atrial depolarizations that provoke AV nodal re-entry. In cases of 
AVNRT that occurred in association with continuous furosemide infusions in infants 
or children after cardiac surgery, the authors speculated that a rapid change in 
intravascular volume may have contributed to the development of the arrhythmias, 
possibly as a result of intercompartmental electrolyte shifts.2°? Overall, the 
mechanisms by which drug-induced AVNRT occurs have not been determined but 
are likely related to stimulation of premature atrial depolarizations, alterations in 
AV nodal conduction velocity or repolarization, or both. 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The symptoms of drug-induced AVNRT are similar to those of other 
tachyarrhythmias (Table 26-28) and are related to heart rate and the resultant effect 
on blood pressure and cardiac output. Ventricular rates associated with drug- 
induced AVNRT can be quite fast, ranging from 150 to 300 bpm.?3!.?32.937 
Conditions to consider in the differential diagnosis of drug-induced AVNRT are 
presented in Table 26-29. The diagnosis of AVNRT must be made primarily on the 
basis of the appearance of the rhythm on ECG. 





Table 26-28 Signs and Symptoms Associated with Drug-Induced 


Atrioventricular Node Re-entrant Tachycardia 





* Palpitations 

¢ Dizziness 

* Fatigue 

¢ Light-headedness 

* Shortness of breath 

* Chest pain (if underlying coronary artery disease is present) 
¢ Near-syncope 

* Syncope 


Table 26-29 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Atrioventricular Node Re-entrant Tachycardia 


¢ Atrial fibrillation 

* Atrial flutter 

¢ Atrial tachycardia 

¢ Sinus tachycardia 

¢ Junctional tachycardia 

¢ AV nodal re-entrant tachycardia not induced by drugs 
¢ Ventricular tachycardia 


AV = atrioventricular. 


RISK FACTORS 


Known or potential risk factors for drug-induced AVNRT are presented in Table 
26-30. Albuterol-induced AVNRT appears to be more likely in patients receiving 
the drug intravenously, particularly at infusion rates >60 mcg/min.”.9°° AVNRT 
associated with dobutamine occurs more commonly in men than in women and in 
elderly patients.’”4°?!°? In addition, severity of myocardial ischemia has been 
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shown to be an independent predictor of dobutamine-induced AVNRT; in a study of 
1,076 patients undergoing dobutamine stress myocardial perfusion imaging, the 
mean myocardial infarction score (calculated based on assessment of fixed 
perfusion defects during myocardial perfusion scintigraphy) was 4.4 + 4.1 in 
patients with AVNRT, as compared with 2.8 + 3.5 in those without it, and the 
infarction score was an independent predictor of AVNRT.?”” 


Table 26-30 Risk Factors for Drug-Induced Atrioventricular 





Node Re-entrant Tachycardia 
Albuterol 


* Continuous intravenous infusion 
¢ Intravenous infusion rate >60 mcg/min 
* Concomitant therapy with theophylline 


Dobutamine 


° Male sex 
* Elderly 
* Myocardial infarction score on dobutamine stress test 


Furosemide 


* Reported only in infants or children following cardiac surgery 
* Continuous infusion resulting in profound diuresis (8—10 mL/kg/hr) 


Theophylline 


¢ Serum theophylline concentrations >20 mcg/mL 
* Concomitant therapy with albuterol 


All of the reported cases of AVNRT associated with continuous furosemide 
infusions (” = 3 patients) have occurred in infants or children after cardiac surgery. 
In these patients, the arrhythmia occurred within 3—7 hours after the initiation of a 
furosemide infusion of | mg/kg/hr. A common factor in these three patients was 
substantial diuresis resulting from the furosemide, in the range of 8—10 mL/kg/hr, as 
compared with an average fluid elimination of 2.5 mL/kg/hr in 22 other patients 
who had received a similar furosemide infusion.?>* Serum potassium concentration 
was below normal limits in one of the three patients in whom the arrhythmia 
developed but remained normal in the other two cases. Therefore, it is possible that 
a large amount of fluid loss may be a risk factor or predictor of drug-induced 
AVNRT in infants or children receiving a continuous infusion of furosemide after 
cardiac surgery. Serum theophylline concentration is a risk factor for theophylline- 
induced supraventricular arrhythmias; new supraventricular arrhythmias were 
reported in seven patients with serum theophylline concentrations between 21 and 
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40 meg/mL.*”* Risk factors for AVNRT associated with other drugs have not been 
identified. 


MORBIDITY AND MORTALITY 


Drug-induced AVNRT may result in symptoms sufficient to result in presentation to 
the emergency department and hospitalization.?°%?!2.°.4 Tn addition, drug-induced 
AVNRT may result in prolongation of stays in the intensive care unit and the 
hospital.”>!°32 Mortality associated with drug-induced AVNRT is likely quite rare. 


PREVENTION 


The likelihood of albuterol-induced AVNRT may be reduced by avoiding 
continuous intravenous infusions at doses >60 mcg/min (Table 26-31). 
Combinations of drugs that may induce AVNRT should be avoided, particularly the 
concomitant administration of albuterol and theophylline. In the cases of 
furosemide-induced AVNRT in infants and children after cardiac surgery, 
substantial fluid elimination appears to have been a risk factor, and in that 
population, avoidance of diuresis of volumes >2.5 mL/kg/hr over periods of 3—7 
hours may minimize the risk.”°* Maintaining serum theophylline concentrations <20 
mcg/mL reduces the risk of theophylline-induced supraventricular arrhythmias. 


Table 26-31 Approaches to Help Prevent Drug-Induced 





Atrioventricular Node Re-entrant Tachycardia 


Albuterol 


¢ Avoid continuous intravenous infusions at rate >60 mcg/min 
¢ Avoid concomitant therapy with theophylline 


Furosemide 
¢ Avoid diuresis of volumes >2.5 mL/kg/hr over periods of 3—7 hr in infants/children after cardiac surgery 


Theophylline 


¢ Maintain serum theophylline concentrations <20 mcg/ mL 
¢ Avoid concomitant therapy with albuterol 


MANAGEMENT 
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Management options for drug-induced AVNRT are presented in Table 26-32. As 
with other drug-induced arrhythmias, initial management of drug-induced AVNRT is 
discontinuation of therapy with the offending agent. If the patient is 
hemodynamically unstable, synchronized direct-current cardioversion should be 
administered, using an initial energy of 50-100 J.°% Sedation of the patient is 
always preferred unless hemodynamic instability is so severe that there is no time 
for sedation. 

In patients who are hemodynamically stable, drug-induced AVNRT may 
respond to agents typically used to treat nondrug-induced AVNRT.®” Adenosine has 
been found to be effective for AVNRT associated with albuterol and may be used as 
a drug of first choice for hemodynamically stable AVNRT.°”3°°7 Intravenous 
verapamil 2.5 mg has been effective for terminating AVNRT associated with 
fluoxetine.”*! 


INFORMATION FOR PATIENTS 








Patients who are taking drugs that may cause AVNRT should be instructed that the 
medication may, in rare instances, cause the heart rate (pulse) to become faster. 
Patients should be instructed to take their pulse daily and to consult their 
pharmacist or physician if the heart rate increases to above 100—120 bpm, or if they 
feel palpitations, light-headed, dizzy, tired, weak, or short of breath, or experience 
chest pain. 


Table 26-32 Management Options for Drug-Induced 


Atrioventricular Node Re-entrant Tachycardia®/3 


In hemodynamically unstable In hemodynamically stable 





patients: patients: 
Discontinue the offending agent Discontinue the offending agent 
Synchronized DC cardioversion (initial energy 50-100 | Vagal maneuvers (cough, carotid sinus massage, 
J) Valsalva) 
Adenosine 6 mg IV rapid bolus, followed by saline 
flush 


If no response within 2 minutes, adenosine 12 mg IV 
rapid bolus, followed by saline flush; can administer 
a second 12 mg dose if necessary 

If no response to adenosine and patient has LVEF 
>40% and/or no history of HFrEF: IV B-blocker, 
diltiazem or verapamil at doses listed in Table 26-26 

If no response to IV B-blocker, diltiazem or verapamil: 
synchronized DC cardioversion 


1093 


If no response to adenosine in patient with HFrEF: 
synchronized DC cardioversion 


DC = direct current, HFrEF = heart failure with reduced ejection fraction, IV = intravenous, J = Joules, LVEF = 
left ventricular ejection fraction. 
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CHAPTER 27 


Hypertension 


Liza W. Claus and Joseph J. Saseen 


More than 80 million Americans have hypertension, or approximately one out of 
three adults.! Hypertension is a chronic medical condition that is characterized by 
persistent increases in systolic or diastolic blood pressure, or both. The term 
elevated blood pressure has replaced the category formerly known as 
prehypertension and is used to identify patients with blood pressures higher than 
normal but not yet to the threshold diagnostic for hypertension.” Hypertension is 
elevated blood pressure nearly always asymptomatic. Target organ damage (e.g., 
coronary artery disease, chronic kidney disease/failure, ischemic stroke), 
commonly presenting as a cardiovascular event, is the primary cause of associated 
morbidity and mortality in patients with hypertension. Most patients (90-95%) 
with hypertension have primary (also known as essential) hypertension. The 
remainder have secondary hypertension, which includes patients with drug-induced 
causes. 


CAUSATIVE AGENTS 
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Drug-induced hypertension is defined as high blood pressure caused by using (or 
discontinuing the use of) a chemical substance, drug, or medication.? Expert 
reviews of drug-induced hypertension are available, but do not thoroughly evaluate 
published literature to support the association between a comprehensive list of 
cited drugs and drug-induced hypertension.*° Drugs that have been reported to 
cause hypertension are listed in Table 27-1.°!° Drugs on this list are also 
identified as potential causes of resistant hypertension.'°? There are some 
limitations to this list. Adverse drug effect reporting often identifies increases in 
blood pressure, not always drug-induced hypertension per se. Therefore, for many 
drugs that have been reported to increase blood pressure, the incidence of drug- 
induced hypertension may be unknown. This list also represents agents that are used 
primarily for chronic conditions or that are used for a prolonged period of time. 
These medications may cause hypertension, exacerbate previously well-controlled 
hypertension, or antagonize the effects of antihypertensive pharmacotherapy. 


EPIDEMIOLOGY 


Hypertension is one of the most common chronic medical conditions. Despite 
increased public awareness, the prevalence of hypertension is not declining. Over 
30% of the American population has hypertension.!!° With the introduction of the 
2017 American College of Cardiology (ACC)/American Heart Association 
(AHA)/American Academy of Physician Assistants (AAPA)/Association of Black 
Cardiologists (ABC)/American College of Preventive Medicine 
(ACPM)/American Geriatrics Society (AGS)/American Pharmacists Association 
(APhA)/American Society of Hypertension (ASH)/American Society for 
Preventive Medicine (ASPM)/National Medical Association (NMA)/Preventive 
Cardiovascular Nurses Association (PCNA) Guideline for the Prevention, 
Detection, Evaluation, and Management of High Blood Pressure in Adults and its 
lower blood pressure thresholds (Table 27-2), it is now estimated that a 
substantially higher number of patients will be diagnosed with hypertension.7!! 
Although most patients who truly have hypertension are aware of their condition 
(greater than 80%), only two-thirds of these patients are treated for hypertension, 
and just over half have controlled blood pressure values.! When considering these 
statistics, the potential impact of drug-induced hypertension 1s significant, as many 
patients in whom drug-induced hypertension develops may not be identified or 
appropriately treated. Although the precise incidence of drug-induced hypertension 
in the general population is unknown, it is reasonable to assume that drugs may 
cause some undiagnosed cases of hypertension. The prevalence of drug-induced 
hypertension is possibly very low, but drug-induced exacerbations of hypertension 
are likely more common. 
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Table 27-1 Agents Implicated in Drug-Induced Hypertension 


Drug Level of Evidence? 
Amphetamines6,7 A 
Antihypertensive agents8-27,c B 
Bevacizumab28-32 A 
Bupropion33-35 B 
Celecoxib37-42 A 
Corticosteroids44-49 A 
Cyclospormne50-56 A 
Darbepoetin-a57 A 
Desvenlafaxine58 A 
Ephedra alkaloids59-61 B 
Ergot alkaloids62 C 
Erythropoetin-0.63,64 A 
Estrogen-containing oral A 
contraceptives65-71 

Ivabradine72 A 
Licorice73-75 NK C 
Monoamine oxidase inhibitors 76,77,d C 
NSAIDs78-83 NK A 
Phenylephrine84,85 NK C 
Pseudoephedrine 86-90 A 
Sibutramine9 1-96 NK A 
Sorafenib97,98 A 
Sunitinib99-101 A 
Tacrolimus 102-104 A 
Testosterone 105,106 A 
Venlafaxine 107,108 A 





NK = not known, NSAID = nonsteroidal anti-inflammatory drug. 
aBased on reported incidence of hypertension or persistent blood pressure elevation, not just increase in blood 
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pressure, from product information or literature (not placebo-corrected). 
bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cWhen therapy is abruptly discontinued. 


dResult of a drug—food interaction with tyramine-containing foods or a drug—drug interaction. 


Table 27-2 Blood Pressure Classification According to the 2017 ACC/AHA/AAPA/ABC/ACPM/ 


AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention, Detection, Evaluation, and 
Management of High Blood Pressure in Adults to Detect Drug-Induced Hypertension? 


Classification Systolic Blood Pressure (mm Hg) Diastolic Blood Pressure (mm Hg) 


Normal <120 and <80 
Elevated 120-129 and <80 


Stage 1 hypertension 130-139 [or 80-89 




















Stage 2 hypertension 2140 or 290 





ACC/AHA = American College of Cardiology/American Heart Association.’ 


The 2017 ACC/AHA Hypertension Guideline identifies medications that can 
cause hypertension.* This chapter expands on the list provided by the 2017 
ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA — Guideline 
for the Prevention, Detection, Evaluation, and Management of High Blood Pressure 
in Adults to include additional drugs.” These agents may either cause hypertension 
or be a reason for resistant hypertension.! Estimated incidences of drug-induced 
hypertension associated with specific agents are also presented in Table 27-1. The 
exact incidence of drug-induced hypertension associated with several agents is 
unknown; however, these medications have been shown to increase blood pressure. 


MECHANISMS 


Arterial blood pressure is regulated by several factors: the adrenergic nervous 
system, the renin—angiotensin—aldosterone system, kidney function and blood flow, 
hormonal regulatory systems (adrenal cortical hormones, vasopressin, thyroid, 
insulin), and the vascular endothelium (nitric oxide, bradykinin, prostacyclin, 
endothelin).*-!!* Drug-induced alterations of these systems may explain persistent 
increases in blood pressure associated with certain agents. The various 
mechanisms by which drugs may induce hypertension (Table 27-3) are broadly 
categorized as stimulation of sympathetic nervous system activity, fluid-volume 
expansion, interference with the action of antihypertensive drugs, paradoxical 
responses to antihypertensive agents, and unknown mechanisms.> 





SYMPATHETIC NERVOUS SYSTEM STIMULATION 
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Certain drugs (e.g., cocaine, amphetamines, ephedra, some antidepressants) can 
activate the sympathetic nervous system through norepinephrine or norepinephrine- 
like stimulation. Stimulation of peripheral adrenergic a-receptors causes 
vasoconstriction, while stimulation of myocardial adrenergic B-receptors increases 
heart rate and contractility, both of which can increase blood pressure. Under 
normal circumstances, compensatory mechanisms are triggered that decrease total 
peripheral resistance, which usually maintains normal blood pressure. However, 
drugs that cause hypertension may blunt or impair this compensatory response. 


Table 27-3 Mechanisms of Drug-Induced Hypertension 





Drug 


Amphetamines 
Caffeine 
Cocaine 
Desvenlafaxine 


Ergot alkaloids (ergonovine, methysergide) 


Phenylephrine—ophthalmic 
Pseudoephedrine 
Sibutramine 

Venlafaxine 


Antivascular endothelin growth factor 
agents 

B-blockers 

Centrally acting o-agonists 
Calcineurin mnhibitors (cyclosporine, 
tacrolimus) 

Corticosteroids 

Licorice 

Erythropoiesis-stimulating agents 


Estrogen-containing oral contraceptives 


Monoamine oxidase inhibitors 


NSAIDs and COX-2 inhibitors 


Testosterone 


Mechanism 


Increased stimulation of sympathetic nervous system activity 


Possible mechanism: endothelin damage secondary to decreased 
nitric oxide release and release of growth factors that stimulate 
the renin—angiotensin—aldosterone system 


Abrupt discontinuation, causing overstimulation of a- and/or B- 
receptors 


Increased prostaglandin production resulting in decreases in 
sodium, water, and potassium excretion, causing increased fluid- 
volume expansion 


Stimulation of the mineralocorticoid receptor, causing increased 
fluid-volume expansion 


Supratherapeutic effects of increasing blood cell production, 
causing increased fluid volume 


Increased hepatic production of angiotensinogen, causing 
stimulation of the renin—angiotensin—aldosterone system 


Overall stimulation of sympathetic nervous system activity by 
increased production of adrenergic substances secondary to 
ingesting tyramine-containing foods or a drug interaction 


Inhibition of prostaglandins, causing vasoconstriction and 
stimulation of the renin—angiotensin—aldosterone system, resulting 
in increased fluid-volume expansion 


Increased fluid-volume expansion; stimulation of sympathetic 
nervous system activity 


COX = cyclooxygenase, NSAID = nonsteroidal anti-inflammatory drug. 
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FLUID-VOLUME EXPANSION 


The renin—angiotensin—aldosterone system functions with the kidneys to regulate 
arterial blood pressure. Decreases in blood pressure or kidney blood flow, volume 
depletion, or sodium depletion all increase renin secretion from the kidney. Renin 
mediates the transformation of angiotensinogen to angiotensin I, which is converted 
by angiotensin-converting enzyme to angiotensin II. Angiotensin II is a potent direct 
vasoconstrictor that stimulates production of aldosterone, which causes sodium and 
water retention. Several drugs (e.g., nonsteroidal anti-inflammatory drugs 
[NSAIDs], including the cyclooxygenase-2 [COX-2] selective inhibitor celecoxib, 
certain immunosuppressants) can indirectly trigger renin release, primarily by 
decreasing kidney perfusion.'!*!!4 In premenopausal women, estrogens have been 
shown to stimulate the renin—angiotensin—aldosterone system by increasing hepatic 
production of angiotensinogen.!!*-!!© These effects are normally overcome by 
negative-feedback mechanisms that prevent excessive renin release. However, this 
may not occur in patients taking drugs known to induce hypertension or in patients 
with chronic kidney disease or cardiovascular risk factors. Generalized 
vasoconstriction, especially in the kidney, is the hypothesized cause of 
cyclosporine-induced hypertension.°”*!!7 


Certain drugs that alter hormonal regulation (e.g., oral contraceptives, 
corticosteroids) can cause hypertension. The estrogen component of oral 
contraceptives is primarily responsible for blood-pressure elevation, but the 
mechanism is unclear. In premenopausal women, oral contraceptive use results in 
serum estrogen and progestin concentrations that are higher than those that result 
from endogenous hormone production. This is in sharp contrast to the use of 
estrogen-replacement therapy (ERT) or hormone-replacement therapy (HRT) in 
postmenopausal women, during which serum estrogen and progestin concentrations 
are lower than those associated with premenopausal endogenous hormone 
production. Clinical trials have shown that the use of either ERT or HRT in both 
premenopausal and postmenopausal women increases the risk of cardiovascular 
events.!!®!21 However, ERT or HRT do not cause drug-induced hypertension in 
postmenopausal women. |?” 


Hormonal dysregulation can cause hypertension by inducing insulin resistance 
(the metabolic syndrome), sodium and water retention, or myriad other effects. 
Other miscellaneous agents cause hypertension via unique mechanisms not related 
to these neurohumoral effects. Both erythropoietin-a and darbepoetin-a can cause 
dose-dependent increases in blood pressure.'? Possible mechanisms include 
increased hematocrit and erythrocyte mass, changes in the production or sensitivity 
of endogenous vasopressor and vasodilatory factors, alterations in vascular smooth 
muscle, direct vasoconstriction, and arterial remodeling by stimulation of vascular 
cell growth. !7+ However, the exact mechanism is unknown. 
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REBOUND HYPERTENSION 


The adrenergic antihypertensive agents, B-blockers and centrally acting o-receptor 
agonists, can cause rebound hypertension when therapy is abruptly discontinued.*7’ 
Long-term exposure to f-blocking agents causes upregulation and increased 
expression of B-receptors. When f-blocker therapy is abruptly discontinued, 
excessive stimulation of these additional B-receptors occurs, potentially resulting in 
increases in blood pressure and heart rate, leading to rebound hypertension. 
Cardioselective B-blockers or those with intrinsic sympathomimetic activity have 
been touted as not being associated with rebound hypertension, but this has not been 
proven. The mechanism by which rebound hypertension occurs in association with 
central a-agonists has not been fully established, but is believed to be similar to 
that of B-blockers. When exposed to long-term central o-agonist therapy, o-receptor 
density, sensitivity, or both can increase.” Abrupt discontinuation of therapy with 
central a-agonists leads to elevated plasma norepinephrine concentrations, 
peripheral a-receptor stimulation, and increased blood pressure. This occurs in 
association with both oral and transdermal administration. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The classification of blood pressure is based on systolic and diastolic blood 
pressure values (Table 27-2).? This classification includes normal blood pressure, 
elevated blood pressure, stage 1 hypertension, and stage 2 hypertension. Elevated 
blood pressure and the development of hypertension are nearly always 
asymptomatic. Therefore, assessing patients for the presence of signs and symptoms 
of drug-induced hypertension (Table 27-4) is not very helpful. When blood 
pressure elevations are extreme (usually much higher than 200/110 mm Hg), 
symptoms consistent with hypertensive emergency (e.g., anxiety, chest pain, 
confusion, excessive perspiration, nausea/vomiting, pale or red skin, visual 
changes) are more likely to be present but are still not common. 


Table 27-4 Signs and Symptoms Associated with Drug-Induced 





Hypertension 


¢ No symptoms usually reported by patients 

¢ Increase in blood pressure 

* In patients with a history of treated hypertension, requirement for increased doses of antihypertensive 
medications 

* In patients with a history of treated hypertension, need for additional antihypertensive agents to maintain 
blood pressure goal 

* Rarely, hypertensive emergency: neurologic deficits, anxiety, nausea, vomiting, chest discomfort, back pain, 
dyspnea, visual changes 
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The clinical significance of elevated blood pressure associated with the use of 
a drug varies, depending on an individual’s baseline blood pressure. Moreover, the 
precise time of onset for drug-induced hypertension is unknown and likely highly 
variable and dependent on the particular mechanism of drug-induced hypertension. 
For the purposes of this chapter, drug-induced hypertension will be defined as 
blood pressure increases from baseline that confer stage 1 hypertension or higher. 
The threshold blood pressure for the diagnosis of hypertension is 130/80 mm Hg. 


Drug-induced blood pressure elevations, if persistent, may be clinically 
significant even if the blood pressure 1s not increased to above an individual’s goal 
value. Many drugs have been reported to induce statistically significant blood 
pressure increases, some as small as 2-4 mm Hg.~!°8 The clinical significance of 
these small increases is debatable. However, data from observational studies and 
randomized trials suggest that a 2 mm Hg reduction in diastolic blood pressure 
correlates with a 17% decrease in the prevalence of hypertension, a 6% reduction 
in the risk of coronary heart disease (CHD), and a 15% reduction in the risk of 
stroke and transient ischemic attacks.!*>-!*’ It has been documented that patients 
with blood pressure in the stage 1 hypertension range have a higher risk of 
cardiovascular events than patients with normal blood pressure (see Morbidity and 
Mortality section, below).!*® Therefore, depending on a patient’s baseline blood 
pressure, small but persistent blood pressure increases may be clinically 
significant. 


Several other conditions should be considered in patients with suspected drug- 
induced hypertension (Table 27-5). The possibility of new-onset primary 
(essential) hypertension must always be considered. The patient’s blood pressure 
history and a comprehensive medical examination are necessary components for 
this evaluation. Other origins of secondary hypertension in addition to drug-induced 
causes should also be ruled out. Additional diagnostic tests such as laboratory 
evaluations, polysomnography, and aortic and kidney imaging may be required for a 
comprehensive evaluation. 


Table 27-5 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Hypertension 


Primary hypertension 


* New onset 
* Undiagnosed 
* Previously diagnosed but not at goal blood pressure 


Secondary hypertension 
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¢ Alcohol abuse 

* Cancer 

* Chronic kidney disease 

* Coarctation of the aorta 

* Cushing syndrome 

* Hyperparathyroidism 

* Pheochromocytoma 

* Polycystic kidney disease 

¢ Primary aldosteronism 

* Renovascular disease 
Sleep apnea 

* Thyroid disease 





Table 27-6 Risk Factors for Drug-Induced Hypertension 


¢ Elevated blood pressure in the past 
¢ History of hypertension or elevated blood pressure 
* Previous history of drug-induced hypertension 


¢ Decreased glomerular filtration rate (especially <60 mL/min/1.73 m) 
¢ Metabolic syndrome 

« Advanced age 

* Persistent use of high-dose NSAID therapy 


NSAID = nonsteroidal anti-inflammatory drug. 


RISK FACTORS 


Patient-specific risk factors for drug-induced hypertension are listed in Table 27-6. 
Perhaps the most relevant is a history of increased blood pressure, either 
significant enough to fulfill the diagnostic criteria for hypertension or high enough 
to be classified as elevated blood pressure. A history of drug-induced hypertension 
or drug-induced increases in blood pressure is also noteworthy. There are many 
major cardiovascular risk factors that increase the risk of target organ damage 
associated with hypertension. One prospective cohort study evaluating oral 
contraceptive—induced hypertension showed that the relative risk for hypertension 
increased from 1.5 to 1.8 when other hypertension risk factors were considered. 
Therefore, major cardiovascular risk factors should be considered when evaluating 
a patient’s overall risk of drug-induced hypertension. 


Age has been identified as a risk factor for several forms of cardiovascular 
disease.” NSAID-induced elevations in blood pressure are especially prominent in 


the elderly population.’® Data froma case-control study of 9,411 elderly patients in 
whom antihypertensive therapy was initiated revealed that chronic NSAID users 
had a higher risk of initiating antihypertensive therapy than nonusers (OR 1.66, 
95% CI 1.54-1.80).8° A dose-dependent relationship with regard to risk was also 
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revealed in this database. These findings suggest that age and dose, at least with 
persistent NSAID therapy, are both risk factors for drug-induced hypertension. 


MORBIDITY AND MORTALITY 


Morbidity and mortality, manifesting as cardiovascular disease, are clearly 
increased in patients with primary hypertension. However, the exact association 
between drug-induced hypertension and morbidity and mortality is unknown. A 
reasonable assumption is that prolonged drug-induced hypertension would result in 
a similar increase in risk of cardiovascular disease as compared with primary 
hypertension. Approximately 85 million Americans have some form of 
cardiovascular disease.! CHD is a long-term complication of hypertension that is 
the largest contributor to hypertension-related morbidity and mortality. It 1s often 
the fatal event related to cardiovascular mortality. Estimates have identified CHD 
as the most costly physical health condition in the United States.!?? Moreover, 
cardiovascular disease is the primary cause of death in the United States. ! 


Hypertension-related complications manifest as target organ damage. The 
various forms of target organ damage include heart disease (left ventricular 
hypertrophy, CHD [angina, myocardial infarction, acute coronary syndrome], heart 
failure), cerebrovascular disease (ischemic stroke, transient ischemic attacks), 
chronic kidney disease, peripheral arterial disease, and retinopathy. Observational 
data have established a direct correlation between blood pressure elevation and 
risk of target organ damage in patients of all ages with hypertension.!?”!°° 
Randomized, double-blind, placebo-controlled clinical trials have also clearly 
demonstrated reduced morbidity and mortality associated with blood pressure 
reduction in patients with hypertension, even in the very elderly.~!3!"!9’ Therefore, 
persistent drug-induced hypertension may be associated with long-term increased 
risk of target organ damage. 

A consistent, continuous, and independent relationship between blood pressure 
and risk of cardiovascular disease and other target organ damage is present in 
patients with elevated blood pressure that is not sufficiently high to be classified as 
hypertension.”!78 Starting at a blood pressure of 115/75 mm Hg, the risk of future 
cardiovascular disease doubles with every 20 mm Hg increase in systolic blood 
pressure and 10 mm Hg increase in diastolic blood pressure.!*° Therefore, drug- 
induced increases in blood pressure, even within the normal or elevated blood 
pressure range, may be associated with a long-term increased risk of morbidity and 
mortality. 


PREVENTION 
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Strategies for prevention of drug-induced hypertension are listed in Table 27-7. 
Drug-induced hypertension is ideally detected by closely monitoring blood 
pressure. Clinic-based blood pressure measurements should be obtained 2-4 
weeks after initiating therapy with a drug known to increase blood pressure. Home 
or ambulatory blood pressure monitoring may be helpful but is not essential. !*!4° 
Moreover, both home and ambulatory blood pressure values are lower than those 
measured in the clinic. Average home blood pressure measurements are typically 5 
mm Hg lower than clinic values, and 24-hour ambulatory blood pressure 
measurements in individuals with hypertension are typically 10 mm Hg lower.!4° 
However, clinic-based blood pressure measurements are sufficient for detecting 
drug-induced hypertension. 


The most effective prevention strategy is avoiding the use of agents known to 
cause drug-induced hypertension. This is especially important in patients with 
either established cardiovascular disease or multiple risk factors for drug-induced 
hypertension or cardiovascular disease (Table 27-6). For women requiring oral 
contraceptive therapy, preparations with low estrogen (<30 mcg ethinyl estradiol) 
and progestin (<1 mg norethindrone) content appear to be associated with the 
lowest risk of hypertension. 


Table 27-7 Approaches to Help Prevent Drug-Induced 
Hypertension 


¢ Avoid use of agents reported to cause drug-induced hypertension in high-risk patients 
* For patients taking medications known to cause drug-induced hypertension: 

o Avoid tyramine-containing foods in patients taking monoamine oxidase inhibitors 

o Use minimum effective dose of NSAIDs, including celecoxib 

o Measure blood pressure at least every 2-4 weeks 

o Evaluate for symptoms of hypertension-related target organ damage periodically 
* Engage in lifestyle modifications: 





o Weight reduction: Maintain normal body weight and body-mass index, 18.5—24.9 kg/m? 

o Adopt the DASH eating plan: consume a diet rich in fruits, vegetables and low-fat dairy products with a 
reduced content of saturated and total fat 

o Reduce dietary sodium intake to 1.5 g sodium daily 

o Engage in regular aerobic physical activity (at least 30 minutes/day, most days of the week) 

o Moderate alcohol consumption: limit consumption to <2 drinks/day in most men and <1 drink/day in 
women and lighter-weight persons 


DASH = dietary approaches to stop hypertension, NSAID = nonsteroidal anti-inflammatory drug. 


Lifestyle modifications that lower cardiovascular risk and blood pressure 
should be recommended for all patients, especially those using drugs known to 


increase blood pressure.'*!:!42 These modifications include diet and exercise 
recommendations. The Dietary Approaches to Stop Hypertension (DASH) diet is 
rich in vegetables, fruits, and low-fat dairy products and has been proven to lower 
blood pressure.'*? Other methods, such as weight reduction, dietary sodium 


72 


restriction, moderate and regular aerobic activity, and moderation of alcohol 
consumption are also effective in lowering blood pressure. 


MANAGEMENT 


Management of drug-induced hypertension depends on differentiating drug-induced 
from either primary or other secondary causes of hypertension. When drug-induced 
hypertension is strongly suspected, the offending agent should be discontinued when 
possible (Table 27-8). Blood pressure should then return to baseline values within 
2-4 weeks under most circumstances. If the blood pressure remains consistently 
elevated after discontinuing therapy with the offending agent, further investigation 
to evaluate primary hypertension or other secondary causes is needed. The 
offending agent should not be reintroduced. However, if no reasonable treatment 
alternative can be identified, a reintroduction of therapy with a reduced dose and 
blood pressure monitoring may be attempted. Lifestyle modifications to lower 
blood pressure, as previously discussed, should be implemented in these patients. 


CALCINEURIN INHIBITORS 


When therapy with certain offending agents must be continued, specific management 
approaches may be considered (Table 27-8). Cyclosporine and tacrolimus, which 
are calcineurin inhibitors, are immunosuppressant agents that are used in patients 
after solid organ transplantation and to treat a variety of other conditions.°!>?.!” 
Due to their crucial role in therapy, calcineurin inhibitors usually cannot be 
discontinued. Therefore, managing the drug-induced hypertension is the primary 
goal in these patients. 


Table 27-8 Management of Drug-Induced Hypertension 


Drug Management 
Most agents Discontinue offending agent when possible 
Cyclosporine ¢ Ifstage 1 hypertension, decrease dose by 25% 


¢ If stage 2 hypertension, decrease dose by 50%, and consider 
antihypertensive therapy 

¢ Dihydropyridine calcium channel blockers are preferred 
antihypertensive agents 


Erythropoietin and darbepoetin * Use the lowest effective dose: decrease dose if hemoglobin 
concentration approaches 12 g/dL or if hemoglobin increase is 
>1 g/dL in a 2-week period; hold dose if hemoglobin 
concentration exceeds 13 g/dL 

¢ Subcutaneous administration is preferred over intravenous to 
minimize abrupt increases in blood pressure 


Oral contraceptives 
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* Monitor blood pressure for up to 3 months after discontinuation 
of therapy 

¢ When no other form of contraception is feasible, use the 
lowest estrogen/progestin-content product and treat with 
antihypertensive therapy 


* Reinitiate therapy with agent at previous long-term dose 
* Gradually taper if therapy is to be discontinued 


Rebound hypertension from discontinuation 
of therapy with B-blockers or central a- 
agonists 





A consensus guideline based on reports from clinical trials and from clinical 
experience using cyclosporine in patients with rheumatoid arthritis was published 
in 1999.'43 When patients taking cyclosporine have stage 1 hypertension on at least 
two consecutive visits, the cyclosporine dose should be reduced by 25%. The dose 
should be reduced by 50% in those in whom stage 2 hypertension develops, and 
initiation of antihypertensive pharmacotherapy may be necessary. If blood pressure 
remains elevated despite initial dose reductions, additional reductions and 
initiation of antihypertensive pharmacotherapy should be considered. Persistent 
blood pressure elevation may require cyclosporine discontinuation if an acceptable 
alternative agent can be used. 

Dihydropyridine calcium-channel blockers (e.g., amlodipine, felodipine) are 
preferred agents for the treatment of cyclosporine-induced hypertension. !!”!*4 
These agents do not interact with cyclosporine and promote vasodilation of the 
afferent and efferent renal arterioles. Pharmacologically, this mechanism of action 
is ideal for managing cyclosporine-induced hypertension. Nondihydropyridine 
calcium-channel blockers (1.e., diltiazem, verapamil) increase serum cyclosporine 
concentrations and are less desirable pharmacotherapy options for cyclosporine- 
induced hypertension. Patients with pre-existing hypertension treated with a B- 
blocker can remain on this therapy. However, diuretics, angiotensin-converting 
enzyme inhibitors, or angiotensin-II receptor blockers are not highly effective for 
managing this type of hypertension, and their use as first-line agents for 
cyclosporine-induced hypertension is discouraged. !!°!* 


Guidelines for management of tacrolimus-induced hypertension have not been 
published. An approach similar to that recommended for cyclosporine-induced 
hypertension is reasonable. However, manufacturers’ recommendations are to 
control blood pressure “with any of the common” antihypertensive agents.!°* These 
recommendations state that because tacrolimus may cause hyperkalemia, 
potassium-sparing diuretics should be avoided. As with cyclosporine, certain 
calcium-channel blockers (diltiazem, verapamil) can increase serum tacrolimus 
concentrations and should be avoided or used with extreme caution. 


ORAL CONTRACEPTIVES 
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Women who are treated with estrogen-containing oral contraceptive agents should 
have their blood pressure measured within the first month of treatment, then after 3, 
6, and 12 months. If oral contraceptive-induced hypertension occurs, the drug 
should be discontinued and replaced with an alternative form of contraception. 
Blood pressure should return to pretreatment values within 3 months after 
discontinuation of therapy. If it does not, additional evaluation for primary 
hypertension or other secondary forms of hypertension is necessary. If an 
alternative form of contraception cannot be used and other secondary forms of 
hypertension are ruled out, an oral contraceptive agent with a low estrogen (<30 
mcg ethinyl estradiol) and progestin (<1 mg norethindrone) content may be used. 
Lifestyle modifications should be implemented, with the addition of 
antihypertensive drug therapy when necessary. 


According to the American College of Obstetricians and Gynecologists, women 
with pre-existing and well-controlled hypertension who are younger than 35 years 
of age may initiate a trial of combined oral contraceptives if the woman is 
otherwise healthy, exhibits no evidence of end-organ vascular disease, and does not 
smoke cigarettes. Careful monitoring should be performed for several months 
following initiation of the combined oral contraceptive.'“* If blood pressure 
remains controlled, therapy may be continued. If hypertension occurs, progestin- 
only or nonhormonal contraceptives should be used as an alternative method. 


ERYTHROPOIESIS-STIMULATING AGENTS 


Erythropoietin-a and darbepoetin-a are erythropoiesis-stimulating agents that are 
indicated for the treatment of anemia associated with chronic kidney disease, 
human immunodeficiency virus infection and cancer chemotherapy, and for 
reduction of the need for allogeneic blood transfusion in surgery.°”°>4 These drugs 
can enhance quality of life and improve cardiac function. Discontinuing therapy is 
not always a feasible option to manage hypertension induced by these drugs. 
Although lifestyle modifications might minimize blood pressure increases, close 
monitoring of serum hemoglobin concentration during therapy is essential to avoid 
excessive therapeutic effects that can result in blood pressure elevations. The dose 
of these agents should be reduced if serum hemoglobin concentrations approach 12 
g/dL or if increases in serum hemoglobin concentration exceed 1 g/dL in a 2-week 
period. Therapy should be withheld if serum hemoglobin concentrations exceed 13 
s/ dL 


Use of erythropoiesis-stimulating agents in patients with chronic kidney disease 
undergoing dialysis treatment requires close monitoring for the development of 
drug-induced hypertension. The need for dialysis alone increases the risk of 
hypertension or worsening of hypertension. Optimizing dialysis treatments in 
patients with kidney disease, closely monitoring and managing volume status when 
needed, and using subcutaneous administration to ensure gradual red blood cell 
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increases are additional strategies that may minimize the risk of blood pressure 
elevations. !* 


REBOUND HYPERTENSION 


When rebound hypertension occurs after abrupt discontinuation of a B-blocker or a 
centrally acting a-receptor agonist, therapy with the drug should be reinitiated at the 
previous long-term dose. If discontinuation of therapy with the offending agent is 
intended, therapy can be reinitiated, with the dose subsequently gradually 
decreased, followed by discontinuation. There are no guidelines regarding the 
optimal manner in which to gradually discontinue therapy with such medications. 
However, the dosing schedule should be individualized based on the dose of the 
drug that caused the rebound hypertension. A 50% dose decrease for 3—7 days is 
considered a tapering step. If a patient experiences rebound hypertension on a low- 
to-moderate dose of a drug, one tapering step may be sufficient to treat rebound 
hypertension, whereas two or more tapering steps may be needed for patients 
receiving higher doses. 


INFORMATION FOR PATIENTS 


Patients taking drugs that are known to cause drug-induced hypertension should be 
made aware of the potential risks. Patients should be counseled that their blood 
pressure may increase to the point of a diagnosis of hypertension. They should be 
instructed to comply with medical visits to detect elevations in blood pressure. 
Patients should also be encouraged to periodically monitor and document their 
blood pressure values outside of their prescribing practitioner’s office (e.g., at 
home, in a community pharmacy). If persistent increases in systolic or diastolic 
blood pressure values are detected (even if small) or blood pressure increases to 
above their goal value (Table 27-2), patients should consult a healthcare 
professional (e.g., pharmacist, physician). If symptoms consistent with hypertensive 
emergency develop (e.g., chest pain, unilateral weakness, severe headache, 
shortness of breath), patients should be instructed to seek immediate emergency 
care. 


Lifestyle modifications (Table 27-7) should be encouraged in all patients at risk 
for hypertension, especially those receiving drugs that may cause hypertension. 
Patients using B-blockers or centrally acting o-receptor agonists should be educated 
regarding potential rebound hypertension and instructed not to abruptly discontinue 
therapy with these agents. Use of any nonprescription medication without first 
consulting a pharmacist or other healthcare professional should be discouraged. 
Lastly, patients should be encouraged to ensure that all healthcare professionals 
involved with providing their care are fully aware of all current medications and 
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risk factors for hypertension so that new medications that may potentially interact 
with drugs or further increase the risk of hypertension can be avoided. 
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CHAPTER 28 


Hypotension 


Katy E. Trinkley and Robert L. Page IT 


Drug-induced hypotension is a clinically important and potentially disabling 
problem, which can lead to syncope, falls and injury, or sustained lack of organ 
perfusion resulting in ischemia, infarction, or both. These hypotension-related 
complications can be the result of either chronic hypotension, acute hypotension in 
the institutionalized setting, or orthostatic hypotension. Chronic hypotension 
describes the situation when the blood pressure is consistently low, regardless of 
posture, whereas orthostatic hypotension describes a decline in blood pressure 
upon assuming an upright position. The majority of drug-induced hypotension 
episodes are the result of orthostatic hypotension, also referred to as postural 
hypotension. Orthostatic hypotension is a reduction in systolic blood pressure of at 
least 20 mm Hg or a reduction in diastolic pressure of at least 10 mm Hg within 3 
minutes of standing or during a head-up tilt test of at least 60 degrees.!+ 
Drug-induced orthostatic hypotension is primarily due to autonomic failure in 
which the causative agent affects central or peripheral autonomic pathways.° 
However, orthostatic hypotension can also result from neurally mediated syncope.” 
Autonomic failure involves chronic debilitation of sympathetic efferent activity 
such that vasoconstriction is impeded. Upon standing, blood pressure precipitously 
falls and presyncope or syncope develops. In neurally mediated orthostatic 
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hypotension, the typical pattern of autonomic outflow that preserves blood pressure 
in the standing position is acutely reversed in response to a trigger. 


CAUSATIVE AGENTS 


Drugs that cause hypotension can be separated into two groups: those for which 
hypotension is an extension of the drug’s therapeutic effect (e.g., antihypertensives) 
and those for which hypotension is not an extension of the drug’s therapeutic effect. 
Examples of drugs that may cause orthostatic hypotension include phenothiazines, 
tricyclic antidepressants, anxiolytics, and levodopa/carbidopa. Table 28-1 lists 
drugs that have been reported to cause hypotension and their respective 
incidences.% 48 


EPIDEMIOLOGY 


Drug-induced chronic hypotension is less common than drug-induced orthostatic 
hypotension, because causes of drug-induced chronic hypotension, such as over- 
intensive antihypertensive therapy, are generally more easily correctable. As a 
result, the prevalence of drug-induced chronic hypotension is unknown. Orthostatic 
hypotension from all causes has been estimated to occur in 0.5% of individuals in 
the general population, with older adults and acutely ill patients at greater risk. 
Approximately 5% of individuals under 50 years of age experience orthostatic 
hypotension, which increases to a prevalence of 30% in individuals over 70 years 
of age.* In acute care settings, 17% of patients experience orthostatic hypotension,” 
while the prevalence of orthostatic hypotension among patients presenting with 
syncope to the emergency department ranges from 21-64% .7497>9 


Table 28-1 Agents Implicated in Drug-Induced Hypotension 






Drug Incidence Level of Evidence* 


ANTIHYPERTENSIVES 


ACE INHIBITORSb,c,d 


Benazepril6 0.3-0.4% A 
Captopril7,8 3.6% 

Enalapril (particularly with IV 0.9-6.7% 

administration)9 


Fosinoprill0 2.4-4.4% 


Lisinoprill 1 Up to 11% 


>| > >| > 
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Moexiprill2 0.5% 
Perindoprill3 0.3—0.8% 
Ramiprill 4 2-11% 


Quinaprill5 2.9% 


>} rl] rl el 


Trandolaprill 6 0.6-11% 


ANGIOTENSIN-RECEPTOR BLOCKERSb,c,d 
Azilsartan17 0.4% 
Candesartan18 18.8% 
Eprosartan19 <1% 
Irbesartan20 0.1-5.4% 
Losartan2 1,22 0.5-7% 
Olmesartan23 0.1% 


Telmisartan19 <1% 


>} DW) S| S| Sl el] el] & 


Valsartan24,25 6.9% 


PERIPHERAL o-BLOCKERSc,d 
Alfuzosin26 0.4-2% 
Doxazosin27,28 0.3-10% 


Prazosin29,30 1-4% 


>| Pl Sl S&S 


Tamsulosin3 | 0.2-0.4% 


TERAZOSIN32,33 1.3-7% 


> 


p-ADRENERGIC BLOCKERS (PARTICULARLY WITH IV ADMINISTRATION) 


AcebutoloB4,35 B 
Betaxolol37,c A 
Carvedilol (particularly immediate- A 
release)39,b 

EsmoloH40,41 A 
Propranolol42,43 A 
Labetalol44,45 Oral 1%, IV 5% A 
Metoprolol (particularly immediate- A 
release)46,b 
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Pindolo48,49 2% A 


Nebivolol50 





CALCIUM-CHANNEL BLOCKERS 





administration)6 1,62 


Diltiazem (particularly with IV 6-11% A 
administration)52,53 

Felodipine54 0.5-1.5% A 
Nicardipine (particularly with IV 0.9-5.6% A 
administration)56 

Nifedipine (particularly immediate- | 0.5—-5% A 
release)57 

Nimodipine58,59 Up to 8.1% A 
sins : 


CENTRALLY ACTING o-ADRENERGIC AGONISTSc 


Clonidine (lowest with patch, highest A 
with IV administration)63 

Guanfacine64,65 A 
Guanabenz66,67 A 


PERIPHERAL-ACTING ARTERIAL VASODILATORS 





Diazoxide71,72 B 
Hydralazine (particularly with IV B 
administration)7 1-76 

Minoxidil77,78 B 
Nitroglycerin406-408 A 
Nitroprusside79 B 
DIURETICSb,c 

Amiloride80,81 B 
Bumetanide82 Ce A 
Chlorothiazide83 B 
Chlorthalidone84 2.2% A 
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Ethacrynic acid85 
Furosemide86,87 
Hydrochlorothiazide87,88 
Metolazone90,91 
Torsemide92,93 

(ae 

eS) 


DOPAMINE AGONISTS 
Fenoldopam94,95,c,e 2-18.5% A 


RENIN INHIBITORS 
Aliskiren96 0.1% A 
NONANTIHYPERTENSIVES 


ANGIOTENSIN-RECEPTOR NEPRILYSIN INHIBITOR 


ALZHEIMER DISEASE AGENTS 
Galantamine97,98,c,d 


Donepezil99,100,c,d 


ANESTHETIC AGENTS 
Bupivacaine 101,102,c 


Halothane 103,104,c 
Isoflurane 105,106,c 
Propofol107,108,c 


ANTIANGINAL AGENTS 
Amy] nitrate 109,110 


Isosorbide dinitrate 111,112 
Isosorbide mononitrate 113 


Nitroglycerin114,115,c,d 





ANTIARRHYTHMIC AGENTS 


Amiodarone (IV only) 116,117 
Bretyliuml18,119,¢ 
Ibutilide 120,121 
Procainamide (IV only)123,124 
Quinidine 125,126,d,e,f 
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Q] a] a} Pp] P|] > 


Sotalol] 27,128 
Tocainide 129 


Vernakalant130,131,e 





ANTIDIABETIC AGENTS 


Dapagliflozin4 10 0.6—0.8% A 


ANTIDEPRESSANTS 


Amitriptyline 132,133,c,f A 
Clomipramine 134,c,f B 
Doxepin135,136,c B 
Desipramine 133,137-139,c,f A 
Imipramine 133,139-144,c,f A 
Trazodone 145,c B 
ANTIEMETICS 

Droperidoll 46,d 


Prochlorperazine 147,148,d 
Promethazine 149,e 


ANTIEPILEPTIC DRUGS 
Phenytoin (IV only)150,151 


Fosphenytoin (IV only)152,d,e 





ANTIHISTAMINIC AGENTS 


ANTIMICROBIAL AGENTS 


Pentamidine (ITV and IM 
only) 154,155 


Levofloxacin (IV only)156,e 


Vancomycin (IV only) 157,158, 





ANTIPARKINSONIAN AGENTS 


Bromocriptine 159,160,c,d 
Carbidopa plus levodopa 161,162,c,d 
Pramipexole164,165,c 
Ropinirole 166,167,c 


T-44% 


>] rl Sl Sl] eS] S|] & 
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Rasagiline 169,c 
Entacapone170,c 1.2% 


Tolcapone171,c 13-14% 





ANTIPSYCHOTIC AGENTS 


Aripiprazole 172,173,c A 
Aripiprazole lauroxil4 11 A 
Brexpiprazole412 A 
Chlorpromazine (particularly A 
TV)413,c 

Clozapine 174,175,c,d 9-13% A 
Haloperidol! 76,177,c A 
Loxapine178,179,c,d A 
Lurasidone 180 A 
Quetiapine 182,183,c A 
Pimozide 184-186,c C 
Risperidone 187-189,c A 
Thioridazine 190,191,c A 
Thiothixene 178,192 A 
Trifluoperazine 176 C 
ZIPRASIDONE 176,193,194,C,D A 
p-ADRENERGIC AGONISTS 

High-dose dobutamine 195-197,d A 


BIOLOGIC AGENTS 
Interleukin-2198,d 


Muromonab-CD3199,200 


Defibrotide414 





CHEMOPROTECTANT AGENTS 


Amifostine201-203,d,e 3-62% A 


CANCER CHEMOTHERAPY AGENTS 
Cabozantinib415 


Carmustine204,205,d 


Dinutuximab416 
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Dacarbazine206,d NK B 
Etoposide207,208,¢ A 
Fludarabine209,210 A 
Vinblastine21,c B 
Vincristine212,213,¢,d A 
ENDOTHELIN MODIFIERS 

Bosentan214 

Treprostinil2 15 

Magnesium216,217,d 





NATRIURETIC PEPTIDES 


Nesiritide2 18-220,d,e 4-17% A 


NEUROMUSCULAR BLOCKING AGENTS 


A 
C 
K 


Succinylcholine223 


OPIATES 


Codeine (particularly with IV N C 
administration)225-227,d 





d-tubocurare224 





Fentanyl (particularly with IV 2.8-4% A 
administration)228,229,e 


Hydromorphone230,23 1,e IV 20%, oral <2% A 


Morphine (particularly with IV NK A 
administration)232-234,e 


OSMOTIC DIURETICS 
Mannitol235,236,c,d K C 


| 


PHOSPHODIESTERASE INHIBITORS 
Milrinone237 


Vardenafil238,239 
Sildenafil240,241 
Tadalafil242 


PROSTAGLANDINS 


Epoprostenol243-245,d,e 13-16% 


Tloprost246-248 11-76% 
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SOLUBLE GUANYLATE CYCLASE STIMULATORS 


ACE = angiotensin-converting enzyme, IM = intramuscular, IV = intravenous, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bHigher incidence in patients with heart failure. 


cMay also cause orthostatic hypotension. 
dDose-related. 
eAdministration rate-related. 


fIn overdose. 


MECHANISMS 


Mean arterial pressure is determined by heart rate, stroke volume, and total 
peripheral resistance. When a person changes from a supine to an upright position, 
orthostatic hypotension results from a profound and immediate shift of blood 
volume primarily to the lower extremities. Within 10-15 minutes of a posture 
change, stroke volume may decline by 15%, and roughly 1 Lof blood may pool in 
capacitance vessels below the diaphragm.”°!°? The resultant reduction in venous 
return and decreases in cardiac output and blood pressure stimulate arterial 
baroreceptors, which trigger intricate compensatory mechanisms. Centrally 
mediated activation of sympathetic efferent neurons increases vascular tone, 
myocardial contractility, and heart rate. Cardiopulmonary volume receptors cause 
vasopressin release, which also leads to arteriolar vasoconstriction and water 
conservation by the kidney. All of these reflex mechanisms limit the potentially 
adverse hemodynamic effects of an upright posture; however, should any one or a 
combination of these mechanisms fail, orthostatic hypotension may result.?°> 


Orthostatic hypotension can be the direct result of chronic autonomic failure 
from neurodegenerative conditions such as Parkinson disease, or it can be 
secondary to conditions such as diabetes, which is associated with higher-risk 
neurological conditions.’ Conditions or situations that impair diastolic filling such 
as blood loss, dehydration, and excessive diuresis may also lead to orthostatic 
hypotension. One example is splanchnic blood pooling that occurs after eating, 
which can lead to a decrease in blood pressure.7>4 


In healthy patients of any age, orthostatic hypotension occurs infrequently. 
However, as patients age, changes in cardiovascular physiology, concomitant 
diseases, and exposure to medications that may reduce blood pressure increase the 
risk of orthostatic hypotension. Physiologic changes that may contribute to 
orthostatic hypotension include alterations in baroreceptor activity, 
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parasympathetic activity, arterial and cardiac compliance, renal sodium 
conservation, vasopressin response, plasma renin activity, plasma angiotensin and 
aldosterone concentrations, and plasma volume.*°> 


The administration of drugs that interfere with the cardiovascular reflex 
response can unmask or exacerbate orthostatic hypotension. For example, 
antihypertensive agents may produce hypotension by decreasing sympathetic 
outflow through central and peripheral vasodilatory actions or by depleting 
intravascular volume. There are many drugs that cause direct vasodilation resulting 
in drug-induced hypotension. Drugs can induce hypotension through many different 
mechanisms (Table — 28-2).53436-40,43.49-51,69,70,74-78,94,98,109,110,114-117,124,150-153,195- 
197,212-214,219-221,232,233, 235,236,243,246-248,256-296 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Orthostatic hypotension may manifest with symptoms as mild as light-headedness 
or aS severe as presyncope or syncope (Table 28-3).°*°°7977°8 Although 
presyncope is less severe than syncope, it may be a part of a continuum that leads to 
syncope, which is a sudden loss of consciousness and postural tone usually lasting 
no more than 15 seconds.??’ The “common faint,” or neurocardiogenic syncope 
(also called vasovagal syncope), is most common, in which the triggering of a 
neural reflex results in a usually self-limited episode of systemic hypotension 
characterized by both bradycardia and peripheral vasodilation.2>°** If syncope 
occurs as a result of neurocardiogenic syncope, hypoperfusion-related symptoms 
typically resolve immediately when supine.??? The syncope associated with 
orthostatic hypotension is generally differentiated from other causes such as 
seizures by a lack of postictal confusion or drowsiness. Symptoms of syncope are 
most commonly documented in the morning, after medication administration or 
following meals. Focal neurologic findings, if present, may suggest concomitant 
cerebrovascular disease.*’’ Although there is not a clear rationale for each, 
common signs and symptoms associated with orthostatic hypotension include mild 
anemia, hypohidrosis, a Parkinsonian-like syndrome, recurrent urinary tract 
infection, bladder dysfunction, sleep apnea, hoarseness, nasal stuffiness, impotence, 
constipation, or diarrhea.’ Anemia is believed to be due to decreased 
erythropoietin release related to reduced B, adrenoceptor stimulation, while 


bladder dysfunction or urinary tract infections may lead to dehydration and 
ultimately orthostatic hypotension, which could also be related to an underlying 


neurogenic condition.*”” 
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Table 28-2 Mechanisms of Drug-Induced Hypotension 


Drug Mechanism 


Benazepril Inhibition of angiotensin IT with increase in bradykinin concentrations256 
Captopril 

Enalapril 

Fosinopril 

Lisinopril 

Moexipril 

Perindopril 

Ramipril 

Quinapril 

Trandolapril 


Aliskiren Inhibition of renin256 


Candesartan Inhibition of angiotensin II at the receptor level257 
Eprosartan 

Irbesartan 

Losartan 

Olmesartan 

Telmisartan 

Valsartan 


Acebutolol Blockade of B-adrenoreceptors34,36-38,40,43,49,50 
Atenolol 

Betaxolol 

Bisoprolol 

Esmolol 

Propranolol 

Metoprolol 

Nadolol 

Pindolol 

Nebivolol 


Carvedilol Blockade of B- and a. -adrenoreceptors39,258 
Labetalol 


Amiloride Inhibition of renal sodium reabsorption thereby leading to mntravascular 
Bumetanide volume depletion259-261 

Chlorothiazide 

Chlorthalidone 

Ethacrynate 

Furosemide 

Hydrochlorothiazide 

Indapamide 

Metolazone 

Torsemide 


Mannitol Intravascular volume depletion235,236 


Atracurtum Release of histamine221,232,233,262-265 
Codeine 

d-tubocurare 

Hydromorphone 

Fentanyl 

Mivacurium 
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Morphine 
Succinylcholine 
Vancomycin 


Alfuzosin 
Aripiprazole 
Chlorpromazine 
Clozapine 
Doxazosin 
Haloperidol 
Loxapine 
Lurasidone 
Olanzapine 
Pimozide 
Prazosin 
Quetiapine 
Risperidone 
Tamsulosin 
Terazosin 
Thioridazine 
Thiothixene 
Trifluoperazine 
Ziprasidone 


Dobutamine, high-dose 


Clonidine 

Guanfacine 
Guanabenz 
Methyldopa 


Reserpine 


Chlorpromazine 
Prochlorperazine 
Promethazine 
Amitriptyline 
Clomipramine 
Desipramine 
Doxepin 
Imipramine 
Trazodone 
Amlodipine 
Diltiazem 
Felodipine 
Isradipine 


Blockade of central and/or peripheral5,266,267 a-adrenoreceptors5,266,267 


The following mechanisms may be responsible 195-197, 


* Inadequate increase in cardiac output due to impaired systolic reserve 

¢ Marked prolongation of isovolumic relaxation time due to induced 
myocardial ischemia 

¢ Marked isolated reduction in systemic vascular resistance 

* Decrease in cardiac output associated with cavity obliteration and reflex 
bradycardia 


Direct stimulation of a-receptors in the vasomotor center of the medulla 


leading to768, 


* Reduction in peripheral vascular resistance 
* Decreased heart rate (secondary to increased vagal tone) 


Depletion of catecholamine and 5-hydroxytryptophan in the central nervous 
system resulting in 9,79. 


* Decreased peripheral resistance 
* Reduced cardiac output 


* Calmodulin-mediated inhibition of phosphodiesterase 


* Relaxation of vascular smooth muscle> 


Reduced systemic vascular resistance due to a-adrenoreceptor 
blockade269,270 


Blockade of L-type calcium channel51,271 
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Nicardipine 
Nifedipine 
Nimodipine 
Nisoldipine 
Verapamil 


Pentamidine, intravenous 
Interleukin-2 


Amifostine 
Diazoxide 
Epoprostenol 
Hydralazine 
Tloprost 
Minoxidil 
Nitroprusside 
Bosentan 
Treprostinil 
Milrinone 
Nesiritide 


Diphenhydramine 


Dacarbazine 
Carmustine 


Vincristine 


Vinblastine 


Magnesium 


Amiodarone 
Etoposide 


Amy] nitrate 
Isosorbide dinitrate 
Isosorbide mononitrate 
Nitroglycerin 


Procainamide, intravenous 


Vardenafil 
Sildenafil 
Tadalafil 


Phenytoin 
Fosphenytoin 


Bromocriptine 
Carbidopa—levodopa 
Entacapone 


Vasomotor reaction!53 
Increased capillary permeability; decreased peripheral vascular resistance273 


Direct arteriolar vasodilation74-78,243,246-248,274,275 


Director arteriolar and venous vasodilation79 


Inhibition of endothelin-1214,276,277 


Inhibition of phosphodiesterase type HI278,279 
Stimulates guanylate cyclase-linked natriuretic peptide A/B receptors220 


Inhibition of fast sodium channels 
Inhibition of potassium channels in overdose280 


Calcium chelation by citric acid in the preparation28 | 
Vasodilation due to alcohol content of the diluent282,283 


Neurotoxicity 
Inhibition of norepinephrine secretion212,213 


Neurotoxicity211 


Opposition of calctum-dependent arterial constriction284 
Improves endothelial function 


Vasoactive solvents in the intravenous formulation]17,285 


Increase intracellular cyclic guanosine monophosphate 
concentrations 109,110,114-116,219,286-288 


Ganglionic blockade 
Central nervous system sympathetic mhibition124 


Inhibition of vascular phosphodiesterase type V289 


Vasodilation from the propylene glycol content (phenytoin only); unknown for 
fosphenytoin150- 152,290,291 


Increased dopamine, which exerts hypotension through the following:292-295 


Systemic, mesenteric, and renal vasodilation mediated by dopamine receptors 
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Pergolide Displacement of norepinephrine from nerve terminals 


Pramipexole Decreased renin and aldosterone secretion 

Rasagiline Reduction in sympathetic outflow 

Ropinirole 

Selegiline 

Tolcapone 

Fenoldopam Systemic, mesenteric, and renal vasodilation mediated by dopamine receptor 
activation94 

Donepezil Overactivation of muscarinic and nicotinic sites of autonomic and somatic 

Galantamine nerves98 

Propofoll80 Direct vasodilation of venous smooth muscle296 

Fludarabine Unknown 

Levofloxacin 


Table 28-3 Signs and Symptoms Associated with Drug-Induced 


Hypotension>»2>3,29 7,298 





Most common 


* Decline in systolic blood pressure >20 mm Hg or diastolic blood pressure >10 mm Hg within 1-3 minutes of 
standing, or during head-up tilt test of >60 degrees 

¢ Lightheadedness 

¢ Presyncope 

* Syncope 

¢ Blurry vision 

* Weakness 

* Buckling of legs 

* Cognitive slowing 

* Headache 

* Neck pain 

* Chest pain (in patients with underlying coronary artery disease) 

¢ Seizure or clonic jerks (due to cerebral hypoxia) 

¢ Dizziness 

* Tachycardia 

* Postprandial angina pectoris 


Given that only 2% of elderly patients with orthostatic hypotension are 
symptomatic, proactive screening is important to identify those who may remain 
undiagnosed, in view of the fact that orthostatic hypotension increases morbidity 
and mortality.*°0 A detailed medication history, including a review of prescription 
and nonprescription medications and supplements, a medical history, a thorough 
physical exam, and in some cases, specific diagnostic tests should be used to rule 
out other possible causes of hypotension. Conditions to consider in the differential 
diagnosis of drug-induced hypotension are presented in Table 28-4 ,°.294:255.280.297,298 
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To evaluate a patient for possible orthostatic hypotension, blood pressure and heart 
rate should be measured at three different times: after the patient has rested in the 
supine position for 5 minutes, immediately after the patient stands, and 1—2 minutes 
after standing. If the heart rate does not increase in the presence of orthostatic 
hypotension, then baroreceptor reflex dysfunction may be implicated. Heart rate 
responses to deep breathing and to the Valsalva maneuver may also aid in 
differentiating between autonomic impairment and other causes of orthostatic 
hypotension. As the time of day, ingestion of medications, and food consumption 
can influence orthostatic hypotension, the use of an ambulatory blood pressure 
monitor and a patient’s corresponding log or diary of events may be necessary. 
Early morning measurements, especially after a high-carbohydrate meal, are helpful 
to identify symptoms from postprandial hypotension that may be contributing to 
drug-induced orthostatic hypotension. In the absence of an ambulatory blood 
pressure monitor, patients should be instructed to keep a detailed log with times 
and measurements of their blood pressure before breakfast, after taking their 


medications, after meals, and before bedtime.?>> 


RISK FACTORS 


Risk factors for drug-induced hypotension are presented in Table 28-5.7°> As 
mentioned previously, elderly patients are at increased risk for drug-induced 
orthostatic hypotension. The risk of orthostatic hypotension associated with some 
drugs may increase based on specific patient and drug characteristics. Patients at 
highest risk of amifostine-induced hypotension are those who receive doses in 
excess of 910 mg/m”; have infusion times of 15 minutes or longer; have head and 
neck, esophageal, or lung cancer; have undergone neck irradiation; or have carotid 
artery disease or hypercalcemia.?°!7!80! Hypotension associated with intravenous 
opiates occurs primarily in hypovolemic patients; therefore, these agents should be 
avoided in patients with shock or reduced blood volumes. The risk of sildenafil- 
induced hypotension is greater in patients with spinal cord injuries, specifically 
cervical-level injuries.*°? Spinal cord injuries have not been established as a risk 
factor for hypotension with other phosphodiesterase type-5 inhibitors. Concurrent 
use of any phosphodiesterase type-5 inhibitor and nitrates should be avoided to 
prevent hypotension.?°8:7404303 The frequency of orthostatic hypotension caused 
by tricyclic antidepressants and antipsychotic agents increases in patients with 
advancing age and those with overt cardiovascular disease, particularly in those 
with left ventricular dysfunction or autonomic disease.°43> 


Table 28-4 Conditions to Consider in the Differential Diagnosis 
3,254,255,280,297,298 





of Drug-Induced Hypotension 
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Autonomic neuropathies 


¢ Prima 

Bradbury—Eggleston syndrome 
Shy—Drager syndrome 
Riley—Day syndrome 
Dopamine—f-hydroxylase deficiency 
Parkinson disease 

Lewy body dementia 
Idiopathic 

* Secondary 

Diabetes mellitus 

Uremia 

Guillain-Barré syndrome 
Amyloidosis 

Porphyria 

Kidney disease 

B j-receptor polymorphisms 
Spinal cord injury 


nNoooodddsd 
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Endocrine disorders 


* Pheochromocytoma 
* Hypoaldosteronism 
¢ Renal vascular hypertension 


Hypovolemic disorders 


* Anemia 

* Decreased plasma volume 
* Hemorrhage 

¢ Anorexia nervosa 

¢ Diarrhea 

* Overdialysis 

* Overdiuresis 


Transient neurogenic syncope 


¢ Micturition syncope 

* Carotid sinus syncope 

* Vasovagal syncope 

* Bezold—Jarisch reflex activation 
* Glossopharyngeal neuralgia 


Vascular insufficiency/vasodilation 


* Varicose veins 

¢ Arteriovenous malformations 
¢ Absent venous valves 

* Carcinoid syndrome 

* Cardiogenic shock 

* Mastocytosis 

¢ Hyperbradykininism 


Miscellaneous 


¢ Anaphylaxis 
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* Nutritional deficiencies (vitamin B19, folate) 


¢ Pregnancy 
* Space flight 


255 





Table 28-5 Risk Factors for Drug-Induced Hypotension 


¢ Alcohol use 

* Cardiovascular disease 

* Concurrent use of more than one drug associated with hypotension 
* Decreased hepatic drug metabolism 
¢ Fever 

* Hot baths/showers 

* Hot weather 

¢ Hyperventilation 

* Hyponatremia, hypokalemia 

¢ Intravascular volume depletion 

* Isometric exercise 

* Large meals 

* Overdiuresis 

* Poor hepatic blood flow 

* Prolonged recumbency 

* Rapid ascent to high altitude 

¢ Standing still 

¢ Straining to urinate or defecate 


* 8 -receptor polymorphisms 


Patients receiving angiotensin-converting enzyme (ACE) inhibitors are at risk 
for hypotension if they are receiving high doses of diuretics, have a low serum 
sodium concentration (<130 mEq/L), have a serum creatinine concentration >1.7 
mg/dL or have cardiovascular disease.!!7°°3°° Hypotension associated with B- 
adrenergic-receptor blocking agents is more likely in patients with pretreatment 
systolic blood pressure <90 mm Hg, heart rate <60 beats/min, depressed left 
ventricular ejection fraction, or changes in fluid status.°°’°°8 The risk of 
hypotension associated with diuretics is increased in patients with generalized 
disability, dehydration, intravascular volume depletion, or concomitant use of 
vasodilating agents such as nitrates, alcohol, barbiturates, or narcotics.°” 

Genomic factors may also play a role in the development of orthostatic 
hypotension. Although results are conflicting, a single-nucleotide polymorphism 
with a glycine to arginine switch at position 389 of the B,-adrenergic receptor has 
been found to significantly lower contractile responsiveness to catecholamines, 
thus increasing susceptibility to orthostatic hypotension.*83!0-3!2 
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MORBIDITY AND MORTALITY 


Drug-induced orthostatic hypotension may lead to falls, myocardial infarction, 
transient ischemic attack, stroke, and organ damage and may be particularly 
hazardous in the elderly population. Othostatic hypotension results in increased 
healthcare utilization, with an estimated 233 persons per 100,000 hospitalized for 
orthostatic hypotension and an average length of stay of 3 days.*!> Fifty percent of 
admissions due to an injury from a fall result in a discharge to a nursing home.*!4 
Of those admitted for orthostatic hypotension, nearly 1% die while hospitalized. 
Orthostatic hypotension is associated with an increased risk of mortality and 
cardiovascular morbidity and is an independent predictor of mortality and falls in 
the elderly. In community-dwelling elderly who sustain a fall, 5-10% suffer a 
serious injury such as a fracture, head trauma, or serious laceration.*!>-3!8 These 
injuries can lead to considerable long-term mortality. In the older population, 1% 
of falls result in a hip fracture; within 1 year, these fractures are associated with a 
mortality rate of 20-30%.°!*7!9*! The most severe consequences of drug-induced 
orthostatic hypotension are cerebrovascular accident, myocardial infarction, and 
death.°?*°75 It is unknown whether death is directly owing to orthostatic 
hypotension or secondary to stroke or myocardial infarction, but there appears to be 
a clear relationship between orthostatic hypotension and death.°77>7°°7/ 





Table 28-6 Approaches to Help Prevent Drug-Induced 
3,254,255,298 





Hypotension 


¢ Avoid concurrent use of nitrates and phosphodiesterase type-5 inhibitors 

* Elevate the head of the bed to a 5—20° angle 

¢ Encourage mild-to-moderate exercise 

¢ Initiate therapy with the lowest possible dose, administering the first dose at bedtime, and increasing the dose 
slowly 

¢ Instruct the patient to arise slowly upon waking, allowing the feet to dangle over the side of the bed for a 
few seconds to minutes, before rising to a completely elevated stance 

¢ Instruct the patient to avoid consuming large meals 

¢ Instruct the patient to avoid situations that may potentially induce orthostatic hypotension (Table 28-5) 

* Instruct the patient to consume 200—250 mg of caffeine (2 cups of coffee) with a meal 

¢ Instruct the patient to eat low-carbohydrate foods 

* Instruct the patient to eat sodium-containing foods and increase water intake 

* Instruct the patient to mimimize alcohol intake 

* Obtain an extensive medical and medication history 

* Use Jobst stockings, waist-high custom-fitted elastic stockings, and knee-length elastic stockings with an 
abdominal binder 


PREVENTION 
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Strategies for prevention of drug-induced orthostatic hypotension are presented in 
Table 28-6 3:254:255.298 


PHARMACOLOGIC STRATEGIES 


In patients with one or more risk factors for drug-induced hypotension, there are 
certain measures that can minimize the risk. The drug with the lowest risk of 
orthostatic hypotension should be chosen and initiated at the lowest dose possible, 
with slow dose titration, and ideally administered at bedtime. Furthermore, for 
patients with multiple comorbidities, such as automonic dysfunction, heart failure, 
or diabetes, who are a fall risk or have multiple risk factors, then the first dose of 
the potentially causative drug should be administered in a controlled setting. 


In patients receiving drugs that are associated with orthostatic hypotension, the 
risk can be reduced with drug-specific measures. Ifa diuretic is to be administered 
concomitantly with another antihypertensive agent, administration of the two drugs 
should be separated as much as possible.*78 In patients who experience histamine- 
related hypotension associated with vancomycin or the opioid derivatives, 
prophylactic administration of oral or intravenous histamine-1 receptor blockers 
may help prevent future episodes. Methylprednisolone may be administered | hour 
before the first and second doses of thymoglobulin to prevent cytokine-mediated 
hypotension.2”* Doses of atracurium and mivacurium should be divided or 
administered over 1—2 minutes, or both, to decrease the risk of histamine-related 
hypotension.” To reduce the risk of ACE inhibitor-induced hypotension, the initial 
dose of these drugs should be reduced by 50% if the pretreatment systolic blood 
pressure is <100 mm Hg; however, if the pretreatment systolic blood pressure is 
<90 mm Hg, therapy with an ACE inhibitor should be initiated only with caution 
and with careful monitoring.*07°°8 


Within the inpatient setting, patients may experience acute hypotension 
associated with the use of intravenous vasodilatory inotropes such as milrinone, 
direct vasodilators such as hydralazine or nicardipine or mixed arterial/venous 
vasodilators such as nitroprusside or nesiritide. Kidney function should be taken 
into account when selecting initial doses of intravenous vasodilators that are 
eliminated renally, such as milrinone and nitroprusside. If symptomatic hypotension 
develops, doses of these intravenous agents should be titrated as low as possible to 
restore adequate hemodynamics, or therapy should be discontinued. Invasive blood 
pressure monitoring with an arterial catheter should be used to assess hemodynamic 
parameters and adjust doses of vasoactive agents if the patient develops 
cardiogenic shock. 


NONPHARMACOLOGIC STRATEGIES 
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Other strategies to minimize the risk of drug-induced hypotension include elevating 
the head of the patient’s bed to a 5—20° angle. This helps activate the renin- 
angiotensin-aldosterone system and reduces nocturnal diuresis while preserving 
interstitial fluid in the extremities.4* Patients should arise slowly upon waking, 
allowing their feet to dangle over the side of the bed for a few seconds to minutes 
before rising to a completely elevated position. Situations that may potentially 
induce orthostatic hypotension should be avoided (Table 28-5).*°> If drug-induced 
hypotension is exacerbated by postprandial hypotension, symptoms can be 
minimized by reducing alcohol intake, eating low-carbohydrate foods, and avoiding 
large meals. By blocking adenosine receptors, consumption of two cups of coffee 
(200-250 mg of caffeine) with breakfast and lunch can increase systolic pressure 
by about 12 mm Hg and diastolic pressure by about 6 mm Hg.*??»*° Drinking 
caffeinated beverages around the clock increases the risk of tolerance to the 
caffeine; thus, consumption of caffeinated beverages are recommended in the 
morning and midday only. Exercise may be helpful in patients with poor orthostatic 
tolerance. Mild exercise may improve symptoms with minimal effects on resting 
blood pressure. Postural maneuvers may also be used to increase blood pressure. 
Leg crossing and squatting may allow patients to increase their blood pressure by 
as much as 13-44 mm Hg.7°4:259:280.297,298 


Compression stockings, waist-high custom-fitted elastic stockings, and knee- 
length elastic stockings with an abdominal binder may help decrease venous 
pooling of blood. In patients with no contraindications, water and foods containing 
sodium can be consumed liberally.2°4:7>°.29°73! As little as 240 mL of water may 
exert a pressor effect,resulting in seated blood pressure increasing within 5 


minutes, peaking within 35 minutes, and persisting for 60 minutes or longer.?>7>*4 


MANAGEMENT 


When possible, contributing factors should be eliminated, and the offending 
medication should be identified, discontinued, and replaced with another 
medication with a lower risk of hypotension. Because drug-induced hypotension 
may be directly related to a high therapeutic dose, overdose, or administration rate, 
management varies depending on the precipitant medication. Table 28-7 provides 


specific recommendations for managing hypotension caused by specific 
drugs, !!6124,150-152,154-158,176,185,202,220,237,243,256,265,269,273,290,29,308,309,335-344 


Table 28-7 Medication-Specific Management for Drug-Induced 


Hypotension 





Medication Recommendation 
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ACE inhibitors256 


Amiodarone 116,335 


Amifostine202 


Antipsychotic agents336-338 


Centrally acting a-adrenergic 
agonists308,336 


Direct-acting arterial 
vasodilators309,336 


Dopamine agonists176,185 
B-blockers309,336 


Epoprostenol243,339 


Etoposide273 


Fenoldopam340 
Interleukin-2273 


Levofloxacin156 


Milrinone237,341 


Nesiritide220 


Nitrates309,336 
Opiates309,336 


Pentamidine 154,155 


Phenytoin150- 152,290,291 
Fosphenytoin150-152,290,291 


Procainamide 124 


Tricyclic antidepressants269,342 


Reduce or briefly discontinue diuretic and/or ACE mhibitor; restart at 50% of 
the dose 


Reduce rate of IV infusion; may consider use of fluids or vasopressor or 
inotrope 


Place patient in the Trendelenburg position, discontinue amifostine, and initiate 
fluid infusion (saline); infusion duration >15 minutes is associated with a 
higher incidence of adverse effects 


Discontinue agent; restart at 25-50% of initial dose; in severe cases, begin 
fluid resuscitation or vasopressors (1.¢., dopamine, epinephrine, 
norepinephrine) 

Slowly decrease dose and discontinue agent; in severe cases, begin fluid 
resuscitation, vasopressors (i.e., epinephrine), or naloxone, or all of these 


If severe, consider fluid resuscitation and/or vasopressors (i.e., dopamine) 


Reduce dose 


Reduce dose of B-blocker, adjust dose of ACE mnhibitor and diuretic, or both; 
if severe, consider fluid resuscitation and/or vasopressors (epinephrine or 
norepinephrine) 


Discontinue infusion and hypotension should resolve within 5 minutes; begin 
again at a slower rate 


If hypotension occurs, discontinue the infusion and, if necessary, administer 
fluids; infuse etoposide over at least 30-60 minutes 


Discontinue IV infusion and restart at slower rate and lower dose 

Use IV fluids judiciously; vasopressors such as dopamine or phenylephrine 
may be required 

Discontinue IV infusion and restart at slow rate (over 60 to 90 minutes) 
Consider fluid resuscitation, vasopressors (i.e., dopamine, norepinephrine, 
phenylephrine), or vasopressin (0.03—0.07 units/min) 


Discontinue nesiritide and observe patient; once stabilized, restart therapy 
with no bolus at 30% of initial dose 


For IV, discontinue infusion and restart at a lower dose 
Discontinue IV infusion and begin at a slower rate; pretreat with histamine 


antagonists; for severe hypotension, administer naloxone; avoid use of IV 
codeine 


Patients should be supine and blood pressure monitored closely during and 
following administration until stable 


Reduce rate of IV infusion or discontinue the drug 


Reduce rate of IV infusion, lower the dose, or both 


Slowly decrease dose, then discontinue; consider alternative agent such as 
SSRI or nortriptyline; if severe, begin fluid resuscitation or vasopressors (Le., 
dopamine, epinephrine) 


Vancomycin157,158,265,343,344 | Discontinue IV infusion and restart at slower rate; infuse over more than 1 
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| hour; fluids, antihistamines, or corticosteroids may also be considered 


ACE = angiotensin-converting enzyme, IV = intravenous, SSRI = selective serotonin reuptake inhibitor. 


If the initial management measures listed in Table 28-7 do not sufficiently 
correct hypotension, then drug treatment may be considered (Table 28-8) .*40°49-38 
With one exception noted below, drug treatment has not been studied in the setting 
of drug-induced hypotension. 


Although fludrocortisone has not been directly evaluated for the treatment of 
drug-induced orthostatic hypotension, it 1s considered a treatment of choice for 
orthostatic hypotension.****4 Fludrocortisone is a potent mineralocorticoid with 
minimal glucocorticoid effects. Fludrocortisone may increase blood volume by 
stimulating renal sodium retention and vascular sensitivity to norepinephrine and by 
raising peripheral vascular resistance via enhancement of catecholamine release. 
The initial dose is 0.1 mg orally once daily, and the dose should be titrated upward 
based on efficacy every 1-2 weeks to a maximum dose of 1 mg/day; total daily 
doses exceeding 0.3 mg daily may not provide added benefit. The full therapeutic 
effect may require up to 1—2 weeks. Adverse effects include hypokalemia and 
hypomagnesemia, which may occur within the first 2 weeks of therapy. Headache, 
edema, weight gain, and supine hypertension may also occur. Despite the fact that 
fludrocortisone is used commonly for orthostatic hypotension, limited data exist 
regarding its efficacy, and some studies have questioned its value as compared with 
placebo.*©7.85.386 If fludrocortisone is not tolerated or does not eliminate 
orthostatic symptoms, midodrine can be added in place of, or as adjunctive therapy 
to, fludrocortisone.!3°3 


Table 28-8 Drug Therapy Regimens Used to Treat Orthostatic 
Hypotension 





Level of 
Medication Evidence* 
Clonidine357,382,398,399 B 
Dihydroergotamine349,350 A 
Ergotamine tartrate355 C 


1209 


Epoetin alpha358-361 25-75 units/kg sub-Q 3 times weekly B 
Fludrocortisone362,363,b A 
Indomethacin368,369 B 


IM = intramuscularly, PO = oral, sub-Q = subcutaneous. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bPreferred therapy. Other drugs listed in this table reserved for hypotension refractory to fludrocortisone or 


midrodine. 


Midodrine, a prodrug of desglymidorine, is a peripherally acting a-adrenergic 
agonist that constricts both the arterial and venous vasculature. This was the first 
U.S. Food and Drug Administration (FDA)-approved agent for the treatment of 
orthostatic hypotension and has demonstrated efficacy in small randomized, 
controlled trials.*7!°/7°879! However, in view of limited postmarketing 
effectiveness data, in 2012 the FDA requested the manufacturer of midodrine to 
conduct two trials, the results of which are pending.*”* The initial dose is typically 
2.5 mg two to three times daily, which may be titrated upward by 2.5 mg three 
times daily at weekly intervals to a maximum total daily dose of 30 mg. The drug 
should be administered two or three times daily, with the last dose given 4 hours 
before bedtime to avoid supine hypertension. Other adverse effects include 
piloerection, pruritus, and tingling of the scalp. 

Droxidopa, a synthetic norepinephrine precursor, is the second FDA-approved 
drug for the treatment of orthostatic hypotension, supported by evidence from 
several studies.*>'*>4 Most studies of droxidopa are in the setting of severe 
orthostatic hypotension often associated with autonomic disorders, such as 
Parkinson disease. The initial dose of droxidopa is 100 mg three times daily, 
titrated by 100 mg increments to achieve effect, or a maximum total daily dose of 
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1,800 mg. Adverse effects are mostly limited to supine hypertension; thus, the last 
dose should be administered 5 hours before bedtime.°”° 


Pyridostigmine is a cholinesterase inhibitor that improves autonomic 
neurotransmission. The initial and maintenance dose of immediate-release 
pyridostigmine for orthostatic hypotension is 60 mg daily. Pyridostigmine has 
demonstrated efficacy as monotherapy or in combination with midodrine 2.5—5 mg 
once daily without increasing supine hypertension.*”” Pyridostigmine has also been 
studied in combination with yohimbine, but synergistic effects were not 
demonstrated.*°* Adverse effects associated with pyridostigmine include 
diaphoresis, hypersalivation, nausea, emesis, and diarrhea. 


The ergot alkaloids ergotamine and dihydroergotamine administered 
parenterally, orally as a solid dosage form or via inhalation have shown some 
promise in improving blood pressure or venous pooling defects.*497°03°>79639 
Dihydroergotamine has also demonstrated improvements specifically for drug- 
induced orthostatic hypotension resulting from  antihypertensives and 
psychotropics.°”°*" In patients with refractory or severe orthostatic hypotension, 
therapy with the central a,-adrenergic receptor agonist clonidine, the peripheral a,- 
adrenergic receptor antagonist yohimbine, or the norepinephrine transporter 
blocker atomoxetine may be considered.*477>7780-382398-400 Although clonidine is 
generally thought to increase the risk of orthostatic hypotension, small studies 
suggest it may assist in raising blood pressure in patients with hypoadrenergic 
orthostatic hypotension by causing pronounced vasoconstriction.**” 

For patients with orthostatic hypotension and concurrent anemia, epoetin alpha 
may be a therapeutic option.7?3°*-3°! Epoetin alpha increases blood pressure, 
hematocrit, blood volume, and viscosity. Epoetin is especially helpful for patients 
with underlying anemia. Epoetin alpha is administered at a dose of 25—75 units per 
kilogram subcutaneously three times weekly with oral iron. Although there is no 
target hematocrit for the management of orthostatic hypotension, it is not 
recommended to exceed the normal ranges based on sex. It can be used as 
monotherapy or as an adjunct to other therapies. A risk and mitigation strategy 
(REMS) is no longer required for epoetin alpha, but possible adverse effects 
include edema, nausea, vomiting, and myalgia.70! 


Other adjunctive therapies include nonsteroidal anti-inflammatory drugs 
(NSAIDs). However, this approach is controversial. Although the true mechanism 
is unknown, NSAIDs are postulated to inhibit vasodilatory prostanoids and enhance 
vascular sensitivity to angiotensin II, thereby increasing peripheral vascular 
resistance. In addition, these agents cause sodium retention, thus increasing 
intravascular volume. Indomethacin 50 mg orally three times daily and flurbiprofen 
50—200 mg orally two to three times daily, either alone or in combination with 
fludrocortisone, have each been shown to relieve symptoms of orthostatic 
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hypotension and increase blood pressure.*°°*°? However, indomethacin should be 
avoided, when possible, because of the increased risk of confusion. Further, 
chronic use of all NSAIDs should be used with caution in all patients because of 
the risk of cardiovascular, gastrointestinal, and renal adverse effects. 


Oral propranolol or pindolol may reestablish sympathetic homeostasis in 
patients with low plasma catecholamine concentrations and impaired baroreceptor 
function.*4037-378402 Tnhibiting a-adrenergic receptors allows plasma 
catecholamines to exhibit predominant effects on the vasoconstrictive B-adrenergic 
receptors. The efficacy of using , selective f-blockers remains 


unclear .345.346,370,403,404 


It has also been reported that 5-hydroxytripta-mine (serotonin) may play an 
important role in the modulation of central nervous system blood pressure and heart 
rate regulation; thus, fluctuations in central serotonin concentrations could play a 
role in the pathogenesis of neurocardiogenic vasovagal syncope. Robust data 
support the efficacy of paroxetine for improvement of symptoms in patients with 
vasovagal syncope who are unresponsive to or intolerant of traditional 
medications.*’> Fluoxetine has also demonstrated efficacy in treating refractory 
orthostatic hypotension.°©4> 


In summary, treatment of drug-induced orthostatic hypotension should begin 
with conservative, nonpharmacologic measures and resort to drug treatment only 
when necessary. With the exception of dihydroergotamine, drug treatments for drug- 
induced orthostatic hypotension have not been studied. However, extrapolating the 
body of evidence for treatment of orthostatic hypotension, fludrocortisone remains 
the initial choice for drug treatment for most patients with drug-induced orthostatic 
hypotension. 


INFORMATION FOR PATIENTS 


Patients susceptible to drug-induced hypotension and their care providers should be 
educated regarding the proper technique for measurement of blood pressure in both 
the supine and upright positions, acceptable blood pressure ranges, and 
medications that may cause hypotension.’ Patients should be instructed that simply 
sitting or lying down quickly may alleviate symptoms of orthostatic hypotension. 
However, patients should be warned not to lie down for several hours after taking 
short-acting pressor agents. Patients taking antihypertensive medications should be 
instructed to always change their posture gradually, pausing for 10-30 seconds 
before arising from a seated position. If orthostatic hypotension develops in a 
seated position, patients should place their feet on a footrest. Several smaller meals 
rather than larger meals should be ingested to decrease the risk of postprandial 
hypotension. Patients should avoid excessive alcohol consumption, exposure to 
extended periods of heat, and remain well hydrated at all times. Because physical 
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deconditioning may worsen orthostatic hypotension, healthcare providers may wish 
to encourage mild-to-moderate physical activity. Patient education handouts with 


patient-friendly information can also be useful. 
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CHAPTER 29 


Valvular and Pericardial Heart 
Disease 


Sarah A. Spinler and Frank E. Silvestry 


Although cardiovascular disease is the leading cause of death in the United States, 
valvular and pericardial disease remain relatively uncommon as compared with 
other cardiovascular diseases such as hypertension and ischemic heart disease. 
Valvular heart disease accounts for approximately 3.1% of all cardiovascular 
deaths in the United States.! Pericarditis is responsible for approximately 5% of 
emergency department visits for chest pain and results in 0.1% of hospital 
admissions. Drug therapy may result in a wide variety of cardiovascular 
complications, including valvular heart disease and pericardial disease. Although 
more commonly a result of degenerative or rheumatic processes, valvular heart 
disease (which includes aortic, mitral, and tricuspid regurgitation) has been 
reported to occur in association with or as a result of drug therapy. Pericardial 
disease associated with drug therapy includes pericarditis due to drug-induced 
systemic lupus erythematosus (SLE)-like syndrome (with or without cardiac 
tamponade), acute pericarditis, constrictive pericarditis, and hemopericardium. 
This chapter will review the manifestations of drug-induced valvular and 
pericardial heart disease. 
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CAUSATIVE AGENTS 

Drugs that have been reported to induce valvular or pericardial heart disease are 
listed in Table 29-1.*-!*° Three main drug classes that have been associated with 
the development of new valvular or pericardial heart disease are: ergot alkaloids 
(for migraine headache), ergot-derived dopamine agonists (for Parkinson disease), 
and 5-hydroxytryptamine (5-HT or serotonin) uptake regulators/inhibitors for 
weight loss. The earliest reports of drug-induced valvular heart disease appeared 
in the 1960s, in association with the ergot alkaloids ergotamine and 
methysergide.'©!77323 The anorectic agents fenfluramine and its D-isomer 
dexfenfluramine, as well as fenfluramine in combination with phentermine, a 
combination commonly referred to as “fen-phen,” have been associated with left- 
sided regurgitant valvular lesions.*!>-'*-*! Both fenfluramine and dexfenfluramine 
were withdrawn from the U.S. market in 1997, after reports of valvular heart 
disease associated with these agents began to appear.*!? The ergot-derived 
dopamine agonists bromocriptine, cabergoline, and pergolide, used to treat 
Parkinson disease, have also been reported to result in both left- and right-sided 
valvular disease.>77-7688,90-97,125-127 Ty 2006, the U.S. Food and Drug 
Administration (FDA) ordered the inclusion of a black box warning in pergolide’s 
labeling regarding the potential for valvular heart disease. The drug was 
voluntarily withdrawn from the U.S. market in 2007 amid continuing reports of this 
drug-induced disease. Cabergoline, when used at lower doses for the treatment of 
prolactinoma and acromegaly, has not been associated with valvulopathy.!°7!® A 
multicountry nested case-control study found that pergolide and cabergoline were 
both associated with significant valvulopathy in patients with Parkinson disease but 
not when used for treatment of hyperprolactinemia.!® This may be due to lower 
weekly and cumulative doses used in the treatment of hyperprolactinomas.!*! In 
2007, the European Medicines Agency added a warning about valvulopathy to the 
labeling of all ergot alkaloids and restricted the maximum dose of cabergoline and 
bromocriptine to 3 mg/day and 30 mg/day, respectively.!©°!® In August 2011, the 
FDA added a cardiac valvulopathy warning to the product labeling of 
cabergoline.'©!”? The product label recommends a maximum dose of 1 mg twice 
weekly for treatment of prolactinomas and baseline echocardiography to exclude 
significant valvular disease (a contraindication to use) as well as echocardiograms 
every 6-12 months and diagnostic monitoring using chest x-ray and computed 
tomography (CT) scan if clinical signs and symptoms such as edema, new cardiac 
murmur, dyspnea, or heart failure appear. 


Table 29-1 Agents Implicated in Drug-Induced Valvular and 


Pericardial Heart Disease 
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Drug 


AORTIC REGURGITATION 
Bromocriptine3,97,125 


Cabergoline77,79,80,86-9 1,97, 126,127 
Dexfenfluramine4- 15 


Dexfenfluramine in combination with 
phentermine4-15 


Ergotamine 16,17 
Fenfluramine4-15,18-21 


Fenfluramine in combination with phentermine5- 
15,18-21 
MDMA98 


Methysergide59,62,63 


Pergolide22,76-78,80,8 1,82-88,90-97,127 


MITRAL REGURGITATION 


Bromocriptine3,97,125 
Cabergoline77,80,86-9 1,97, 126,127 
Dexfenfluramine4- 15 


Dexfenfluramine in combination with 
phentermine4-15 


Ergotamine 16,17,23 
Fenfluramine4-15,18-21 


Fenfluramine in combination with phentermine4- 
15,18-21 
MDMA98 


Methysergide59,62,63 


Pergolide22,76-78,80-88,90-97,127 


TRICUSPID REGURGITATION 


Bromocriptine3,97,125 
Cabergoline80,88, 126,127 
Ergotamine 16,23 
MDMA98 


Methysergide59,62,63 
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0.02% 


Pergolide22,76-78,80-88,90-97,127 0.005—78% B 


MITRAL STENOSIS 





ACUTE EFFUSIVE PERICARDITIS 





Adalimumab155,156 NK C 
Azactidine 124 NK C 
Balsalazide 137,138 NK C 
Busulfan24,25 C 
Clozapine99-109,156-159 B 
Cromolyn sodium26 NK C 
Cyclophosphamide 24,27,28,141 NK C 
Cytarabine24,29-31 NK C 
Dantrolene sodium32,33 C 
Daunorubicin24,34 NK C 
Doxorubicin24,34 NK C 
5-flurouracill 44,145 C 
Hydralazine (secondary to SLE-like syndrome)35- |2% C 
37 

Isoniazid (secondary to SLE-like 30% C 
syndrome )38,39,128 

Methyldopa (secondary to SLE-like syndrome)40 |NK 

Mesalazine (mesalamine)75,112-122,134-136 NK 


Z 
nw 


Methotrexate 110,111,130,131 





Minoxidil4 1-44 3.8-20% 


Z 
nw 


Phenylbutazone45 


nw 


Phenytom (secondary to SLE-like syndrome)35 


Procainamide (secondary to SLE-like 18-57% 
syndrome )48-53 


Sulfasalazine 112,123 


Z 
nw 


Tretinom24,54 


Z 
nw 


NK 

we 
xk 
xk 
pam 
xk 
xk 
mf 
a 
xk 


CONSTRICTIVE PERICARDITIS 
Cyclophosphamide55 





Cytarabine56 
Ergotamine5S7 
Methysergide58-63 


Procainamide (secondary to SLE-like 





syndrome)48 
HEMOPERICARDIUM 

Apixaban148 C 
Busulfan64 C 
Dabigatran149-152 C 
Fibrinolytics65-71 iG 
Rivaroxaban153-154 C 
Vitamin K antagonists (oral)72-74 C 


MDMA = methylenedioxymethamphetamine, NK = not known, SLE = systemic lupus erythematosus. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Acute pericarditis has been associated with a wide variety of drugs (Table 29- 
1), including those that may induce the syndrome resembling SLE (hydralazine, 
isoniazid, methyldopa, phenytoin, procainamide), cancer chemotherapy drugs 
(busulfan cyclophosphamide, cytarabine, methotrexate, doxorubicin, daunorubicin, 
tretinoin, 5-flurouracil, azacitidine), and other drugs including mesalazine 
(mesalamine), sulfasalazine, balsalazide, infliximab, adalimumab, minoxidil, 
dantrolene sodium, phenylbutazone, cromolyn sodium, and interferon alpha.*7* 
94,79,109-122,124,128-143,155,156 Clozapine has been associated with pericarditis, often in 
conjunction with myocarditis.??!°%'**!47 Constrictive pericarditis has been 
reported in association with ergotamine, methysergide, cyclophosphamide, 
cytarabine, and procainamide.*®>>-° Finally, hemopericardium, with or without 
pericarditis, has been described after fibrinolytic therapy for acute myocardial 
infarction or stroke, during busulfan therapy (in conjunction with severe 
thrombocytopenia), during therapy with vitamin K antagonist anticoagulants such as 
warfarin, and more recently with the direct-acting oral anticoagulants apixaban, 
dabigatran, and rivaroxaban.°* /4!48-154 


EPIDEMIOLOGY 


There are no available estimates of the overall incidence or frequency of drug- 
induced valvular or pericardial diseases. However, incidences of pericardial 
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effusion due to minoxidil, pericarditis in patients with drug-induced SLE, valvular 
disease with long-term ergot alkaloid therapy, hemopericardium after fibrinolysis 
for myocardial infarction, and regurgitant valvular disease induced by anorectic 
agents have all been described relatively well. 


The incidence of pericardial effusion occurring during minoxidil therapy ranges 
from 3.8% (73 of 1,919 patients) to 20% (1 of 5) depending on the population 
studied, with a higher frequency in patients with kidney disease.*!*? The 
prevalence of acute pericarditis in those with idiopathic SLE ranges from 30% to 
45%.*® Reported rates of acute pericarditis complicating drug-induced SLE are 
similar to those associated with idiopathic SLE; the incidences of acute pericarditis 
associated with isoniazid and procainamide are approximately 30% and 18-57%, 
respectively.*® Pericarditis in patients with SLE-like syndrome secondary to 
hydralazine and methyldopa is relatively uncommon.?’*? Cardiac tamponade 
occurring in patients with idiopathic or drug-induced SLE is rare.*°*/ 


Although the vascular complications associated with ergot alkaloid treatment 
have been known for well over a century, the frequency of valvular disease is less 
well characterized. Early reports relied on auscultatory findings, which are less 
sensitive than echocardiography in the detection of valvular disease. Graham and 
colleagues®-°> estimated that the incidence of methysergide-associated valvular 
disease is 1 in 5,000 patients treated. 


The incidence of echocardiographically detected pericardial effusion and 
hemopericardium after fibrinolysis is highly variable, ranging from 8.75% in 80 
consecutive patients treated with streptokinase to 24% in 112 patients treated with 
alteplase.°””! In a study of 192 patients who underwent serial echocardiography on 
days 1, 5, 10, and 21 and then annually for 3 years, pericardial effusion was 
detected at least once in 43% of patients, and the incidence was similar in those 
who received fibrinolytics (42%) and those who did not (50%).’° The frequency of 
pericardial effusion varies depending on the duration of echocardiographic follow- 
up, with an increasing frequency occurring during the first 5 days after myocardial 
infarction, regardless of whether fibrinolytic drugs were administered.”° 


The best-studied example of drug-induced valvular heart disease is that of 
mitral and aortic regurgitation caused by the anorexiant agents fenfluramine and 
dexfenfluramine. In 1997, the FDA defined anorexiant drug-related cardiac 
valvulopathy as moderate or greater mitral regurgitation, mild or greater aortic 
regurgitation, or both detected on a standard echocardiogram, in the absence of 
other known causes of valvular disease. Patients with these drug-related findings 
are defined as FDA-positive.* Using that definition, the reported prevalence of 
fenfluramine-associated and dexfenfluramine-associated valvular disease ranged 
from <0.1% to 38%, depending on the population studied and method used.*? 
Assessing data only from controlled studies, the incidence of FDA-positive 
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valvular heart disease associated with anorexiant drugs varies from 1% to 15%, 
which is still significantly higher than that reported in controls (3-6%).>!7!!7 
Aortic regurgitation occurs more frequently than mitral regurgitation.°’7/* A 
prospective study did not find an association between phentermine (when taken 
without fenfluramine or dexfenfluramine) and valvulopathy, and as a result, 
phentermine remains currently used as monotherapy.>!° Moderate-to-severe 
cardiac valvular regurgitation associated with ergot alkaloids in patients with 
Parkinson disease has also been well studied. Case-control studies comparing the 
frequency of cardiac valvular disease with ergot drugs (pergolide, cabergoline) to 
either nonergot drugs (such as ropinirole or pramipexole) or controls report a 
frequency of 18-37% in ergot-treated patients, 0—25% in non-ergot-treated patients 


and 4-18% in controls, with ergot-treated patients at increased risk of valvular 
heart disease, 70-8!:83,84:87.93.94,126,127 


MECHANISMS 


There are a number of proposed mechanisms for drug-induced valvular and 
pericardial heart disease (Table 29-2). A common link between valvular 
regurgitation after ergotamine, methysergide, fenfluramine, and dexfenfluramine is 
that these agents (and their metabolites) are similar structurally to serotonin and are 
potent agonists of the 5-hydroxytryptamine (HT)., subtype of serotonin receptor, 


which promotes serotonin release.>”!’*!7> 5-HT exerts a direct mitogenic 
transcriptionally controlled proliferative effect on cardiac valve vascular 


interstitial cells.!7°!7” Excessive cell division and proliferation leads to cell 
overgrowth resulting in valve dysfunction. 


Table 29-2 Mechanisms of Drug-Induced Valvular and 


Pericardial Heart Disease 





Drug Mechanism 

Alteplase, reteplase, streptokinase, tenecteplase Fibrinolytic effect coupled with pericarditis caused by 
(hemopericardium) myocardial infarction 

Fenfluramine, dexfenfluramine (valvulopathy) Activation of the 5-HT)p subtype of serotonin 
Ergotamme (valvulopathy) receptor, which promotes serotonin release 


Pergolide (valvulopathy) 
Cabergoline (valvulopathy) 
MDMA (valvulopathy) 


HT = hydroxytryptamine, MDMA = methylenedioxymethamphetamine. 


The type of valvular lesions observed in association with these agents is 
similar to that observed in patients with carcinoid heart syndrome, which is also 
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associated with high concentrations of circulating serotonin.” Human cardiac 
valves express large numbers of 5-HT>p receptors and no appreciable 5-HT5. 


receptors.®° Examination of affected native valves excised after valve-replacement 
surgery reveals glistening white leaflets and chordae covered with a thick coating; 
however, underlying structures in the valves are preserved. On histologic 
examination, there is a proliferation of myofibroblasts with deposition of abundant 
extracellular matrix. Echocardiography has defined diastolic doming and anterior 
leaflet thickening with affected mitral valves. Leaflet mobility is preserved in the 
anterior leaflets but is impaired in the posterior leaflets.°!© Animal models suggest 
that activation of the 5-HT,, receptor and decreased 5-HT transporter gene activity 
(resulting in reduced 5-HT clearance and processing at the receptor) are associated 
with valvulopathy. Pergolide, cabergoline, and bromocriptine are derivatives of 
ergotamine and are also 5-HT>, receptor agonists.!’*!8° Bromocriptine has a 
lower receptor-binding affinity and is a partial agonist of the 5-HT5, receptor, 
which may be the reason that there are fewer and only inconsistent reports of 
valvulopathy associated with this drug.’””?”!8° Lorcaserin, a weight-loss 


medication that is a specific agonist of 5-HT.<, has not been associated with 


valvulopathy.'7°'8! For unknown reasons, the valvulopathy observed with 


methysergide, ergotamines, fenfluramine, and dexfenfluramine is more often left- 
sided, while that associated with pergolide and cabergoline is right-sided.!”* Drugs 
with serotonergic activity but lacking activation of the 5-HT>, receptor, such as 


selective serotonin-reuptake inhibitors, triptans (5-HT,p and 5-HT jp receptor 


antagonist), or ondansetron (5-HT3 antagonist), have not been associated with 


cardiac valvulopathy.!78 


Interestingly, 3,4-methylenedioxymethamphet-amine (MDMA, or “ecstasy’’) 
also binds to and stimulates serotonin 5-HT>p receptors, producing an in vitro 
mitogenic response in cardiac valvular interstitial cells that 1s identical to that 
induced by fenfluramine.!”° One case-control echocardiographic study comparing 
the frequency of valvular heart disease using the FDA criteria for appetite- 
suppressant-induced valvular heart disease in users of MDMA (mean duration of 
use, 6.1 years) found an alarming incidence of 28% (8 of 29) in these young adults, 
as compared with 0% (0 of 28) among nonuser controls.?® There has been a single 
published case report of pulmonary hypertension and severe mitral stenosis and 
regurgitation requiring valve replacement in a patient reporting chronic ecstasy 
jee: ee 


Acute pericarditis and pericardial effusion occurring in patients with drug- 
induced SLE-like syndrome are pathologically indistinguishable from those 
occurring in association with idiopathic SLE. A more detailed discussion of the 
proposed mechanisms of drug-induced SLE-like syndrome may be found in Chapter 
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7. Pericarditis associated with mesalamine therapy has been postulated to be a type 
IV hypersensitivity reaction; there is an anamnestic response to re-exposure with 
recurrence on subsequent exposure to sulfasalazine. ’> The association of dantrolene 
with development of concomitant pleural and pericardial effusions and 
eosinophilia also suggests an allergic-type reaction.*? Pericarditis and pericardial 
effusion associated with cancer chemotherapy in the absence of pericardial 
metastases are believed to be caused by an inflammatory reaction secondary to 
direct cytotoxicity, an immune-mediated hypersensitivity process, or both.2*?°4 


Hemopericardium in patients with acute myocardial infarction who are treated 
with fibrinolytics is believed to be due to the antithrombotic effect of the 
fibrinolytic agent coupled with pericarditis caused by the myocardial infarction. 
However, at least one case of fibrinolytic-associated hemopericardium with 
cardiac tamponade has been reported after treatment of acute ischemic stroke with 
alteplase in the absence of myocardial infarction.°® Hemopericardium associated 
with administration of the oral vitamin K antagonist warfarin occurs most often, but 
not exclusively, in the setting of underlying pericarditis or after cardiac surgery and 
is believed to be due to the drug’s anticoagulant effect.’-”4 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms associated with drug-induced valvular and pericardial heart disease are 
similar to those of nondrug-induced disease and may occur at any time after 
initiation of therapy (Table 29-3). Patients with drug-induced valvular disease may 
present with a murmur on auscultation, signs of atrial or ventricular enlargement or 
dysfunction, fatigue, exercise intolerance, dyspnea on exertion, peripheral or 
pulmonary edema, as well as other signs of acute or chronic heart failure.!7*!?.!84 
Many patients have no symptoms or obvious physical findings. Those with 
tricuspid regurgitation present with right-sided heart failure, symptoms of 
peripheral edema, ascites, hepatomegaly, jugular venous distention, or any 
combination of these.!** Patients with drug-induced valvular disease may also 
present with endocarditis.!°*!** Individuals with drug-induced pericarditis may 
present with an enlarged cardiac silhouette, suggesting pericardial effusion on chest 
radiography, a characteristic pericardial friction rub on auscultation, dyspnea, 
pulsus paradoxus, cough, abdominal distention secondary to hepatic congestion, 
and a characteristic pleuritic chest pain that radiates to the scapula or jaw, worsens 
on inspiration or when laying supine and improves when leaning forward.” A 12- 
lead electrocardiogram (ECG) may reveal PR segment depression (except in lead 
aVR, where the PR segment may be elevated) and diffuse concave upward ST- 
segment elevation, as is observed in patients with other causes of acute 
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pericarditis. Pleural effusion may also accompany pericardial effusion. Markers of 
inflammation such as C-reactive protein, erythrocyte sedimentation rate, and white 
blood cell count may also be elevated. If concomitant myocarditis is present, serum 
troponin concentrations may also be increased.* Cardiac magnetic resonance 
imaging (MRI) should be performed in patients with suspected concomitant 
myocarditis. Other causes of pericarditis, such as infection, autoimmune disorders 
(e.g., SLE, sarcoidosis or amyloidosis) or malignancy, may be excluded using 
cardiac MRI, pericardiocentesis, and cell cytology. Percutaneous pericardial 
biopsy is often performed in conjunction with pericardiocentesis and reveals 
fibrosis and nonspecific inflammation. Patients with pericarditis and pericardial 
effusion secondary to SLE-like syndrome may also present with signs and 
symptoms of SLE, which are described in more detail in Chapter 7. Those with 
ergot-induced valvular or pericardial heart disease may also present with 
concomitant retroperitoneal fibrosis.°***'®> Patients with cardiac tamponade 
typically present with tachycardia, tachypnea, pericardial effusion, pulsus 
paradoxus, diffuse low voltage on 12-lead ECG, and clinical signs of hemodynamic 
compromise, such as hypotension. In addition, they may present with cardiogenic 
shock or cardiac arrest with pulseless electrical activity. 


Table 29-3 Signs and Symptoms Associated with Valvular and 


Pericardial Heart Disease 





Valvular heart disease 


¢ Atrial and ventricular enlargement on physical examination, echocardiogram, or both 

¢ Dyspnea at rest or on exertion 

¢ Murmur characteristic of the involved valve(s) detected on auscultation 

¢ Signs and symptoms of endocarditis 

¢ Signs and symptoms of heart failure, including peripheral edema, ascites, hepatomegaly, venous distention, 
rales 


Acute and constrictive pericarditis 


¢ Abdominal distention 

* Chest pain 

* Concomitant pleural effusion 

* Cough 

* Dyspnea 

* Pericardial friction rub on auscultation 

¢ PR segment depression (except in lead aVR, where PR segment may be elevated) and diffuse ST segment 
elevation on 12-lead electrocardiogram 

¢ Pulsus paradoxus 

* Retroperitoneal fibrosis (ergotamine, methysergide, pergolide, cabergoline) 

* Signs and symptoms of systemic lupus erythematosus-like syndrome 


Pericardial tamponade 


* Cardiac arrest with pulseless electrical activity 
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¢ Diffuse low voltage on 12-lead electrocardiogram 

* Feeling of apprehension 

Pericardial effusion 

Pulsus paradoxus 

Signs of hemodynamic compromise such as hypotension or cardiogenic shock 
Tachycardia 


All patients with suspected drug-induced valvular or pericardial disease should 
undergo full transthoracic echocardiography with Doppler interrogation of the 
valves. Transesophageal echocardiography may be used if the transthoracic study is 
nondiagnostic because of technical limitations. Calcification, stenosis, and 
rheumatic thickening of the valves are generally absent. Examples of 
echocardiographic findings in patients with anorexiant-associated valvulopathy are 
shown in Figure 29-1, Figure 29-2, and Figure 29-3, and cardiac tamponade 
associated with drug-induced SLE-like syndrome is shown in Figure 29-4 and 
Figure 29-5. 





FIGURE 29-1 Transthoracic Echocardiogram from the Parasternal Window 
in the Long Axis 


Demonstrating a normal left atrium (LA), left ventricle (LV), and right ventricle (RV) with mild thickening and 
restriction of the posterior mitral-valve leaflet (arrow). A finding that is typical of anorexiant-induced 
valvulopathy. 
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FIGURE 29-2 Transthoracic Echocardiogram with Doppler Map from the 
Parasternal Window in the Long Axis of the Same Patient as in Figure 29-1 
Demonstrating a jet of moderate mitral regurgitation (arrow) directed slightly posteriorly, due to mild restriction 


of the posterior leaflet, as is characteristic of anorexiant-induced valvulopathy. LV = left ventricle, RV = right 
ventricle. (See color section.) 





FIGURE 29-3 Apical 4-Chamber View from a Transthoracic Echocardiogram 
from the Same Patient as in Figures 29-1 and 29-2 


Demonstrating a jet of moderate mitral regurgitation (arrow) directed slightly posteriorly and laterally, due to mild 
restriction of the posterior leaflet, characteristic of anorexiant-induced valvulopathy. LA = left atrium, LV = left 
ventricle, RA = right atrium, RV = right ventricle. (See color section.) 
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FIGURE 29-4 Transthoracic Echocardiogram from the Parasternal Window 
Demonstrating a Large Circumferential Pericardial Effusion (PE) Surrounding 
the Heart 

In a patient with a drug-induced syndrome resembling systemic lupus erythematosus and who subsequently 


progressed to massive pericardial effusion with tamponade. Note the small and underrfilled left atrium (LA), left 
ventricle (LV), and right ventricle (RV). Ao = aorta. 





FIGURE 29-5 Transthoracic Echocardiogram from the Parasternal Window 


of the Heart in Short Axis 
Demonstrating a Large Circumferential Pericardial Effusion (PE) Surrounding the Right Ventricle (RV) and Left 
Ventricle (LV). In a patient with a drug-induced syndrome resembling systemic lupus erythematosus and who 


subsequently progressed to massive pericardial effusion with tamponade. Note the thickened visceral 
pericardium (arrow), which is typical of patients with inflammatory PE. 


Conditions to consider in the differential diagnosis of drug-induced valvular or 
pericardial disease are presented in Table 29-4. All patients presenting with 
suspected drug-induced valvular disease should undergo evaluation to exclude the 
diagnosis of carcinoid tumor using a 24-hour urine collection for determination of 
5-hydroxy-indolacetic acid excretion, serum analysis of chromogranin A, as well 
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as radiologic imaging to exclude the presence of a primary tumor or liver 
metastases.*!®° Alternative causes of mitral regurgitation should be excluded, 
including myxomatous degeneration of the mitral valve, infective endocarditis, 
rheumatic heart disease, idiopathic SLE, amyloidosis, congenital heart disease, 
papillary muscle rupture, Marfan syndrome, and hypertrophic cardiomyopathy. !**- 
185,187 Other causes of aortic regurgitation should be excluded, including congenital 
abnormality of the aortic valve, calcific degeneration, rheumatic disease, 
myxomatous proliferation, infective endocarditis, aortic dissection, Marfan 
syndrome, and traumatic injury. !®*-!8°.!87 


Table 29-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Valvular and Pericardial Heart Disease 





All valvular heart disease 


* Carcinoid syndrome 


Mitral regurgitation 
¢ Amyloidosis 

* Congenital heart disease 

* Hypertrophic cardiomyopathy 
* Infective endocarditis 

¢ Marfan syndrome 

* Myxomatous degeneration 

* Papillary muscle rupture 

* Rheumatic heart disease 

¢ Systemic lupus erythematosus 


Aortic regurgitation 


* Aortic dissection 

* Calcific degeneration 

* Congenital heart disease 
* Infective endocarditis 

¢ Marfan syndrome 

¢ Myxomatous proliferation 
* Rheumatic heart disease 
¢ Traumatic injury 


Tricuspid regurgitation 


* Cardiac tumor 

* Collagen vascular disease 

* Congenital heart disease 

¢ Fabry disease 

* Gout 

¢ Heart failure with preserved ejection fraction 
* Heart failure with reduced ejection fraction 

¢ Intrinsic pulmonary disease 

* Left ventricular dysfunction 
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* Mitral stenosis 

* Mucopolysaccharidosis 
* Pulmonary hypertension 
* Rheumatic heart disease 
* Rheumatoid arthritis 

¢ Whipple disease 


Pericardial tamponade 


¢ Acute or constrictive pericarditis 
* Bacterial infection 

* Fungal infection 

* Malignancy 

Myocardial infarction 

* Neoplasm 

¢ Trauma 

* Tuberculosis 

¢ Uremia 

* Viral infection 

* Collagen vascular disease 


Other diseases causing tricuspid regurgitation that should be considered include 
left ventricular dysfunction, heart failure (either with reduced ejection fraction or 
with preserved ejection fraction), cardiac tumors, pulmonary hypertension, mitral 
stenosis, congenital heart diseases such as Ebstein’s anomaly, rheumatic heart 
disease, collagen vascular diseases, and pulmonary diseases such as chronic 
obstructive pulmonary disease.!*3-!85-!8” Patients with mitral stenosis should be 
evaluated for rheumatic heart disease and other degenerative valvular diseases in 
addition to carcinoid syndrome, including Fabry disease, mucopolysaccharidosis, 
Whipple disease, gout, and rheumatoid arthritis. !°*!®’ The diagnoses of malignancy, 
trauma, and uremia should be considered in patients presenting with cardiac 
tamponade. !83-!87.188 Viral, bacterial, and fungal infections, as well as tuberculosis, 
uremia, myocardial infarction, neoplasm, trauma, and collagen vascular disease 


should be considered in patients presenting with acute or constrictive 


pericarditis. !83-!87 


RISK FACTORS 


Risk factors for certain types of drug-induced valvular and pericardial heart 
disease have been identified (Table 29-5). Risk factors for the development of 
mitral or aortic regurgitation associated with fenfluramine and dexfenfluramine 
include duration of therapy, dose, older age, and female sex.°!*? Exposure to 
fenfluramine or dexfenfluramine for <3 months is associated with a lower 
incidence of valvulopathy than that associated with treatment durations >6 
months. !37!:!714199 Doses of either fenfluramine or dexfenfluramine >60 mg/day 
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have also been associated with the development of valvular regurgitation.*! 
Continuous use of methysergide or ergotamine for >9 months, rather than episodic 
use, has been associated with the development of valvulopathy.”*>® Larger doses of 
ergotamine (>6 mg/day) and methysergide (>8 mg/day) have been associated with 
the development of valvular heart disease.2*°’°§ In a transthoracic 
echocardiographic study of 78 patients with Parkinson disease, the incidence of 
valvulopathy was higher in those who received cumulative doses of pergolide of 
4,400 g compared with patients who received cumulative doses of 2,200 g.”° 
Another case-control analysis suggested that even lower cumulative doses of either 
pergolide or cabergoline were associated with left-sided valvulopathy.’’ In that 
study, age, male sex, history of hypertension, and duration of use of either pergolide 
or cabergoline were risk factors.’’ Several other case-control studies ’?8°8487?!-% 
have found a positive relationship between either cumulative dose or duration of 
therapy with pergolide or cabergoline and risk of valvulopathy, although conflicting 
data exist.5>°°4 When cabergoline is used for treating prolactinomas, doses are 
approximately one-tenth those used to treat Parkinson disease, and valvulopathy has 
not been observed.!°”"!® Male sex, older age, and hypertension were found to be 
risk factors for the development of drug-induced valvulopathy in patients with 
Parkinson disease. !”! 


Table 29-5 Risk Factors for Drug-Induced Valvular and 


Pericardial Heart Disease 





Valvular heart disease associated with fenfluramine and 
dexfenfluramine 


* Doses >60 mg 

¢ Duration of use >3 months 
¢ Female sex 

* Older age 


Valvular heart disease associated with ergotamine and methysergide 


* Continuous use rather than episodic use 
* Ergotamine dose >6 mg/day 

* Methysergide dose >8 mg/day 

* Duration of use >9 months 


Valvular heart disease associated with pergolide and cabergoline 


* Cabergoline dose >2 mg/day 

* Cumulative dose >1,000 mg (applies to both pergolide and cabergoline) 
¢ Hypertension 

* Longer duration of use 

* Male sex 


1257 


Pericarditis associated with chemotherapy 


* High doses 
o Cyclophosphamide cumulative dose >174 mg/kg 


o Cytarabine dose >3 g/m? 


Pericardial effusion associated with minoxidil 
* Chronic kidney disease 


Hemopericardium associated with fibrinolytic therapy and vitamin k 
antagonists 


* Excessive anticoagulation (dose) 
¢ Presence of pericarditis or pericardial effusion 
¢ Recent cardiothoracic surgery 


Single doses or initial courses of cancer chemotherapy with any of the agents 
listed in Table 29-1 may cause pericarditis occurring early (within hours to 1 
month) after initial treatment. Higher doses of cancer chemotherapy agents are 
associated with a greater risk of cardiotoxicity.!!?+7>78?!-° Mean total 
cyclophosphamide doses of 174 mg/kg were associated with a higher rate of 
pericarditis compared with that associated with a cumulative dose of 87 mg/kg.7® 
High doses of cytarabine (>3 g/m’) have been associated with pericarditis and 
heart failure symptoms occurring as early as after the first dose.** Minoxidil- 
associated pericardial effusion has been reported more frequently in patients with 
chronic kidney disease than in those with normal kidney function.*! 

Risk factors for the development of hemopericardium after fibrinolytic therapy 
include concomitant underlying pericarditis and pericardial effusion. Pericarditis, 
excessive anticoagulation, and recent cardiac surgery are risk factors for the 
development of hemopericardium associated with oral vitamin K antagonist 
therapy. ’~74 


MORBIDITY AND MORTALITY 


After cessation of therapy with fenfluramine and dexfenfluramine, approximately 
50% of valve lesions stabilize, approximately 30% improve, and <10% worsen 
over a subsequent 6-month to 1-year period.+®!*!8:!07.!% Th the largest reported 
case series to date, Dahl et al. reported the outcomes of 5,743 previous 
fenfluramine users. In their single-center study, aortic regurgitation stabilized in 
63%, worsened in 15%, and improved in 22% while mitral regurgitation stabilized 
in 47%, worsened in 25%, and improved in 28% of patients monitored during a 
mean follow-up of 30 months.'°? Outcomes after discontinuation of therapy with 
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ergot derivatives in patients with Parkinson disease are not well studied, and no 
conclusions can be made.’°.!° 


Most cases of drug-induced pericarditis are self-limited and resolve within 2-4 
weeks after discontinuation of therapy with the offending agent. Although extremely 
rare, death may occur secondary to cardiogenic shock in patients with drug-induced 
cardiac tamponade as well as after valve-replacement surgery in patients with 
drug-induced valvular disease.*?4*4 


PREVENTION 


There are no specific recommendations to prevent drug-induced valvular or 
pericardial heart disease. Some general suggestions for the prevention of valvular 
or pericardial heart disease are listed in Table 29-6. Fenfluramine and 
dexfenfluramine have been removed from the U.S. and European markets, and ergot 
therapy for migraine has been supplanted by selective 5-HT, receptor agonist 
therapy. When possible, selective 5-HT, receptor agonists should be selected for 
treatment. Pergolide has been removed from the U.S. market. Nonergot dopamine 
agonists, either ropinirole or pramipexole, should be selected to treat Parkinson 
disease, as those agents do not bind substantially to the 5-HT,, receptor.'®? Patients 
receiving cabergoline for prolactinoma should undergo a baseline echocardiogram, 
with repeat echocardiograms every 6-12 months or when symptoms occur.!” 
Patients with kidney disease taking minoxidil should be monitored more closely for 
clinical signs of pericarditis. The diagnosis of pericarditis should be excluded 
clinically before the administration of fibrinolytic agents, and anticoagulant doses 
should be monitored carefully, especially in patients undergoing cardiothoracic 
surgery, to prevent hemopericardium. 


Table 29-6 Approaches to Help Prevent Drug-Induced Valvular 


and Pericardial Heart Disease 


* Cabergoline (valvulopathy)—limit dose to <2 mg/day (maximum | mg twice weekly recommended for 

treatment of prolactinoma) 

Ergotamine (valvulopathy)—administer episodically and limit treatment duration to <9 months 

Fibrinolytic therapy (hemopericardium)—exclude the diagnosis of pericarditis before administering to 

patients with acute myocardial infarction 

* Minoxidil (pericarditis/pericardial effusion)—monitor closely for signs and symptoms of pericarditis in 
patients with kidney disease 





MANAGEMENT 
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Management of drug-induced valvular or pericardial heart diseases should be 
individualized based on the specific type and severity of cardiac disease. 
Treatment options for the management of drug-induced valvular and pericardial 
diseases are presented in Table 29-7. 


Whether all patients who are exposed to a drug with the potential to induce 
valvular heart disease require an initial screening echocardiogram is not known. It 
is prudent for clinicians to maintain a high index of suspicion and to screen patients 
carefully for potential cardiac symptoms, cardiac murmurs on auscultation, or ECG 
abnormalities. If drug-associated valvulopathy is suspected, therapy with the 
suspected culprit agent should be discontinued. Serial echocardiography should be 
performed every 6—12 months to monitor for progression of valvular disease if 
significant disease is identified at the time of the baseline exam.” The most recent 
valvular heart disease guidelines from the American College of 
Cardiology/American Heart Association are not specific regarding diagnosis or 
monitoring of suspected drug-associated valvular heart disease.!®’ It seems prudent 
to perform echocardiography in all patients who have received therapy with 
fenfluramine, dexfenfluramine, pergolide, or cabergoline. Routine follow-up 
echocardiography is not recommended for patients classified as having trivial 
disease or in those without valvular abnormalities on the initial echocardiogram. !*’ 
Either transthoracic or transesophageal echocardiography may be used for initial 
diagnosis and serial evaluations for patients with suspected drug-induced 
valvulopathy.'*? Symptomatic severe valvular regurgitation may necessitate valve 
replacement or repair based on standard criteria.!*’ Heart failure symptoms should 
be treated with diuretics and vasodilators. Patients with valvular heart disease due 
to drug therapy should receive antimicrobial prophylaxis against endocarditis 
before undergoing invasive procedures with the potential to result in bacteremia.!*’ 


Table 29-7 Treatment Options for Management of Drug- 


Induced Valvular and Pericardial Heart Disease 





Management of valvular heart disease 


¢ Administer antimicrobial prophylaxis against endocarditis before invasive procedures 
¢ Discontinue therapy with the offending agent 

* Obtain baseline and serial echocardiograms 

¢ Treat heart failure symptoms with diuretics and vasodilators 

* Valve replacement or repair for severe symptomatic disease 


Management of pericarditis 


* Bed rest 

* Corticosteroids for patients with drug-induced SLE-like syndrome 

¢ Discontinue the offending agent 

¢ Management of large pericardial effusion or hemopericardium and cardiac tamponade 
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¢ NSAID and/or colchicine with supplemental narcotic analgesia if needed 
* Pericardiocentesis 

* Surgical pericardectomy for severe constrictive pericarditis 

¢ Surgical pericardiotomy 


Management of large pericardial effusion or hemopericardium and 


cardiac tamponade 


¢ Discontinue therapy with the offending agent 
* Pericardiocentesis 
¢ Surgical pericardiotomy 


NSAID = nonsteroidal anti-inflammatory drug, SLE = systemic lupus erythematosus. 


Patients with pericarditis should be placed on bed rest, receive nonsteroidal 
anti-inflammatory drugs (e.g., aspirin, ibuprofen, or colchicine), and, in severe 
cases of SLE-associated pericardial disease, should receive therapy with systemic 
corticosteroids.” Colchicine is used for recurrent or persistent pericarditis and has 
also been used for acute pericarditis associated with cancer chemotherapy. !**:!% 
Surgical pericardectomy may be required for constrictive pericarditis.!”? Patients 
with cardiac tamponade and some patients with large pericardial effusion or 
hemopericardium require pericardiocentesis or surgical pericardiotomy.* 


INFORMATION FOR PATIENTS 


Patients taking drugs known to cause valvular or pericardial heart disease should 
be instructed to report symptoms of heart failure to their healthcare provider. 
Patients taking drugs associated with pericarditis should be directed to immediately 
report symptoms of dyspnea, chest pain, or peripheral edema. Those taking agents 
associated with drug-induced SLE-like syndrome should be advised of the 
symptoms of this condition. All patients exposed to drugs associated with valvular 
or pericardial disease should be screened carefully, and appropriate diagnostic 
testing should be initiated if any abnormalities are detected by history, physical 
exam, or ECG. 
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CHAPTER 30 


Glucose and Insulin Dysregulation 


Devra K. Dang, Frank Pucino, Jr, Charles D. Ponte, and 
Karim Anton Calis 


Glucose homeostasis is regulated by the complex interplay of insulin, hepatic 
glucose production, peripheral glucose utilization, and counterregulatory 
mechanisms. Insulin is secreted by pancreatic B cells in response to an increase in 
plasma glucose concentration and promotes glucose uptake by the liver, muscle, 
and adipose tissue. Insulin stimulates glycogen synthesis, lipogenesis, and protein 
synthesis and inhibits lipolysis and hepatic gluconeogenesis. In healthy individuals, 
a normal plasma glucose concentration is needed to maintain physiological function 
and meet the energy needs of the brain and various tissues. Insulin secretion is 
reduced as plasma glucose concentrations decline. When plasma _ glucose 
concentrations decrease below the physiological range, counterregulatory 
hormones are secreted, including glucagon, adrenaline (epinephrine), growth 
hormone, and cortisol. These hormones restore plasma glucose concentrations to 
the physiological range through various effects, including stimulation of 
gluconeogenesis and glycogenolysis, inhibition of insulin secretion and peripheral 
glucose utilization, and stimulation of lipolysis. Hyperglycemia and hypoglycemia 
both result from an imbalance between plasma glucose and insulin concentration. 
Drugs may induce hyper- or hypoglycemia through a variety of mechanisms, 
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including alterations of insulin’ secretion and_ sensitivity, changes in 
gluconeogenesis, and direct cytotoxic effects on pancreatic B cells. Drug-induced 
hyper- or hypoglycemia can lead to significant consequences, including diabetes 
mellitus, severe hypoglycemia, coma, and death. However, these events can be 
prevented and/or minimized with awareness of the problem, close monitoring, and 
judicious use of the suspect drug(s). 


CAUSATIVE AGENTS 


Table 30-1 and Table 30-2 list the medications that have been associated with 
hyperglycemia and hypoglycemia, respectively. Although sporadic reports of 
glucose and insulin dysregulation associated with many drugs appear in the 
literature, only those drugs reported to cause these diseases in one or more clinical 
trials or observational studies or in multiple case reports will be discussed in this 
chapter. Glucocorticoids, protease inhibitors, atypical antipsychotics, miacin, 
pentamidine, and diazoxide are among the agents that have been consistently 
associated with hyperglycemia and diabetes mellitus. Agents commonly implicated 
in drug-induced hypoglycemia include insulin, sulfonylureas, and ethanol alone or 
taken concomitantly. These agents accounted for more than 70% of 1418 cases of 
severe hypoglycemia in a report spanning the years 1940-1989.! In children 2 
years of age or younger, salicylate poisoning was reported to cause the majority of 
cases of drug-induced hypoglycemia. ! 


Table 30-1 Agents Implicated in Drug-Induced Hyperglycemia 


Drug or Drug Level of 
Class Incidence* Evidence? 
Antidepressants34,35,c B 

Atypical antipsychotics4, 15,36- B 

42 Highest incidence with olanzapine and clozapine 


B-adrenergic receptor NK 
blockers43-46 Incidence higher with nonselective B blockers 


Vasodilating 8 blockers (carvedilol, nebivolol, and labetalol) 
do not affect glycemic control 





Calcium channel blockers47-50 | Rare (most reports with high doses of diltiazem and C 
verapamil; a few case reports with nifedipine) 


Chlorpromazine5 1,52 NK C 


Cyclosporine53-56 New-onset PTDM: 4—11% in kidney transplant patients B 


| 
nw 


Diazoxide57-60 B 
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Thiazide and thiazide-like 
duretics10,22,61-66 


Fish o1167-71,d 


HMG CoA reductase 
inhibitors28,30,72,73,e 


Glucocorticoids9,10,74-81 


Gonadotropin-releasing 
hormone agonists82-84 


Recombinant human growth 
hormone54,85,86 


Interferons87-89 
l-asparaginase54,90-95 
Mammalian target of 


rapamycin (mTOR) 
inhibitors96-99 


Megestrol acetate54, 100-106 


Niacin (nicotinic acid)54,107- 
109 


Nucleoside reverse 
transcriptase inhibitors54,110- 


119 
Oral contraceptives 120-124 


Pentamidine 125-132 
Phenytoin 133-136 


Protease inhibitors 32,137-144 


Rifampin145 
Ritodrine 146-148 


Somatostatin analogs 149-152 


Tacrolimus56, 153-157 


NK A 
Incidence is lower with doses <25 mg of HCTZ equivalent 


a 
ae 


<1—46% for new-onset diabetes 


Incidence varies depending on dose, duration, and route of 


administration 
Lower incidence with inhaled formulations 


<5%—10.9% B 





a 
<E 
x 


13-55% with everolimus, 18-22% with sirolimus, 26% with| A 
temsirolimus 





Data for sirolimus are with concomitant administration with 


cyclosporine, mycophenolate tacrolimus, or azathioprine 


xB 
eT 
NK 


B 


More commonly associated with stavudine, zidovudine, and 
didanosine 





NK 


More common with formulations containing high-dose 


estrogen (>35 mcg ethinyl estradiol or equivalent) or 
second-generation progestin 


x 
me 


5% for new-onset diabetes mellitus; up to 40% for impaired|B 
glucose tolerance 


14% with lanreotide; 40% pasireotide; 16-27% with 
octreotide 


B 


C 


For octreotide: 16% in acromegaly patients, 27% in 
carcinoid patients with the depot version 





Variable A 
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New-onset insulin-dependent PTDM: 20% (kidney 
transplant patients), 11—18% (liver transplant patients) 


Hyperglycemia: 22% (kidney transplant patients), 33-47% 
(liver transplant patients) 

Patients received concomitant corticosteroid therapy 

Lower incidence | year post-transplant 

Higher incidence with tacrolimus than with cyclosporine 


Terbutaline 158-160 
Thalidomide 161,162 


Tyrosine kinase 36% with alectinib, 28% with axitinib, 37% with 

inhibitors99, 163-174 cabozantinib, 49% with ceritinib, 13-57% with 
dabrafenib, 9.8% with imatinib, NK for lenvatinib, 50% 
with nilotinib, 41% with pazopanib, 58% with ponatinib, 
23-71% with sunitinib, 27-65% with trametinib 
(combination therapy with dabrafenib) 


Has not been reported for all agents within the drug class 





HCTZ = hydrochlorothiazide, HMG CoA = 3-hydroxy-3-methylglutaryl-coenzyme A, NK = not known, PTDM 
= post-transplant diabetes mellitus. 
alncidence may be related to drug dose. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cControversial: data mostly from observational studies, with some showing no association with 


hyperglycemia/diabetes. Many studies did not differentiate between antidepressant drug classes and those that 
did found differing results. Association with diabetes confounded by concomitant depression. 
dUsually only occurs in patients with impaired glucose tolerance or diabetes mellitus. Risk is usually associated 


with doses >3 g/day. A 2008 Cochrane meta-analysis concluded that there were no significant changes in 
fasting glucose or hemoglobin A1C in randomized, placebo-controlled trials conducted in patients with type 2 
diabetes.69 


eRisk appears to be higher with higher potency statins and doses (highest risk with rosuvastatin). A 2013 meta- 


analysis calculated that the increased risk for new-onset diabetes, compared with placebo, is 25% with 
rosuvastatin 20 mg/day, 15% with atorvastatin 80 mg/day, and 7% with pravastatin 40 mg/day. 73 


EPIDEMIOLOGY 


The true incidence of glucose and insulin dysregulation associated with most drugs 
is unknown. This is due, in large part, to a lack of data from controlled clinical 
trials, underreporting of postmarketing events, and failure to establish causality. For 
some medications, the incidence of drug-induced hyperglycemia or hypoglycemia 
may also vary depending on the dose, frequency, and/or duration of drug 
administration as well as the patient’s underlying disease states. For example, in 
the Diabetes Control and Complications Trial, the incidence of severe 
hypoglycemia requiring assistance associated with insulin administration was 
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threefold higher in the intensively-treated group (insulin pump or >3 daily insulin 
injections) compared to the conventionally-treated group (1-2 daily insulin 
injections). Within a specific drug class, the incidence of drug-induced hyper- or 
hypoglycemia also may vary. Hyperglycemia and diabetes mellitus occur more 
commonly in association with olanzapine and clozapine than with the other atypical 
antipsychotic drugs.*” However, an increased background risk for diabetes mellitus 
associated with schizophrenia, in addition to the rising incidence of diabetes in the 
general population, complicate determination of precise risk estimates. The 
incidence of treatment-related hyperglycemia also may be higher if the patient has 
predisposing risk factors for diabetes mellitus, such as obesity or a family history. 
Hypoglycemia is more common in association with long-acting (e.g., 
chlorpropamide and_ glyburide) than shorter-acting sulfonylureas (e.g., 
tolbutamide).°’ The reported incidence of drug-induced hypoglycemia may also 
vary depending on the specific definition of hypoglycemia used. Additionally, 
factors such as the presence of active drug metabolites and the presence of other 
risk factors for hypoglycemia also account for the difference in reported incidences 
of hypoglycemia among various drugs. Finally, the route of administration and 
systemic availability of a drug may also influence the incidence of drug-induced 
hyper- or hypoglycemia. For example, inhalation of corticosteroids or pentamidine 
infrequently causes alterations in glucose homeostasis compared to administration 
via the oral or parenteral routes.*” 


Table 30-2 Agents Implicated in Drug-Induced Hypoglycemia 


Level of 
Drug or Drug Class ___| Incidence* Evidence? 
Angiotensin-converting enzyme NK A 
inhibitors24,175-177 


B-adrenergic receptor NK, but likely rare 
blockers 1,24,44,178-183 Effects more commonly associated with nonselective 


B blockers 





Bitter melon (Momordica charantia) | NK B 
(also commonly known as karela)184- 


190 


Dipeptidyl peptidase 4 nhibitors191 ‘| Rare as monotherapy, increased risk when combined | A 
with insulin or insulin secretagogue 


Disopyramide 192-196 K B 
Ethanol] 24,178,197 K C 
Fenugreek (Zrigonella foenum NK Bd 
graecum !89,198-200 
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Fluoroquinolones201-207 
Ginseng189,208-211 


Glucagon-like peptide | receptor 
agonists2 12 


Insulin2,25,213 


Ivy gourd (Coccinia indica) 189,214 
L-carnitine 189,215-217 


Nonsulfonylurea secretagogues218- 
220 
Pentamidine8, 128,129,131,221-223 


Pramlintide224-226,d 


Quinine 178,227-232 
Quinidine 178,227,233 


Salicylates 1,18,178,234 


Sodium-glucose cotransporter 2 
inhibitors235-237 
Somatostatin analogs 149-152 


Sulfamethoxazole238-242 


Sulfonylureas 1,6,213,243,e 


Tyrosine kinase 


Bc 


i 
A 


Up to 15.9% with monotherapy A 
Up to 42% in combination with a sulfonylurea 


Variable: 2.76—62 episodes per 100 patient-years for |A 
severe hypoglycemia requiring assistance 





Higher incidence in patients with type | versus type 


2 diabetes. 


a 
NK; lower incidence compared to sulfonylureas A 


6—40% with intravenous or intramuscular 
formulations, 1% or less with nebulized 
formulation 


0.6-16.8% 


Does not cause hypoglycemia when used alone but 
increases risk of insulin-induced hypoglycemia 


(can be severe) when combined with insulin 
Higher incidence in patients with type | (5.2-16.8%) 
versus type 2 (0.4—-8.2%) diabetes 
Incidence is lowered (0.9—5.7%) when the dose of 
preprandial insulin is decreased by 50% when 
initiating pramlintide 





More common in children compared to adults 


Most common cause of severe hypoglycemia in 
children <2 years 


Low as monotherapy, increased risk when combined | A 
with insulin or insulin secretagogue 


9% in a study with pasireotide A 
2-4% with octreotide 


NK C 
Rare reaction with kidney disease and/or high doses 


Variable 
1.8% per year for recorded hypoglycemia, 1.23 per 





100 person-years or 3.3% for severe 
hypoglycemia requiring medical attention 





Lenvatinib >5%, 2—10% with sunitinib, 17% with A (lenvatinib, 
pazopanib, 24% with ponatinib, 24% with nilotinib, 
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inhibitors99,165,166,172,173,244,245 vandetanib pazopanib, 


Reported but incidence not known with dasatinib, sunitinib, 
imatinib, nilotinib, and sorafenib vandetanib) 
Has not been reported for all agents within the drug | C (dasatinib, 
class imatinib, and 
sorafemb) 





NK = not known. 
aIncidence may be related to drug dose. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


>) 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cEven though there are one or more randomized, controlled clinical trials demonstrating the glucose-lowering 


effect of this herbal agent, a B rating for level of evidence is given because the overall effect is inconclusive. 
dSevere hypoglycemia, if occurs, onset is usually within 2—3 hours after administration of pramlintide. 


eHigher incidence reported with chlorpropamide and glyburide. 


MECHANISMS 


Drugs can induce hyper- or hypoglycemia through multiple mechanisms, including 
alteration of insulin secretion or clearance, changes in insulin sensitivity (either 
directly at the receptor level or by indirect effects on weight or adiposity), changes 
in gluconeogenesis or glucose metabolism, and direct cytotoxic effects on 
pancreatic B cells. Mechanisms by which specific drugs are believed to alter 
glucose or insulin regulation are listed in Table 30-3 and Table 30-4. With some 
medications, it is not clear if hyperglycemia is a direct effect of the drug itself or if 
the drug is simply a contributing factor, as occurs in cases when a drug unmasks a 
patient’s pre-existing diabetes. ! 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The signs and symptoms of drug-induced hyperglycemia and diabetes mellitus are 
listed in Table 30-5. The diagnosis of diabetes mellitus can be made if a patient’s 
glycosylated hemoglobin (A1C) is =6.5%, the fasting plasma glucose concentration 
is >126 mg/dL, or the patient is found to have a plasma glucose concentration of 
>200 mg/dL 2 hours after a 75-g oral glucose load. A positive result on any of these 
tests should be confirmed on a separate occasion unless there is unequivocal 
hyperglycemia. A diagnosis can also be made if the patient has classic symptoms of 
diabetes and a random plasma glucose concentration of >200 mg/dL.!! Depending 
on the causative agent, drug-induced hyperglycemia can appear within hours or 
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weeks to months after initiation of therapy. Hyperglycemia may be severe in some 
cases, manifesting as diabetic ketoacidosis and hyperglycemic coma. 


Table 30-3 Mechanisms of Drug-Induced 


4,9,10,15,22,28,30,34-174 





Hyperglycemia 


Drug or Drug 
Class 


Proposed Mechanism(s) 





Antidepressants 


Atypical antipsychotics 


B-adrenergic receptor blockers 


Calcium channel blockers48 


Cyclosporine 


Diazoxide 

Fish oil 

HMG CoA reductase inhibitors 
Glucocorticoids 79 
Gonadotropin-releasing hormone 
agonists 

Growth hormone 

Interferons 

l-asparaginase 


Mammalian target of rapamycin 
(mTOR) inhibitors 


Megestrol acetate 
Niacin (nicotinic acid) 


Nucleoside reverse transcriptase 
inhibitors 


Oral contraceptives 


Pentamidine 


Phenytoin 
Protease inhibitors 


Recombinant human growth 


Weight gain, ¢ cortisol, inhibits insulin signaling, inhibits insulin secretion, ft 
gluconeogenesis and glycogenolysis 

| peripheral insulin sensitivity, | insulin secretion (inhibition of B-cell 
responsiveness via antagonism of the 5-HT], receptor), promote weight 
gain; may also cause hyperglycemia through drug-induced pancreatitis 

| insulin secretion, | insulin sensitivity; effects attenuated but not abolished 
with cardioselective B blockers 


insulin secretion 


v 


{ msulin production, mhibits insulin secretion, | B-cell volume and function, f 
insulin resistance 





| insulin secretion, may also ¢ glucose production and | insulin sensitivity 
Unknown 


A 


insulin resistance, | insulin secretion 


Aa 


gluconeogenesis, ¢ insulin resistance, | insulin secretion 





testosterone concentrations leading to ¢ fat mass and f insulin resistance 


Vv 


Causes insulin resistance 
Formation of islet cell antibodies 


| insulin synthesis 


a 


insulin resistance, ¢ gluconeogenesis, chronic administration leads to 
pancreatic B-cell apoptosis 


insulin sensitivity and promotes weight gain; binds to glucocorticoid receptor 


| insulin sensitivity, t hepatic gluconeogenesis 


A 





insulin resistance, promote lipodystrophy; can also cause pancreatitis (more 
common with didanosine and stavudine) leading to B-cell injury; didanosine 
postulated to inhibit insulin release secondary to hypokalemia 


Estrogen-induced | peripheral insulin sensitivity 


Direct cytolytic effects on pancreatic B cells; causes hypoglycemia initially; 
effect may be irreversible; can also cause pancreatitis 


| insulin secretion, may also | insulin sensitivity 


t insulin resistance directly or indirectly, promote lipodystrophy, | insulin 
secretion 


Causes insulin resistance 
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hormone 
Rifampin 
Ritodrine 
Somatostatin analogs 


Tacrolimus 


Terbutaline 
Thalidomide 


Thiazide and thiazide-like 
diuretics 


Tyrosine kinase inhibitors 


Unknown, may ¢ intestinal absorption of glucose 
t hepatic gluconeogenesis 
Inhibits secretion of insulin; pasireotide also | GLP-1 and GIP 


| insulin secretion, | insulin sensitivity; may cause pancreatic islet cell 
toxicity; hyperglycemia and diabetes mellitus reported without use of 
concomitant corticosteroids 


A 


gluconeogenesis and glycogenolysis, | peripheral insulin sensitivity 
| imsulin-stimulated glucose uptake and glycogen synthesis 


| insulin release secondary to hypokalemia (hyperglycemia may be 
preventable through correction/prevention of hypokalemia); other 
mechanisms, including a direct inhibition of insulin release, | insulin sensitivity, 
t hepatic gluconeogenesis, a direct toxic effect on pancreatic B cells from 
increased free fatty acids, and increased sympathetic nervous system activity 
(contributing to hypokalemia) have also been proposed 





t insulin resistance, inhibits glycogen synthesis, activates glycogenolysis 


t =increases, | = decreases, GLP-1 = glucagon-like peptide-1, GIP = glucose-dependent msulinotropic 
polypeptide, HMG CoA = 3-hydroxy-3-methylglutaryl-coenzyme A, HT = hydroxytryptamine. 


Table 30-4 Mechanisms of Drug-Induced 


1,2,8,18,24,25,44,99,129,131,175-245 





Hypoglycemia 


Drug or Drug 
Class 


Angiotensin-converting enzyme 
inhibitors 177 


B-adrenergic receptor blockers 


Bitter melon (Vomordica 
charantia) (also commonly 
known as karela) 


Dipeptidyl peptidase-4 inhibitors 


Disopyramide 194,196 


Ethanol 


Fenugreek (7rigonella foenum 
graecum) 


Fluoroquinolones204,207 


Proposed Mechanism(s) 


t peripheral insulin sensitivity 


May f¢ peripheral glucose uptake and indirectly | gluconeogenesis; can delay 
recovery from hypoglycemia; also mask many autonomic hypoglycemic 
symptoms 

Proposed: components of extracts structurally similar to animal insulin, ¢ 
insulin secretion, t tissue glucose uptake, ¢ hepatic glycogen synthesis, f 
peripheral glucose oxidation in erythrocytes and adipocytes, | hepatic 
gluconeogenesis 

Inhibit degradation of the incretin hormones GIP and GLP-1, which t 
glucose-dependent insulin synthesis and release; GLP-1 also | glucagon 
secretion from alpha cells in the pancreas 


T insulin secretion 
Inhibits hepatic gluconeogenesis, impairs activation of the HPA axis’ hormonal 


response to hypoglycemia, and can potentiate hypoglycemic effects of other 
drugs; more problematic when glycogen stores are low 


Proposed: slows carbohydrate absorption, inhibits glucose transport 


Unknown, may be due to stimulation of pancreatic insulin secretion and/or 
interaction with antidiabetic agents; most reports with gatifloxacin; resistant 
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hypoglycemia (resolves with discontinuation only) may occur 


Ginseng Proposed: | rate of carbohydrate absorption into portal hepatic circulation, ¢ 
glucose transport and uptake mediated by nitric oxide, + glycogen storage, 
modulation of insulin secretion; most clinical trials done using American 
ginseng (Panax quiquefoliu) 


Glucagon-like peptide | receptor | Stimulates glucose-dependent insulin release, suppresses glucagon secretion 
agonists 


Insulin Tt glucose utilization 
Ivy gourd (Coccinia indica) Insulin-mimetic 
L-carnitine2 15-217 t glucose uptake and storage 


A 


Nonsulfonylurea secretagogues |? pancreatic insulin secretion 





Pentamidine 131 t insulin release through direct cytotoxic effects to pancreatic B cells 

Pramlintide Suppresses postprandial glucagon secretion, slows gastric emptying 

Quinine t pancreatic insulin secretion, usually with high doses or rapid IV infusion; 
Plasmodium falciparum infection itself is associated with hypoglycemia 

Quinidine t pancreatic insulin secretion; see quinine 

Salicylates 18 t pancreatic insulin secretion, ¢ peripheral glucose utilization, | 


gluconeogenesis; usually occurs only with anti-inflammatory doses 


Sodium-glucose cotransporter 2 |Inhibits renal reabsorption of filtered glucose leading to increased urinary 
inhibitors glucose excretion 


Somatostatin analogs Inhibits secretion of glucagon 
Sulfamethoxazole t pancreatic insulin secretion 
Sulfonylureas t pancreatic insulin secretion 
Tyrosine kinase inhibitors Unknown 


t = increases, | = decreases, GIP = glucose-dependent insulinotropic polypeptide (GIP), GLP-1 = glucagon-like 
peptide-1, HPA = hypothalamic-pituitary-adrenal, [V = intravenous, NK = not known. 


Although there is considerable interindividual variation, the typical signs and 
symptoms associated with hypoglycemia are presented in Table 30-6. The glycemic 
threshold at which patients experience hypoglycemic symptoms varies. Symptoms 
commonly manifest when the plasma glucose concentration falls below 60 mg/dL. 
However, factors such as prolonged hyperglycemia, caffeine use, or frequent 
episodes of hypoglycemia may shift this threshold in either direction. Patients who 
experience repeated episodes of hypoglycemia over a short period of time may 
become unaware of these events. These patients do not experience typical 
hypoglycemic symptoms and may fail to take corrective action as a result of central 
nervous system impairment.!* Severe hypoglycemia can lead to cognitive 
dysfunction, mental status changes, seizures, coma, or even death. 


Table 30-5 Signs and Symptoms Associated with Drug-Induced 


Hyperglycemia 
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Mild-to-moderate hyperglycemia 


¢ Blurred vision 

* Fatigue/weakness 
* Polydipsia 

* Polyphagia 

° Polyuria 


* Unexplained weight loss 


Severe hyperglycemia 


* Abdominal pain 

* Coma 

* Dehydration 

* Hypokalemia 

* Hypotension 

* Kussmaul respiration and breath with fruity odor 
* Lethargy 

* Metabolic acidosis 

* Muscle cramping 

* Nausea and vomiting 
* Obtundation 


Table 30-6 Signs and Symptoms Associated with Drug-Induced 


Hypoglycemia 





Mild-to-moderate hypoglycemia 


¢ Dizziness 

* Headache 

* Hunger 

¢ Shakiness/tremors 

¢ Sweating/diaphoresis 
* Tachycardia 

¢ Weakness/fatigue 


Severe hypoglycemia 


* Behavioral changes such as anxiety and irritability 
¢ Blurred vision 

* Coma 

* Confusion and difficulty concentrating 

* Loss of consciousness 

¢ Seizure 


Before implicating a drug as the cause of glucose or insulin dysregulation, other 
possible etiologies must be ruled out (Table 30-7). Hyperglycemia may occur 
during periods of physiologic stress such as surgery, infection, or trauma. 
Elevations in serum glucose concentrations associated with Cushing syndrome may 
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result either from exogenous administration or endogenous overproduction of 
glucocorticoids. When assessing possible causes of hypoglycemia, intentional self- 
administration of hypoglycemic drugs, usually insulin or a sulfonylurea (i.e., 
factitious hypoglycemia), and iatrogenic causes (including medication dispensing 
errors) should be considered.!? Hypoglycemia also occurs in patients with acute 
illness. Uncommon causes of hypoglycemia include insulin-producing tumors (e.g., 
an insulinoma) and several other rare disorders (Table 30-7). To adequately assess 
drug-induced causality, it is important to consider such variables as temporal 
sequence, biologic plausibility, and whether hyper- or hypoglycemia is a known 
class or drug effect in the absence of other potential confounders (e.g., concomitant 
diseases or medications). 


Table 30-7 Conditions to Consider in the Differential Diagnoses 


of Drug-Induced Glucose and Insulin Dysregulation 





Differential diagnoses for drug-induced hyperglycemia 


* Acromegaly 

* Cushing syndrome 

* Diabetes mellitus 

* Kidney disease 

¢ Liver cirrhosis 

* Metabolic acidosis 

* Metabolic syndrome 

* Pancreatitis 

¢ Parenteral nutrition therapy (dextrose administration) 
¢ Stress hyperglycemia 


Differential diagnoses for drug-induced hypoglycemia>>»24© 


* Acute kidney injury or chronic kidney disease 

¢ Adrenal insufficiency (e.g., Addison disease, adrenal crisis) 
¢ Alcoholism 

* Beckwith-Wiedemann syndrome 

* Carnitine deficiency 

* Congenital hyperinsulinemic hypoglycemia of infancy 
* Defective type | glucose transporter in the brain 

¢ Erythroblastosis fetalis 

* Factitious or iatrogenic hypoglycemia 

* Galactosemia 

* Glycogen storage disease 

* Heart failure 

* Hepatic failure 

* Hereditary fructose intolerance 

* Hypopituitarism 

* Insulin-binding antibodies disorder 

¢ Insulinoma 

* Isolated adrenocorticotropic hormone deficiency 

* Isolated growth hormone deficiency 
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* Lactic acidosis 

* Large non- B-cell tumor 

* Noninsulinoma pancreatogenous hypoglycemia syndrome 

* Pancreatic islet cell hyperplasia/nesidioblastosis 

* Persistent hyperinsulinemic hypoglycemia of infancy 

* Postoperative following removal of pheochromocytoma 

* Pseudohypoglycemia (i.e., in vitro glycolysis resulting in artifactually low glucose concentrations as observed 
with leukemias, polycythemia and hemolytic anemia) 

* Reye syndrome 

* Roux-en-Y gastric bypass (leading to pancreatic islet nesidioblastosis or insulinoma) 

¢ Sepsis 

¢ Small size for gestational age infants 


Table 30-8 Risk Factors for Drug-Induced Hyperglycemia 
Wl 





* Patients with underlying risk factors for type 2 diabetes mellitus 
o Age >45 years 
o Diagnosis of prediabetes (as per hemoglobin A1C, impaired fasting glucose, or impaired glucose 
tolerance) 
o First-degree relative with diabetes 
High-density lipoprotein cholesterol <35 mg/dL (0.90 mmol/L) and/or a triglyceride concentration >250 
mg/dL (2.82 mmol/L) 
History of gestational diabetes mellitus 
History of cardiovascular disease 
Hypertension (=140/90 mm Hg or on treatment for hypertension) 
Other clinical conditions associated with insulin resistance such as severe obesity or acanthosis nigricans 


Overweight (BMI >25 ke/m2 or BMI >23 ke/m2 in Asian Americans) 

Physical inactivity 

Polycystic ovary syndrome 

Race/ethnicity (e.g., African-American, Latino, Native American, Asian-American, and Pacific Islander) 

¢ Higher doses (e.g., thiazide diuretics or corticosteroids) or misuse of suspected drug 

* Concomitant use of more than one drug that can induce hyperglycemia 

¢ Drug interactions (use of drugs that may increase the plasma concentration and/or hyperglycemic effect of 
offending drug) 


° 


oo0o0odmUmlUCODUUCOUCOOUCUCOO 


BMI = body mass index. 


RISK FACTORS 


Risk factors for drug-induced hyperglycemia and hypoglycemia are listed in Table 
30-8 and Table 30-9, respectively. Patients with type 2 diabetes mellitus or those 
predisposed to it (e.g., individuals with metabolic syndrome) may be at particular 
risk for drug-induced hyperglycemia due to worsening of pre-existing insulin 
resistance and f cell dysfunction. Patients with other underlying disease states also 
may be at increased risk. For example, hypertension and schizophrenia are 
associated with a higher incidence of diabetes mellitus and therefore may confound 


the diagnosis of drug-induced hyperglycemia.'*+!> Polymedication is another 
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important risk factor, because the concomitant use of multiple medications 
associated with glucose or insulin dysregulation may lead to additive 
pharmacokinetic and/or pharmacodynamic effects. For example, the combined use 
of sulfonylureas and nonsteroidal anti-inflammatory drugs, including ibuprofen and 
aspirin, may lead to an increased risk of hypoglycemia due in part to decreased 


sulfonylurea metabolism or increased insulin release. !*!® 





Table 30-9 Risk Factors for Drug-Induced Hypoglycemia 


« Advanced age 

* Concomitant use of more than one drug that can induce hypoglycemia 

* Decreased carbohydrate intake (e.g., overnight fast, missed meals) 

* Hepatic dysfunction (decreased gluconeogenesis) 

¢ Higher doses or misuse of offending drug 

* History of hypoglycemia 

* Hospitalization within past 30 days 

¢ Increased carbohydrate utilization (e.g., exercise) or reduced stores (e.g., malnutrition) 

¢ Pharmacodynamic or pharmacokinetic interactions (e.g., increased response and/or plasma concentration of 
suspected drug) 

* Recent or excessive alcohol intake 

* Renal dysfunction (decreased insulin clearance) 

* Tight glycemic control in patients with diabetes 


MORBIDITY AND MORTALITY 


Drug-induced hyperglycemia may be transient or may result in permanent changes 
in glucose regulation. Similar to other causes of diabetes mellitus, drug-induced 
hyperglycemia is believed to increase the risk of microvascular (retinopathy, 
neuropathy, and nephropathy) and macrovascular (atherosclerotic cardiovascular 
disease, cerebrovascular disease, and peripheral vascular disease) complications, 
delayed wound healing and resolution of infections, hyperosmolar coma, and death. 
Cases of diabetic ketoacidosis and death have been reported in association with 
many of the drugs listed in Table 30-1. Diabetic nephropathy, sensorimotor 
peripheral neuropathy, ketoacidosis, hyperosmolar coma or precoma, myocardial 
infarction, and stroke were reported in a cohort of kidney transplant recipients 
(followed on average for 9.3 years) who developed post-transplant diabetes 
mellitus. The immunosuppressive regimen prescribed for these patients consisted 
of cyclosporine and corticosteroids, which are known to be associated with 
hyperglycemia.'!? New-onset diabetes after transplantation is known to be 
associated with decreased graft and patient survival, and increased risk of infection 
and cardiovascular disease.”?*! However, drug-induced hyperglycemia may not 
always lead to the development of macrovascular complications. This was evident 
in the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack 
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Trial, a large, randomized controlled study of older hypertensive patients with and 
without metabolic syndrome.” Although the incidence of newly-diagnosed diabetes 
was greater in chlorthalidone-treated patients compared to those treated with either 
lisinopril or amlodipine, the risk of developing coronary heart disease, stroke, end- 
stage renal disease, and all-cause mortality did not differ significantly among 
groups. The systolic blood pressure was 0.8-mm Hg and 2-mm Hg lower in the 
chlorthalidone group compared to the amlodipine and lisinopril group, 
respectively.” 


Although drug-induced hypoglycemia typically produces transient, mild-to- 
moderate symptoms, some patients may experience discomfort and reduced quality 
of life and consequently discontinue treatment due to fear of recurrent episodes. 
Severe hypoglycemic episodes can lead to mental status changes, seizures, loss of 
consciousness, permanent neurological damage, and death. Sulfonylurea-induced 
hypoglycemia has resulted in permanent neurological deficits in 5% of survivors 
and has a reported mortality rate of 10%. Furthermore, insulin-induced 
hypoglycemia may be responsible for approximately 2-4% of deaths reported in 
patients with type | diabetes.7+° 


In addition to substantial morbidity and mortality, drug-induced glucose and 
insulin dysregulation also carries a significant economic burden. Hospitalizations 
and urgent care visits related to drug-induced hyper- or hypoglycemia can 
substantially increase healthcare costs.7°*’ Healthcare expenditures include not 
only direct treatment costs, but also costs associated with the investigations 
required to rule out nondrug-related etiologies. 


Relative risks and benefits of administering medications known to cause hyper- 
or hypoglycemia must be weighed. For example, a meta-analysis calculated that the 
use of 3-hydroxy-3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors 
(also known as statins) may cause one new case of diabetes for every 255 patients 
treated for 4 years. However, 5.4 major coronary events (coronary heart disease 
death and nonfatal myocardial infarction) are prevented.*® Statin therapy is 
recommended in patients with diabetes by both the 2017 American Diabetes 
Association’s Standards of Medical Care in Diabetes guideline and the 2017 
American Association of Clinical Endocrinologists and American College of 
Endocrinology’s Comprehensive Type 2 Diabetes Management Algorithm to 
prevent atherosclerotic cardiovascular disease (ASCVD).!!”? For patients with 
prediabetes, both guidelines only provide a general recommendation that the same 
treatment recommendations for the general population to prevent ASCVD also 
apply to these patients.'!?? The Justification for the Use of Statins in Prevention: an 
Intervention Trial Evaluating Rosuvastatin investigated the effects of rosuvastatin 
20 mg daily on the development of first major cardiovascular events. An exclusion 
criterion at study entry was diagnosed diabetes. The authors calculated that in 
patients with one or more major diabetes risk factors, for every 54 new cases of 
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diabetes, 134 total cardiovascular events or deaths were avoided. In patients 
without a major diabetes risk factor, no new case of diabetes was diagnosed, and 


86 total cardiovascular events or deaths were avoided.°” 


PREVENTION 


Approaches for preventing drug-induced glycemic changes are listed in Table 30- 
10. Although not always possible, avoiding potentially causative drugs in high-risk 
patients is the best preventive strategy. The relative risks and benefits of drug 
therapy must be considered on a case-by-case basis. Close monitoring for signs and 
symptoms of abnormalities in blood glucose concentrations is essential for patients 
receiving drugs that may alter glucose or insulin regulation. Healthcare 
professionals should always inquire about their patients’ use of nonprescription 
medications and dietary supplements, as some of these have been linked to changes 
in glycemic control (Tables 30-1 and 30-2). Depending on risk assessment, blood 
glucose concentrations should be obtained before initiating therapy with drugs 
known to cause glucose or insulin dysregulation and periodically thereafter. The 
frequency of blood glucose monitoring should be dependent upon several factors 
including the patient’s risk for, or overt manifestations of, hypo- or hyperglycemia, 
provider assessment, and the availability of published guidelines from drug 
manufacturers or other sources. Monitoring for changes in blood glucose 
concentrations and clinical manifestations of hypo- or hyperglycemia also is 
recommended following discontinuation of medications known to induce glucose 
and/or insulin dysregulation. 





Table 30-10 Approaches to Help Prevent Drug-Induced 


Glucose and Insulin Dysregulation 





¢ Avoid or minimize concomitant administration of drugs that may have pharmacokinetic or pharmacodynamic 
drug interactions with potentially causative drug 

« Avoid or minimize concomitant administration of more than one drug that can induce glucose and/or insulin 
dysregulation 

* Inquire about symptoms of hyperglycemia and hypoglycemia at each office visit 

* Monitor fasting plasma glucose concentration within the first few weeks after initiating high-risk drugs and 
regularly thereafter, especially in the presence of weight changes or pre-existing disorders of glucose 
metabolism; for patients taking glucocorticoids, consider also monitoring postprandial plasma glucose 
concentration, given the onset of action of prednisone 

* Monitor weight at each office visit 

* Obtain baseline fasting plasma glucose concentration prior to initiation of potentially causative drugs, 
particularly in patients with risk factors 

* Use lowest effective dose for the shortest duration of administration if possible 
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MANAGEMENT 


Strategies for managing drug-induced glucose and insulin dysregulation are 
presented in Table 30-11. Although discontinuation of therapy with the offending 
agent usually reverses the drug-induced hypo- or hyperglycemia, this strategy may 
not always be possible. It may not be feasible to discontinue therapy with protease 
inhibitors, atypical antipsychotics, or tacrolimus, for example. In some of these 
cases, modifying therapy to a drug less likely to affect blood glucose can be 
considered. For example, Spivak et al. reported a case of olanzapine-induced 
diabetes mellitus that resolved after therapeutic substitution with ziprasidone.*! 
Also, short-term improvements in insulin resistance have been reported when a 
non-nucleoside reverse transcriptase inhibitor or abacavir were substituted for a 


protease inhibitor in patients infected with human immunodeficiency virus-1.*7 





Table 30-11 Management of Drug-Induced Glucose and Insulin 





Dysregulation 


ah Hypergiycemia 


Administer antidiabetic medications if patient develops diabetes mellitus 
¢ Assess glycemic control (e.g., home blood glucose monitoring, hemoglobin A1C) as appropriate 
¢ Discontinue or reduce dose of offending drug if possible 
¢ Implement appropriate dietary and lifestyle changes, including increased physical activity 
* Use offending drug for shortest duration possible at the lowest effective dose 


Hypoglycemia 


¢ Administer treatment to reverse hypoglycemia as appropriate (e.g., glucose, dextrose, glucagon, diazoxide) 
¢ Assess glycemic control (e.g., fasting plasma glucose concentration) as appropriate 

¢ Discontinue or reduce dose of offending drug if possible 

* Implement dietary changes (e.g., frequent, small meals) 

* Use offending drug for shortest duration possible at the lowest effective dose 


The time required for improvement of signs and symptoms and/or return to 
baseline of glycemic status following discontinuation of the causative drug depends 
on its pharmacokinetic and/or pharmacodynamic properties. In most cases, drug- 
induced hyperglycemia is reversible within days, but recovery may take longer 
with drugs such as atypical antipsychotics, protease inhibitors, or corticosteroids 
that cause hyperglycemia via weight gain or peripheral insulin resistance. In some 
cases, the effects may be irreversible (e.g., pentamidine-induced destruction of 
pancreatic B cells). For agents that exhibit a dose-dependent effect on plasma 
glucose concentrations (e.g., corticosteroids), reducing the dose may ameliorate or 
reverse the drug-induced disease. 
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Approaches specific to the management of drug-induced glucose abnormalities 
have not been studied systematically and patients with drug-induced hyper- or 
hypoglycemia are typically managed similarly to those with diabetes or 
hypoglycemia, by following accepted clinical practice guidelines and/or 
recommendations for these conditions.'!7>~? Patients with pre-existing diabetes 
may require an adjustment to their antidiabetic medications to compensate for drug- 
induced changes in glycemic control. Initiation or discontinuation of therapy with 
antidiabetic agents also may be required. 


INFORMATION FOR PATIENTS 


Patients receiving medications known to cause hypoglycemia or hyperglycemia 
should be educated regarding the associated signs and symptoms, the importance of 
follow-up testing, and the need for careful management and close medical 
supervision. Those who already have a diagnosis of diabetes should be informed 
that they may need to monitor their blood glucose concentrations more frequently 
and may require adjustments to their antidiabetic regimen. Patients should be 
educated about the risks and benefits of using medications known to induce glucose 
or insulin dysregulation and should be counseled to discontinue a potentially 
causative medication only under medical supervision. Patients should be further 
advised to inform each of their healthcare professionals about all medication use, 
including nonprescription medications and dietary supplements. 
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CHAPTER 31 


Thyroid Diseases 


Genevieve Lynn Ness, Judy T. Chen, Betty J. Dong, Frank 
Pucino, Jr, and Karim Anton Calis 


The thyroid gland affects virtually every organ system. Thyroid hormones regulate 
the metabolic rate and affect the growth and function of systems throughout the 
body. Many drugs, including those used to treat nonthyroid disorders, may affect 
thyroid function. Drug-induced thyroid disorders occur as a result of changes in 
thyroid hormone synthesis, transport, metabolism, secretion, or function (Figure 
31-1).'> Thyroid dysfunction may also result from alterations in the synthesis or 
release of thyroid stimulating hormone (TSH or thyrotropin) from the pituitary 
gland or dysregulation of thyroid releasing hormone (TRH) at the level of the 
hypothalamus. The clinical significance of drug-induced thyroid abnormalities 
ranges from negligible to potentially life-threatening. Medications that have the 
potential to induce clinically significant thyroid disorders are the focus of this 
chapter. 
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FIGURE 31-1 Steps of Thyroid Hormone Biosynthesis and Secretion and the 
Sites for Drug-Induced Changes 


(1) Iodide is first trapped and actively transported into the follicular cell by a sodium/iodide symporter in the 
basement membrane. (2) Thyroid peroxidase (TPO) then catalyzes the formation of an active iodinated species 
[enzyme-bound hypoiodite (EOD)] important for iodination of thyroglobulin (Tg) in the follicular lumen, resulting in 
the formation of mono-iodotyrosine (MIT) and di-iodotyrosine (DIT). (3) The oxidized form of TPO (compound 
I) then initiates the coupling reaction, generating liothyronine (T3) and levothyroxine (T4) through combining DIT 


with MIT or DIT, respectively. (4) Tg is then internalized from the lumen by endocytosis. (5) Hormone release 
occurs after proteolysis in the endosome and lysosome system. (6) Deiodination generates iodide from free MIT 
and DIT, which is then recirculated, and (7) also results in the formation of T3 from T4. (8) Thyroid hormone is 
subsequently released into the circulation, (9) extensively bound to serum proteins, primarily thyroxine binding 
globulin (TBG) for transport. It may then undergo (10) hepatic metabolism (glucuronidation, sulfation, 
deiodination), (11) peripheral deiodination (activation through T4 conversion to T3 or inactivation of T3 and Ty), 
or (12) bind to thyroid hormone (TH) receptors to elicit a pharmacodynamic response. (13) Release of 
thyrotropin [thyroid stimulating hormone (TSH)] from the anterior pituitary (adenohypophysis) in response to 
thyrotropin-releasing hormone (TRH) from the hypothalamus has a stimulatory effect on most steps of iodine 
metabolism and hormone synthesis and release. Drug and chemical compounds are known to alter the function 
of each of these steps, result in goiter, and/or (14) initiate an immune reaction resulting in thyroiditis. See Table 
31-2476! for a listing of specific drug actions. Adapted with permission from Taurog AM. Hormone synthesis: 
thyroid iodine metabolism. In: Braverman LE, Utiger RD, eds. The thyroid: a fundamental and clinical text. 
Philadelphia, PA: Lippincott Williams and Wilkins; ©2000:61-85. 


Thyroid hormone synthesis is dependent on dietary iodine, which is transported 
into thyroid follicular cells and incorporated into thyroglobulin via thyroid 
peroxidases. The process of organification produces mono-iodotyrosines and di- 
iodotyrosines, which are bound to thyroglobulin. The follicular cells secrete 
thyroglobulin, which serves as a storage form for thyroid hormone precursors. TSH 
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stimulates iodotyrosines to combine to form thyroxine (T,4) and tri-iodothyronine 
(T3) through a process known as coupling. Once released into the circulation, both 
T, and T3 are highly bound to thyroid-binding globulin and other plasma proteins. 
Intrinsically, T, 1s more potent than T,, with approximately 80% of T; derived from 
the peripheral conversion of T, by 5’-monodeiodinase. 


CAUSATIVE AGENTS | 


Medications have the potential to induce hypothyroidism, hyperthyroidism, and 
goiter. Agents most commonly associated with drug-induced thyroid disorders are 
listed in Table 31-1.4*° Causality has been assessed for drugs included in this 
table.*© Each of these agents has been implicated as the cause of drug-induced 
thyroid disease in at least one published case report in which a patient exhibited 
signs or symptoms of disease in addition to any laboratory abnormalities that may 
have been present. Some agents alter thyroid function tests without causing 
substantial clinical effects (1.e., they may cause subclinical hypothyroidism or 
hyperthyroidism). For example, subclinical hypothyroidism is an elevated serum 
TSH concentration, while free T; (FT3) and free T, (FT4) concentrations remain 
within the normal reference ranges in a patient with no symptoms or with mild, 
nonspecific symptoms. Similarly, subclinical hyperthyroidism (associated with low 
serum TSH and normal FT3 and FT, concentrations) is also a biochemical 
definition because hyperthyroid symptoms are often absent or nonspecific. 
Proposed mechanisms of drug-induced thyroid disorders are summarized in Table 


31-2.*7°! Drugs known to cause analytical interference with thyroid laboratory 
tests are not addressed in this chapter. 


Table 31-1 Agents Implicated in Drug-Induced Thyroid 


Disorders4-4> 





Level of 
Evidence® 






Incidence 





HYPOTHYROIDISM 

Abiraterone297 B 
Adalimumab212 C 
Aldesleukin4-9 Bb 
Alemtuzumab210 A 
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Amiodarone 11-13,249,251,252,254,298-302 
Axitinib191-193,303-306 
Bevacizumab271 
Bexarotene 14-16 
Cabozantinib307,308 
Carbamazepine309,3 10 
Cediranib3 11,312 
Dasatinib190 

Erlotinib3 13 
Escitalopram221 
Ethionamide 17-19,314 
Imatinib 190 

Infliximab3 15,316 
Interferon «20-26,3 17-321 
Interferon B27-34,322 
Iodinated compounds35-39 
Tpilimumab323,324 
Kelp40,41 
Lenalidomide269,325-330 
Leuprolide acetate42-44 
Linifanib33 1-333 
Lithium86,87,89,150,256,334-341 
Motesanib167,342,343 
Nilotinib 190,344 
Octreotide345,346,347 
Oxcarbazepine3 10,348 
Paroxetine349 
Pazopanib194,350-353 
Pegylated interferon 0354-358 
Quetiapine359-362 
Regorafenib363 


Rifampin364-366 
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Sertraline2 19 


Sorafenib138,140,174,303,305,370,379-382 


Sunitinib133,134,157,158,163,174-177,185,187,317,367-378 


Thalidomide383,384 
Tivozanib382,385 
Vatalanib386 
Valproate309,3 10,387 


HYPERTHYROIDISM 
Adalimumab388 


Alemtuzumab2 10,389,390 

Amiodarone 11-13,249,251,252,254,299-302,39 1-394 
Axitinib191 

Cabozantinib308,395 

Cyclosporin396 

Dasatinib190 

Epoprostenol397 

Everolimus398 

Nafareln399 

Imatinib 190 

Infliximab400,401 

Interferon «20-26,3 18,320,32 1,402 
Interferon 827-34 

Iodinated compounds35-39,104,403-405 
Tpilimumab406 
Lenalidomide45,269,327,329 

Leuprolide acetate42-44 
Leuprorelin399 
Lithium86,87,89,150,293,334-339,407,408 
Minocycline2 14,215 

Nilotinib 190,409 

Pazopanib194 


Pegylated interferon 0354-358,410,411 
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Pegylated interferon a-2a412 


NK 
Radioiodine413-416 Bi 
Sibutramine417 Cj 
Sora fenib 140,368,379 B 
Sunitinib134,163,368,418,419 B 


NK = not known (case reports only). 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bThyroid dysfunctions have been reported in a randomized controlled trial evaluating aldesleukin in combination 


with antitumor vaccines.8,420 Weill et al. reported thyroid abnormalities with aldesleukin in combination with 


lymphokine-activated killer cells. 
cConnolly et al. reported thyroid abnormalities in an amiodarone plus B-blocker group; no thyroid abnormalities 


were reported with B-blocker monotherapy. 12 

dStudy was conducted in pediatric patients who were receiving radiation therapy in combination with 
bevacizumab.271 

eThyroid abnormalities with interferon have been reported as monotherapy21-34,354-358 or in combination with 
ribavirin.20,411 

fThis category comprises over 50 drug entities, including iodinated glycerol, potassium iodide, and povidone 


iodine (Table 33-3). Despite great variability in the quality of published reports for specific agents, the overall 
body of evidence suggests a consistent “class effect.” As such, iodinated compounds are classified here 
according to the highest level of evidence available for iodine rather than for individual agents. 

gAlthough quetiapine does not meet the strict criteria for level B, a higher risk of hypothyroidism compared to 


placebo (OR 1.75, 95% CI 0.89—3.44) that required thyroid hormone replacement was observed in ~23% of 
patients suggests a higher level of causality.362 


hOne study conducted in 68 patients assessing the TSH levels before and after imatinib therapy found that 
imatinib does not impact thyroid function.421 
Jarvis et al. reported a prospective study conducted in a iodine-deficient region assessing the occurrence of 


iodine-induced thyrotoxicosis after iodinated contrast for CT and found that 2% of patients experienced 
subclinical hyperthyroidism.416 Case reports identified a worsening in hyperthyroidism or autoimmune 


hyperthyroidism after administration of radioiodine.413-415 


jCase report of a patient experiencing thyrotoxicosis and thyroiditis due to a sibutramine overdose.417 


Drug-induced thyroid disorders have been reported mostly in adults. However, 
a number of thyroid abnormalities have been reported in association with drugs 


used in the treatment of children.°2-”* 


Table 31-2 Proposed Mechanisms of Drug-Induced Thyroid 


Disorders4 7-01,134,195,199,211-213,242,316,390,413,422-430 
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Drug 

Acetylsalicylic acid (aspirin) 
Activated charcoal 
Adalimumab212 


Alemtuzumab213,390 


Aluminum hydroxide 


Amiodarone 


Amphetamines 
Androgens (danazol) 
Antipyrine 


Bexarotene 


Bromine 
Bromocriptine 


Calcium carbonate5 | 


Carbamazepine 
Chlorpromazine 
Cholestyramine 
Chromium 
Cimetidine 
Clofibrate 
Clomiphene 


Clomipramine 


Colchicine 

Colestipol 

Diazepam 
Dietary/environmental goitrogens 
Dopamine/dopaminergics 


Estrogens (conjugated estrogen, ethinyl 
estradiol) 


Ethionamide 199 


Ferrous sulfate 


Fluorine 


Mechanism(s) 


Decreased TSH release and/or response to TRH 

Decreased TH bioavailability 

Thyroid peroxidase antibody formation 

Self-tolerance deficit in immune reconstitution occurring after 
lymphopenia, autoimmunity 

Decreased TH bioavailability 


Inhibit iodide binding/transport, mhibit iodination, inhibit 
endocytosis, inhibit proteolysis, nhibit intra-thyroidal deiodination 
of T4, inhibit TH secretion, inhibit peripheral deiodination, inhibit 


TH receptor binding/uptake/action, increased TSH release and/or 
response to TRH, decreased thyrotropin receptor response, 
increased autoimmunity, dilatation of thyroid follicles with colloid, 
follicular cells having many residual bodies flattening 


Increased TSH release and/or response to TRH 
Decreased TBG 

Inhibit iodination, inhibit coupling 

Inhibit TH receptor binding/uptake/action, decrease TSH 
secretion199,211 

Inhibit iodide binding/transport 

Decreased TSH release and/or response to TRH 
Decreased TH bioavailability 


Increased hepatic metabolism 

Increased TSH release and/or response to TRH 
Decreased TH bioavailability 

Decreased TH bioavailability 

Increased TSH release and/or response to TRH 
Increased TBG 

Increased TSH release and/or response to TRH 
Inhibit intra-thyroidal deiodination of T4, inhibit peripheral 
deiodination 

Inhibit endocytosis 

Decreased TH bioavailability 

Displacement from protein binding sites 
Goitrogens 

Decreased TSH release and/or response to TRH 
Increased TBG 


Inhibit iodide binding/transport 
Decreased TH bioavailability 
Inhibit iodide binding/transport 
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Fluorouracil 
Free fatty acids (lipid emulsions in TPN) 


Furosemide (>80 mg) 


Glucocorticoids (dexamethasone) 


Growth hormone (somatropin) 

Haloperidol 

Heparins (fractionated and unfractionated) 
Heron 


Imatinib195 
Infliximab316 


Interferon «54,2 11,242,425 


Interferon y58 


Interleukin- 158 


Interleukin-2199,211 


Interleukin-6199 


Iodine-containing compounds (e.g., contrast 
agents) 


Isotretinoin426 
Ketoconozole 
L-asparaginase 


Lenalidomide/thalidomide2 11 


Levodopa/carbidopa 
Lithium 


Metformin61 


Methadone 
Metoclopramide 
Mifepristone56,57 


Increased TBG 
Displacement from protein binding sites 


Displacement from protein binding sites, inhibit TH receptor 
binding/uptake/action 


Inhibit intra-thyroidal deiodination of T4, decreased TBG, inhibit 


peripheral deiodination, decreased TSH release and/or response to 
TRH 


Decreased TSH release and/or response to TRH 
Increased TSH release and/or response to TRH 
Displacement from protein binding sites 

Increased TBG, decreased TSH release and/or response to TRH 
Increased hepatic metabolism 

Autoimmunity 

Destruction of thyroid cells, immune responses due to HLA 
overexpression, increased autoimmunity 

Increased autoimmunity 

Inhibit iodination, inhibit TH secretion, modify the making of 
thyroglobulin and thyrocytes 


Induce inflammatory cytokines which can increase HLA-II and 
antigens on thyrocytes leading to autoimmune thyroiditis; increase 
thyroid antibodies and lymphocyte permeation in the thyroid, 
increase TSH secretion 


Decreased TSH secretion 

Inhibit iodide binding/transport, inhibit iodination, inhibit 
endocytosis, inhibit proteolysis, hibit intra-thyroidal deiodination 
of T4, hibit TH secretion, inhibit peripheral deiodination, 


increased TSH release and/or response to TRH, decreased 
thyrotropin receptor response 


Autoimmune thyroiditis 


Inhibit coupling 
Decreased TBG 


Decreased iodine uptake and thyroid hormone secretion 
interference, antiangiogenic activity 


Decreased TSH release and/or response to TRH 


Inhibit iodide binding/transport, mhibit iodination, inhibit 
endocytosis, inhibit TH secretion, ncreased TSH release and/or 
response to TRH, increased autoimmunity, goitrogens 


Decreased TSH release 


Increased TBG 
Increased TSH release and/or response to TRH 


Inhibit iodide binding/transport 
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Minerals (bromine, calcium, fluorine, nitrate, | Goitrogens 


rubidium) 

Mitotane 

Nicotinic acid 
NSAIDs (salicylates) 


Octreotide 


Omeprazole60 


Opiates (morphine) 
Orphenadrine 
Pegylated interferon «211 


Perchlorate 199 


Perphenazine 
Phenobarbital 
Phentolamine 


Phenytoin 


Pimozide 


Propranolol 


Propylthiouracil 


Radioiodine413 
Raloxifene52 


Rifampin 

Ritonavir 199 

Salicylamides (p-aminosalicylic acid, p- 
aminobenzoic acid) 


Serotonin antagonist (cyproheptadine, 
metergoline, methysergide) 


Sertraline 

Sevelamer 

Sodium polystyrene sulfonate 
Spironolactone 

St. John’s Wort199 


Sucralfate 
Sulfonamides 


Sulfonylureas (chlorpropamide, 


Increased TBG 
Decreased TBG 


Displacement from protein binding sites, inhibit TH receptor 
binding/uptake/action 


Decreased TSH release and/or response to TRH 
Decreased TH bioavailability 


Decreased TSH release and/or response to TRH 
Displacement from protein binding sites 


Production of thyroid antibodies 
Inhibit iodide binding/transport 


Increased TBG 

Increased hepatic metabolism 

Decreased TSH release and/or response to TRH 
Displacement from protein binding sites, increased hepatic 
metabolism, inhibit TH receptor binding/uptake/action, decreased 
TSH release and/or response to TRH, phenytoin toxicitya,430 
Decreased TSH release and/or response to TRH 

Inhibit intra-thyroidal deiodination of T4, hibit peripheral 
deiodination 

Inhibit intra-thyroidal deiodination of T4, inhibit peripheral 
deiodination 


Increase thyroid antigens and radiation thyroiditis 
Decreased TH bioavailability 


Increased hepatic metabolism 

Increase TSH secretion 

Inhibit iodide binding/transport, inhibit iodination, inhibit coupling, 
displacement from protein binding sites, goitrogens 


Decreased TSH release and/or response to TRH 


Increased hepatic metabolism 
Decreased TH bioavailability 
Decreased TH bioavailability 
Increased TSH release and/or response to TRH 


Increased TSH secretion 
Decreased TH bioavailability 
Inhibit iodide binding/transport, inhibit iodination, inhibit coupling 


Inhibit iodide binding/transport, inhibit iodination, inhibit coupling, 
displacement from protein binding sites 
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tolbutamide)50 


Sunitinib134,427-429 Iodine uptake inhibition, destructive thyroiditis, peroxidase 
inhibition, autoimmunity 


Tamoxifen Increased TBG 


Thioamides (propylthiouracil, carbimazole, _ | Inhibit coupling 


methimazole) 

Thioridazine Decreased TSH release and/or response to TRH 

Thyroid hormones (levothyroxine) Decreased TSH release and/or response to TRH 

Tumor necrosis factor 058 Inhibit iodination, inhibit TH secretion, modify the making of 


thyroglobulin and thyrocytes 


NSAID = nonsteroidal anti-inflammatory drug, TBG = thyroid-binding globulin, TH = thyroid hormone, TRH = 
thyrotropin-releasing hormone, TSH = thyroid-stimulating hormone, TPN = total parenteral nutrition. 
aCase report of a patient with phenytoin toxicity experiencing hypothyroidism while receiving thyroid 


replacement. 


Patients infected with human immunodeficiency virus (HIV) and those with 
advanced acquired immunodeficiency syndrome are commonly affected with 
thyroid abnormalities.’ Controversy exists regarding the association of highly 
active antiretroviral therapy (HAART) with the development of thyroid 
abnormalities in HIV-infected patients. Antiretroviral therapy has been associated 
with subclinical hypothyroidism, particularly after stavudine therapy.-’’ In a 
cohort study of 350 HIV-infected patients, use of stavudine was associated with 
subclinical hypothyroidism in one subgroup of patients and with low serum FT, 


concentrations in another subgroup.’’ Graves disease also has been reported after 
immune restoration with HAART.” However, HIV-infected persons usually are 
clinically asymptomatic, and recommendations for routine thyroid screening remain 
controversial due to the absence of supporting evidence.” 


EPIDEMIOLOGY 


According to the 1999-2002 National Health and Nutrition Examination Survey 
(NHANES), the prevalence of hypothyroidism in the United States is 3.7% (overt 
0.3%, mild 3.4%).’° Females have a higher prevalence of hypothyroidism (4.2%) 
compared to males (3.1%). In contrast, only 0.5% (overt 0.2%, mild 0.3%) of the 
U.S. population has hyperthyroidism, with a higher incidence in females (0.8%) 
compared to males (0.1%). A 20-year follow-up study of 2,779 adults in 
Whickham, England, reported an annual incidence of overt hypothyroidism of 3.5 
and 0.6 cases per 1,000 in women and men, respectively. ’? In women 75-80 years 
of age, the annual incidence increased to 14 cases per 1,000. With increased use of 
sensitive TSH assays, the diagnosis of subclinical thyroid disease has become 
more prevalent. In the United States, the prevalence of both hypothyroidism and 


1321 


hyperthyroidism appear to increase with age.’® In the Whickham study, the annual 
incidence of hyperthyroidism was 0.8 cases per 1,000 women.” The prevalence of 
subclinical hyperthyroidism in the general population is 2-16%.®° In women with 
underlying multinodular goiter, the prevalence of subclinical hyperthyroidism 1s 
20%.*! 


The overall incidence of drug-induced thyroid disorders has not been clearly 
elucidated. The incidence of thyroid disorders associated with specific agents is 
listed in Table 31-1.4* 


Thyroid disorders associated with amiodarone and lithium are the most 
extensively documented. Amiodarone contains 37.3% iodine by weight; however, 
global variations in iodine intake influence the epidemiology of amiodarone- 
induced thyroid dysfunction.** In countries such as the United States and the United 
Kingdom where iodine intake is adequate, the incidence of amiodarone-induced 
hyperthyroidism and hypothyroidism is 1.7-3% and 13-22%, respectively.°°*? In 
areas with inadequate iodine intake, however, hyperthyroidism occurs in 10-12% 
of amiodarone-treated patients, whereas only 6.4% have hypothyroidism.8°*?:*4 


The epidemiology of lithtum-induced thyroid dysfunction has also been well 
described, with hypothyroidism and goiter observed in 4-34% of patients exposed 
to the drug.®>-8? Exposure to lithium has also been implicated in the development of 
thyroid carcinoma, but the exact incidence remains unknown.” Published data 
concerning thyroid abnormalities associated with lithium therapy consist mostly of 
case reports, prevalence studies, retrospective studies, and small or short-term 
prospective studies. A 15-year evaluation of thyroid function in 150 patients using 
lithium reported a relative risk of clinical hypothyroidism of 8.4 in patients with 
antithyroid antibodies.*’ 


Tyrosine kinase inhibitors have been associated with drug-induced 
hypothyroidism and hyperthyroidism at a rate of 38.5-68% and 20%, 
respectively.?>* Studies have reported improved survival in patients with 
metastatic renal cell carcinoma who developed hypothyroidism in association with 
tyrosine kinase inhibitor therapy.”*” 


MECHANISMS 


Specific mechanisms of drug-induced thyroid disorders include changes in 
autoregulation, inflammatory and autoimmune thyroiditis, and de novo development 
of increased levels of thyroid antibodies. Many mechanisms have not been fully 
elucidated, and some medications may have multiple thyroid-related effects. Most 
notable among the medications with relatively well-described mechanisms are 
iodides, amiodarone, lithium, interferon a, and tyrosine kinase inhibitors (e.g., 
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sunitinib). Possible mechanisms by which drugs affect the thyroid gland are 
presented in Figure 31-1°° and Table 31-2.47-! 


DRUG-INDUCED HYPERTHYROIDISM 


Iodine is a required substrate for thyroid hormone synthesis. Iodide enters the 
thyroid and becomes oxidized via thyroid peroxidase. The oxidized iodine atom is 
then added to selected tyrosyl residues within thyroglobulin. This process 1s 
referred to as organification. The optimal iodine intake 1s 150-250 mcg/day; 
consumption of 1,000 mcg or more per day is considered toxic.”’ In the presence of 
excess iodine, the thyroid normally inhibits organification, which is called the 
Wolff-Chaikoff effect.°”° This is a method of autoregulation that prevents 
excessive hormone production in response to an increase in the intrathyroidal 
iodine content. In individuals with a normal thyroid, the gland eventually escapes 
from this inhibitory effect and iodide organification resumes; nonetheless, the 
suppressive action of high intrathyroidal 1odide content may persist in patients with 
underlying autoimmune thyroid disease. Patients residing in iodine-deficient areas 
often have multinodular goiter with loss of the Wolff-Chaikoff effect and 
autoregulation. Thus, iodine-induced hyperthyroidism, or Jod-Basedow 
phenomenon,occurs when patients, particularly those with multinodular goiters, 
increase their iodine intake or exposure.°®??:! 


Medications with high iodine content include amiodarone, radiographic 
contrast media (e.g., diatrizoate), iodinated glycerol, and certain nonprescription 
preparations such as kelp tablets, Tri-iodine, and Iodoral.!°! A number of case 
reports have described iodine-induced hyperthyroidism from iodine-containing 
antiseptic solutions, contrast agents, and povidone-iodine soaked abdominal 
packs. !°7:!03 One report described the occurrence of subclinical hyperthyroidism in 
patients receiving iodinated radiographic contrast media for coronary 


angiography.!* A list of iodine-containing medications is presented in Table 31- 
3 ,38,105-107 


Each 200-mg amiodarone tablet contains 75 mg of iodine and releases 
approximately 6 mg of free iodine, exceeding the recommended daily intake, 
optimal daily allowance, and the toxic dosage range. In addition to its iodine 
content, the effects of amiodarone on the thyroid may be related to its structural 
homology with thyroid hormones. Thyroid dysfunction associated with amiodarone 
has been reported in pediatric and adult patients.!°*"!!° There are several proposed 
mechanisms for amiodarone-induced hyperthyroidism. Type 1 is related to the 
drug’s high iodine content, and most often occurs in patients with pre-existing or 
underlying risk factors for thyroid disorders (e.g., autoimmune thyroid disease, 
multinodular goiter).?*!!!"!!4 Type 2 results from a destructive inflammatory type of 
thyroiditis, causing excessive release of stored thyroid hormone into the systemic 
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circulation.!!?:!!4 This typically occurs in patients with ostensibly normal thyroid 
glands. '!7!!5-!!8 The inflammatory process is postulated to be caused by either the 
large iodine burden or, more likely, by a direct toxic effect of the drug.!!? Type 3 is 
known as a mixed form encompassing characteristics of both type 1 and type 
2.°9113.114 The time to onset of amiodarone-induced hyperthyroidism is quite 
variable and may range from 1 to 24 months after initiation of therapy. !*°!7! 


Interferon a has been associated with two types of drug-induced 
hyperthyroidism, a Graves-like immune disorder or an inflammatory destructive 
thyroiditis similar to that associated with amiodarone. Hashitoxicosis, an 
autoimmune thyroid disease in which patients present with hyperthyroidism 
followed by hypothyroidism, is more common than the Graves disease-like 
hyperthyroidism induced by interferon a.'**!? Typically, the pattern of thyroid 
dysfunction with interferon a is biphasic, presenting as initial hyperthyroidism 
followed by hypothyroidism. A prospective observational study found that the 
average onset of drug-induced thyroid disease in hepatitis C patients taking 
interferon a was approximately 10 weeks.!*4 In some cases, thyroid abnormalities 
may persist even after discontinuation of interferon a. In a prospective study of 201 
patients with hepatitis C receiving interferon a, 11 patients developed biphasic 
thyroiditis.!*° All 11 patients achieved a sustained virologic response (SVR) or 
cure of their hepatitis C; however a meta-analysis did not find a positive 
correlation between the thyroiditis and SVR results. In addition, a case report 
described the development of thyroid peroxidase antibodies and biphasic thyroid 
disorder of hyperthyroidism and hypothyroidism following the use of pegylated 
interferon and ribavirin. !7° 


Table 31-3 Iodine Content of Selected Medications and Dietary 
38,105-107 





Supplements 

Medication Iodine Content (mcg) 

Amiodarone 75,000/tablet 

Calcium iodide 26,000/mL 

Clioquinol (jodochlorhydroxyquin) 12 mg/g 

Diatrizoate meglumine 85,000—358,000/mL 

Diatrizoate meglumine/sodium 292,00-370,000/mL 

Diatrizoate and iodipamide meglumine 380,000/mL 

Diatrizoate sodium 600,000/g, 120,000-300,000/mL 

Echothiophate iodide 5—41/drop 

Ethiodized oil 370,000/mL 
oa 


Hydriodic acid syrup Oral 13,000—15,000/mL 
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Idoxuridine 
Tocetamic acid 
Iodamide meglumine 


Iodinated glycerol 


Todine-containing vitamins (various) 


Iodine 
Gel 

Gel pad 
Ointment 
Solution 
Tincture 


Iodine and potassium iodide 
Lugol’s solution, strong iodine tincture 
(various) 


Iodine and sodium iodide 
Iodine tincture (various) 


Todipamide meglumine 
Todixanol 

Iodized organic oils 
Iodized salt 

Iodoform gauze 


Todoquinol 


Tohexol 

Iopamidol 

Iopromide 

Iothalamate meglumine 
Iothalamate meglumine/sodium 
Iothalamate sodium 
Ioversol 

Ioxaglate meglumine/sodium 
Isopropamide iodide 

Kelp (various) 
Levothyroxine 

Liothyronine 

Liotrix 

Metrizamide (subarachnoid) 


Potassium iodide 
(losat, Thyro-Block) 
(Pima) 

(SSKI) 


Potassium iodide and nicotinamide 


358/mL 
465,000/mL 
300,000/mL 


15,000/tablet 
6,000—25,000/mL 


54~-200/tablet 


Ophthalmic 
Oral 


Oral 


Oral 


9,000/g 

9,000/g 

47,000/g 
20,000/mL 
20,000-70,000/mL 


108,225—126,450/mL 


40,321/mL 


257,000/mL 
270,000—320,000/mL 
5,000—7,000/mL 
67/1.5 g (1 serving) 
4,800/100 mg 


134,274-415,610/tablet 
6,000/g 


140,000—350,000/mL 
250,000—370,000/mL 
150,000—370,000/mL 
81,000—282,000/mL 
400,000/mL 
325,000—400,000/mL 
160,000—350,000/mL 
320,000/mL 
1,321—1,800/tablet 
100—4,200/g 

63/100 mcg 

15/25 mcg 

39/60-65 mg 
170,000—300,000/mL 


Oral 


Oral 


ParenteraV/urogenital 


Oral 
Oral 
Oral/parenteral 
Oral/parenteral 
Oral 
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Oral 99,385/tablet 
49,692/mL 


764,500/mL 


Oral 115,000/tablet 


1325 


hydroiodide 


Povidone-iodine 0.5—10% (various) 500—10,000/mL 
Sodium iodide 85,000/mL 
Thyroid, dessicated 29/65 mg 
Tyropanoate sodium 430,000/capsule 


Source: Adapted with permission from Roti E, Uberti ED. Iodine excess and hyperthyroidism. Thyroid. 2001; 
11:493-500. The publisher for this copyrighted material is Mary Ann Liebert, Inc. 


Chronic lithium therapy has been associated with silent thyroiditis causing 
hyperthyroidism. !77-!78 Silent thyroiditis, an inflammation of the thyroid gland, is 
often a self-limiting disorder characterized by transient thyrotoxicosis and 
subsequent hypothyroidism.!”? A retrospective review of 400 patients with thyroid 
disease reported a 4.7-fold increase in the likelihood of lithium exposure for 
patients with silent thyroiditis compared with Graves disease.!*’ Lithium may also 
cause hyperthyroidism by acting as an immunomodulator. One study reported that 
20% of patients receiving lithtum therapy were found positive for thyroid 
microsomal and/or thyroglobulin antibodies that can lead to autoimmune thyroid 
disease.'°° In addition, one case report described thyroid storm from chronic 
lithium therapy.'*! The time to onset for lithium-induced hyperthyroidism is 
variable and not well defined. !?7!78.!3! 

Recently, tyrosine kinase inhibitors, specifically sunitinib and sorafenib, have 
been shown to induce hyperthyroidism.'°* Some studies have reported initial 
hyperthyroidism before the onset of hypothyroidism.'**!>’ One study reported 
development of sorafenib-induced hyperthyroidism in 23.9% of patients, which 
was characterized by suppressed TSH concentrations and increased free T3/T, for 
a median duration of 2.3 months before ensuing hypothyroidism.!** In a 
retrospective study, 4 of 15 patients developed sunitinib-induced hyperthyroidism. 
Three of these patients had elevated TSH concentrations before treatment, 
suggesting that patients with hypothyroidism may be at greater risk of sunitinib- 
induced hyperthyroidism.!*’ Another study reported the onset of sorafenib-induced 
hyperthyroidism in 1 of 39 patients approximately 6 weeks after starting therapy. '4° 
A case report described a similar scenario of thyroid storm occurring 8 weeks after 
initiation of sorafenib therapy.'*! Following discontinuation of sorafenib, TSH 
concentrations increased but remained marginally suppressed. Additionally, a case 
report described a patient with sorafenib-induced thyrotoxicosis, which resolved 
with continued therapy and the addition of prednisone.!** Symptoms of 
hyperthyroidism can also occur with excessive doses of thyroid hormone therapy 
(e.g., levothyroxine). !* 


DRUG-INDUCED HYPOTHYROIDISM 
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Excess iodine ingestion can also cause hypothyroidism. Iodide administration 
inhibits thyroid hormone synthesis and release and decreases iodide trapping. !47:!44 
Iodide-induced hypothyroidism ensues when the gland is unable to escape from the 
Wolff-Chaikoff effect. Iodine excess may also result in impaired TSH response, 
inhibition of proteolytic enzymes responsible for cleaving T,; and Ty, from 
thyroglobulin before release, and inhibition of peripheral 5’-monodeiodinase 
conversion of T, to 13.2 Patients most susceptible to iodide-induced 
hypothyroidism include those with undiagnosed Hashimoto thyroiditis and those 
with a history of autoimmune thyroiditis not receiving thyroxine replacement. 
Consumption of an iodine-rich seaweed (kelp) diet has been associated with 
hypothyroidism and goiter in regions of Japan.4°4!!*.!46 However, a short-term 
prospective clinical trial of euthyroid patients supplemented with kelp for 4 weeks 
found no clinical consequences of thyroid abnormalities despite evidence of 
chemical hypothyroidism.'*” With amiodarone, the Wolff-Chaikoff effect persists, 
resulting in a continuous decline in T, production. In addition, amiodarone may 
also inhibit thyroid hormone cellular uptake, pituitary and peripheral deiodination, 
and binding to thyroid receptor sites.? Amiodarone-induced hypothyroidism has 
been reported to occur during the first 3 to 18 months of therapy.!!! 

Lithium impairs thyroid hormone synthesis by inhibiting iodide release from the 
thyroid tissue.**!4*!5! The resulting decrease in hormone production induces 
sustained TSH release, which can lead to development of a simple nontoxic goiter. 
The reported annual incidence of lithium-induced goiter is up to 50%,!>2!>3 
However, regression of goiter was observed during a 15-year follow-up study in 
patients who continued to receive lithium treatment, and the proportion of palpable 
goiter decreased from 53% to 29%.8’ Lithium also may reduce iodine- 
concentrating capacity and inhibit synthesis of iodotyrosine and iodothyronines.7 
Lithium-induced hypothyroidism has been reported to occur within the first few 
months and up to 18 months of therapy.'>* One study reported the onset separated by 
sex.!°9 Lithium-induced hypothyroidism occurred within the first 24 months of 
treatment in the female cohort and 59 months in the male cohort.!*? 

Interferon o—induced hypothyroidism is more common than hyperthyroidism and 
typically follows episodes of hyperthyroidism. One study reported an association 
between the absence of SVR and the occurrence of central hypothyroidism in 
patients taking interferon a for hepatitis C.!°> The onset of hypothyroidism 
associated with interferon a has not been clearly elucidated, and, because 
symptoms of hypothyroidism are often attributed to the condition this drug is 
commonly used to treat (1.e., hepatitis C), the diagnosis of hypothyroidism in these 
patients may be delayed.!°° 
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The mechanism of tyrosine kinase inhibitor-induced hypothyroidism 
(specifically sunitinib) is postulated to involve impaired iodine uptake, partial 
inhibition of thyroid peroxidase, antiangiogenic effects (resulting in decreased 
blood flow and inhibition of vascular endothelial growth factor [VEGF] signals to 
the thyroid gland), destructive thyroiditis, capillary regression and/or constriction 
causing a decrease in vascularity, decrease in thyroid gland volume, thyroid 
hormone plasma membrane transport inhibition, and/or RET/PTC (rearranged in 
transformation/papillary thyroid carcinomas) kinase inhibition.!°4!°7!° In 
addition, the mechanism by which motesanib causes hypothyroidism is thought to be 
due to changes in the metabolism or absorption of thyroxine.'®’ Studies are 
underway to elucidate these mechanisms.!°* Additionally, a single-center Phase II 
study suggested that sorafenib may decrease the clearance of TSH, resulting in 
supranormal TSH concentrations.!°? The risk of hypothyroidism is positively 
correlated with the duration of treatment.!’? On average, the onset of symptoms was 
reported after 50 weeks of therapy.'** Progressive worsening of pre-existing 
hypothyroidism is observed in most cases, but sudden development of severe 
hypothyroidism also has been described.!°’ The literature hypothesizes that 
sunitinib causes more thyroid dysfunction compared to the other tyrosine kinase 
inhibitors due to its ability to target platelet-derived growth factor receptor 
(PDGFR) as well as vascular endothelial growth factor receptors 1 and 2 
(VEGFR1 and VEGFR2).!”! Clinically significant thyroid dysfunction has also 
been reported with sorafenib, although not as frequently as with sunitinib.!40!/” 
However, a study of Japanese patients with metastatic renal cell carcinoma 
reported hypothyroidism in 46 (67.7%) patients treated with sorafenib.!** In a 26- 
week Phase II study, levothyroxine requirements increased from 2.48 mcg/kg to 
2.71 meg/kg after sorafenib administration.'”? Another study reported 20.5% and 
42.1% of patients taking sunitinib and sorafenib, respectively developed TSH 
concentrations higher than 3.77 uM/mL during the first month of therapy.'”* During 
the second month of treatment, 27.3% and 46.2% of patients receiving sunitinib and 
sorafenib, respectively, maintained elevated TSH concentrations. In a prospective 
study, thyroid replacement was required in 27% (16/59) of patients with sunitinib- 
induced hypothyroidism.'”> Eighty-five percent of patients taking sunitinib for 
metastatic renal cell carcinoma experienced hypothyroidism.!’° Additionally, of 80 
patients receiving sunitinib in prospective clinical trials, 14 (18%) developed 
hypothyroidism.!’” The onset of sunitinib-induced hypothyroidism occurred within 
10 weeks of therapy.!’® A retrospective study reported a high incidence of 
hypothyroidism in patients receiving axitinib (6 of 6 patients), sunitinib (9 of 15 
patients), and sorafenib (6 of 12 patients).!°° 


The occurrence of hypothyroidism in patients taking sunitinib and sorafenib for 
renal cell carcinoma may serve as a biomarker of efficacy, but the evidence is 
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conflicting, !°3-19!74.179-188 A retrospective study conducted in Brazil found an 
improvement in the overall response rate of patients with metastatic renal cell 
carcinoma who developed hypothyroidism during treatment compared to those who 
remained euthyroid (90% versus 20%, respectively, p <0.0001).!°% In contrast, a 
meta-analysis conducted in more than 500 patients did not find an association 
between hypothyroidism and improved survival in tyrosine kinase inhibitor—treated 
patients with metastatic renal cell carcinoma.!*° 

Second-generation tyrosine kinase inhibitors (i.e., imatinib, nilotinib, dasatinib) 
have also been reported to cause thyroid dysfunction in patients with Philadelphia 
chromosome-positive chronic myeloid leukemia.!%? Other observational studies 
suggest an association of axitinib with hypothyroidism; however, the sample sizes 
in these studies were relatively small.!?!"!9> Pazopanib has been reported to 
increase TSH concentrations above 5 milliunits/L in 29% of patients.!?* Imatinib 
and vandetanib have been associated with increased dosage requirements in 
thyroidectomized patients receiving thyroid hormone replacement therapy. !?>!9°!97 


Recently, a drug safety communication issued by the U.S. Food and Drug 
Administration (FDA) described the association of underactive thyroid in infants 
following exposure to iodinated contrast media.!°° This occurred in infants with 
serious medical conditions or that were premature. The FDA stated that this is a 
rare temporary occurrence and typically resolves without treatment or long-term 
effects. 


ANTIBODY FORMATION 


Thyroid autoantibodies, antithyroid peroxidase, and  antithyroglobulin 
autoantibodies have been observed in patients with autoimmune thyroid 
diseases.!°? However, TSH receptor antibodies and __ thyroid-stimulating 
immunoglobulins that stimulate the TSH receptor are only seen in patients with 
hyperthyroidism. Antithyroid peroxidase antibodies are often present in patients 
experiencing hypothyroidism secondary to lithium or interferon a.7>*® However, a 
15-year follow-up study of 150 patients reported a 1.7% annual rate of new-onset 
autoimmunity associated with lithium therapy, a rate similar to that found in the 
general population.’?°’ Antithyroid peroxidase antibodies develop in 15% of 
patients receiving interferon a and have been reported in up to 53.3% of 
patients.7°>.200-207 The link between interferon B-1b and antithyroid antibodies is 
less well defined. In a cohort of 156 patients using interferon B-1b, de novo 
antithyroid antibodies developed in six patients but persisted in only two patients.*! 
Interpretation 1s confounded by the patients’ underlying conditions (e.g., chronic 
hepatitis C, multiple sclerosis) that also have been associated with autoimmune 
complications and make it difficult to establish causality.>!2°%2 
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Ninety-six percent of patients receiving alemtuzumab for the treatment of 
multiple sclerosis experienced thyroid dysfunction associated with thyroid 
autoantibodies.*!? Thyroid dysfunction has not been observed in patients taking 
alemtuzumab for cancer.”!! One case report found an increase in thyroid peroxidase 
antibodies after the administration of adalimumab for Crohn disease.”!* Compared 
to interferon B-la, alemtuzumab was associated with a higher incidence of 
hyperthyroidism (0.9% versus 14.8%, respectively) and hypothyroidism (0.9% 
versus 6.9%, respectively).”!° The mechanism of alemtuzumab-induced thyroid 
autoimmunity is thought to be due to the self-tolerance deficit in immune 
reconstitution occurring after lymphopenia.7!* 

It has been postulated that minocycline causes hyperthyroidism due to antibody 
formation or damage to thyroid follicular cells.7!4?!° Thyroid peroxidase 
antibodies have also been associated with amiodarone-induced _ thyroid 
dysfunction.7!© One study found that antibody concentrations were higher in patients 
exposed to amiodarone for more than 24 months compared to shorter treatment 
exposures.7!© 


OTHER MECHANISMS 


The mechanism of HAART-induced hypothyroidism is not known. HIV infection 
has been associated with autoimmunity, and it is difficult to determine whether 
thyroid abnormalities found in HIV-infected patients are related to progression of 
the underlying disease or exposure to HAART.” Nevertheless, case reports suggest 
that protease inhibitors may accelerate glucuronidation of levothyroxine, thereby 
necessitating an increased dosage of thyroid hormone for replacement therapy.7!7 

Sertraline may increase serum T3 concentrations in the presence of normal TSH 
and T, concentrations.7!* One report noted that sertraline increased serum TSH 
concentrations in patients with hypothyroidism receiving levothyroxine therapy, 
although the mechanism was not established.7!? Additional case reports have 
described patients who experienced hypothyroidism with the combination of 
aripiprazole and sertraline as well as with escitalopram alone.”2°.27! 

The precise mechanism of central hypothyroidism induced by bexarotene is not 
clearly understood. Central hypothyroidism is a rare cause of hypothyroidism 
characterized by insufficient thyroid-hormone production resulting from impaired 
hypothalamic or pituitary function. Patients with central hypothyroidism often 
present with low FT, serum concentrations while TSH concentrations may be low, 
normal, or mildly elevated. A study that evaluated healthy individuals who 


received a single dose of bexarotene 400 mg/m? found that there was a rapid 
suppression of TSH without significant effects on serum prolactin, cortisol, 
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glucose, insulin, triglyceride, or free fatty acids.” Bexarotene has been postulated 
to increase clearance of TSH independently of the effects of thyroid 
hormones.”**”7> Thyroid hormone replacement has been required in approximately 
37% of the patients receiving bexarotene, with higher replacement needs in those 
receiving increased bexarotene doses.'° Bexarotene-induced _ central 
hypothyroidism is often associated with a suppressed TSH and _ subsequent 
reduction in FT, serum concentrations. Clinical symptoms of hypothyroidism 


reverse within weeks of stopping therapy. !>74 


Antitubercular medications have also been associated with 
hypothyroidism.!°7>-??7 Ethionamide can inhibit thyroid-hormone synthesis, most 
likely because of its structural similarity to methimazole. This drug-induced 
hypothyroidism appears to be reversible with discontinuation of therapy.!® 
Ethionamide use led to hypothyroidism in 6 of 207 patients, necessitating 
discontinuation of the medication.??’ A retrospective study of 186 patients in 
Lesotho with multidrug-resistant tuberculosis receiving combination therapy 
(ethionamide and para-aminosalicylic acid) reported hypothyroidism (TSH >10 
milli-international units/L) occurring in 69% of the patients.**° Similar results were 
reported with para-aminosalicylic acid and prothionamide (a _ thiocarbamide 
chemically related to ethionamide).*”° The mechanism by which these medications 
cause hypothyroidism is postulated to be due to the inhibition of iodine binding in 
the synthesis of thyroid hormone.!777°72822° 


Table 31-4 Signs and Symptoms Associated with Drug-Induced 


230,231 





Thyroid Disorders 
Hypothyroidism 


¢ Ataxia 

¢ Bradycardia 

* Coarseness or loss of hair 

* Constipation 

* Cool peripheral extremities 

* Delayed tendon reflex relaxation 
* Depression 

¢ Dry skin and cold intolerance 

* Dyspnea 

* Fatigue and weakness 

* Goiter 

* Hoarse voice 

* Hyperlipidemia 

* Hypothermia 

* Impaired hearing 

¢ Irregular or heavy menses and infertility 
* Memory and mental impairment 
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* Myalgias 

* Paresthesias 

* Puffy face, hands and feet (myxedema) 
¢ Weight gain from fluid retention 

* Yellow skin 


Hyperthyroidism 


¢ Alteration in appetite 

¢ Atrial fibrillation 

* Changes in vision, photophobia, eye irritation, diplopia 
* Decreased menstrual flow 

¢ Exertional intolerance and dyspnea 

¢ Exophthalmos 

* Fatigue and muscle weakness 

¢ Frequent bowel movement or diarrhea 
* Heat intolerance and sweating 

¢ Impaired fertility 

¢ Lid retraction or lag 

* Mental disturbances 

¢ Nervousness and irritability 

* Palpitations 

¢ Peripheral edema 

¢ Pretibial myxedema 

¢ Sleep disturbances (including insomnia) 
¢ Sudden paralysis 

* Tachycardia 

¢ Thyroid enlargement 

¢ Tremor 

¢ Weight loss or gain 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The clinical features associated with drug-induced hyperthyroidism and drug- 
induced hypothyroidism are often related to accelerated or impaired metabolism, 
respectively, or to an underlying autoimmune process. Specific signs and symptoms 
are presented in Table 31-4, 199,230.23] The severity, duration, and extent of illness 
may vary greatly from patient to patient. 


Unfortunately, the association between drug dose and duration and dose 
response and the development of hypo- or hyperthyroidism is not well established 
for many of the agents implicated in these drug-induced diseases. Possible risk 
factors that should be evaluated include the patient’s age, sex, thyroid hormone 
status, iodine status, overall nutritional status, and other coexisting medical 
conditions (e.g., previous thyroid disease, diabetes, rheumatoid arthritis, pernicious 
anemia). In countries where the population receives adequate iodine 
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supplementation, such as the United States, it is generally reasonable to assume that 
iodine deficiency is not a factor. 


In patients presenting with symptoms of hyperthyroidism, primary causes of the 
disease should be excluded. These include Graves disease, toxic multinodular 
goiter, subacute thyroiditis, toxic adenoma, and thyrotoxicosis factitia. Common 
causes that should be considered in the differential diagnosis of hyperthyroidism 
are included in Table 31-5. Some patients may present with new-onset or 
worsening heart failure, atrial fibrillation, or angina. In elderly patients with 
unexplained weight loss, an evaluation for possible malignancies is indicated. 


Individuals with symptoms of hypothyroidism should be evaluated for primary 
causes such as Hashimoto thyroiditis, dyshormonogenesis, iodine deficiency, 
infiltrative diseases (e.g., amyloidosis, sarcoidosis), and transient subacute 
thyroiditis. Central hypothyroidism associated with secondary (te., 
hypopituitarism) and tertiary (1.e., hypothalamic disease) causes also should be 
excluded. Early symptoms such as constipation, fatigue, weight gain, and dry skin 
may be incorrectly attributed to aging. Common causes that should be considered in 
the differential diagnosis of hypothyroidism are included in Table 31-5. 


Table 31-5 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Thyroid Disorders 
Hypothyroidism 


¢ Autoimmune thyroiditis (e.g., Hashimoto disease) 

* Congenital cretinism (maternal induced) 

* Dyshormonogenesis (e.g., defect in hormone synthesis/ transport/action) 
* Deficiency of TSH (e.g., pituitary or hypothalamic dysfunction) 

* Goitrogens (e.g., cabbage/rutabagas/turnips) 

* latrogenic thyroid gland destruction (e.g., surgery/radiation) 

* Idiopathic atrophy 

* Jodine deficiency 


Hyperthyroidism 


* Choriocarc inoma2>! 


* Functional thyroid cancer metastases”! 


- Graves disease?! 
* Pituitary resistance to thyroid hormone 


- Thyroiditis?>! 


* Thyrotoxicosis factitia (self-administered thyroid hormone)? | 
¢ Toxic multinodular goiter 


* Toxic uninodular goiter (Plummer disease) 


¢ TSH-producing adenoma?! 


* Tumors (e.g., thyroid/pituitary/trophoblastic tumors/struma ovarii)”> 1 


TSH = thyroid-stimulating hormone. 
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Laboratory evaluation of thyroid function is also required for patients with 
suspected drug-induced thyroid disease. A serum TSH concentration is the single 
most important diagnostic test.'??73! A suppressed or undetectable serum TSH 
concentration along with elevated thyroid hormones is_ indicative of 
hyperthyroidism, whereas a suppressed or undetectable serum TSH concentration 
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with a normal T3 and FT, suggest subclinical hyperthyroidism.~”* Conversely, an 


elevated serum TSH and a low serum FT, concentration indicate hypothyroidism, 
while an elevated serum TSH and a normal serum FT, concentration without 


symptoms signifies subclinical hypothyroidism.!”? Thyroid diagnostic tests should 
be interpreted with caution in patients with unstable thyroid function or in the 
presence of hypothalamic-pituitary-thyroid axis abnormalities.!°? Before a 
diagnosis of drug-induced thyroid disease can be confirmed, nonthyroidal systemic 
illnesses and other causes associated with alterations in thyroid function tests must 
be excluded. A number of conditions can result in altered thyroid hormone 
metabolism and may even be present in patients who appear clinically euthyroid. 
The euthyroid sick syndrome is characterized by alterations in thyroid laboratory 
parameters without clinical disease. Such conditions may include malnutrition, 
fasting, infectious diseases, malignancy, surgery, chronic diseases (cardiac, 
pulmonary, renal, hepatic), acute psychiatric illness, and metabolic disorders (e.g., 
diabetes). Interpretation of laboratory findings in such settings may be difficult, and 
treatment should be directed at correction of the underlying illness. 

In circumstances in which serum TSH and FT, results are equivocal for the 
definitive diagnosis of hyperthyroidism, evaluation of serum total T, and FT, 
concentrations may be helpful. Medications that modify TSH secretion, alter 
thyroid-binding globulin (TBG), displace thyroid hormone from protein-binding 
sites, increase hepatic metabolism, decrease T,-to-T,; conversion, or impair T, 
absorption (Table 31-2) may confound interpretation of laboratory findings. In 
addition to medications, certain disease states can alter serum TBG concentrations. 
For example, patients with nephrotic syndrome may present with low total serum 
T, concentrations due to lowered serum TBG concentrations, but serum FT, and 
TSH concentrations often remain normal.*4 

Subclinical disease should always be considered in the differential diagnosis of 
drug-induced thyroid dysfunction. Management of subclinical hypothyroidism is 


controversial because the risks and benefits of treatment are not well understood.!”° 
Nonetheless, progression to overt hypothyroidism, can lead to significant health 


risks, such as hyperlipidemia and associated atherosclerotic complications.?** 
Patients with subclinical hyperthyroidism, especially the elderly, may be at 
increased risk of cardiovascular complications (e.g., atrial fibrillation) and 


osteoporosis. !”” 
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It can be difficult to differentiate between the types of amiodarone-induced 
hyperthyroidism. In general, serum TSH concentrations are suppressed and serum 
FT, concentrations are elevated. In type | amiodarone-induced thyrotoxicosis, 


increased thyroidal blood flow and hypervascularity are present on color-flow 
Doppler sonography. In contrast, type 2 amiodarone-induced thyrotoxicosis 1s 
characterized by decreased or normal thyroidal blood flow on sonography.7** A 
combination of type 1 and type 2 amiodarone-induced thyrotoxicosis can also 
occur, thereby making the diagnosis challenging. Elevations in serum interleukin-6 
concentrations also have been reported in type 2 disease, but changes are negligible 
in type 1.7°> The time to onset of amiodarone-induced hyperthyroidism is quite 
variable and may range from 1 to 24 months after initiation of therapy. !7°!7! 

Lithtum-induced thyroid changes may occur within a few weeks of therapy 
initiation but are most often observed after prolonged treatment.8”*®:!5° However, 
one study found no correlation between thyroid dysfunction and duration of 
treatment (1.e., thyroid function was similar in patients taking lithium for 10-20 
years and for more than 20 years).7°° 


Risk BACTURS 


Risk factors for drug-induced thyroid dysfunction are listed in Table 31-6.7°’ A 
personal or family history of thyroid disease or presence of thyroid antibodies 1s 
associated with an increased risk of drug-induced thyroid illness. Without normal 
thyroid adaptive mechanisms, excess iodine intake may result in hyperthyroidism, 
hypothyroidism, or goiter. The clinical presentation of drug-induced thyroid 
dysfunction is generally more severe in patients who already have an underlying 
thyroid condition. Autoimmune thyroiditis, such as Hashimoto disease, has been 
implicated as a risk factor.** Women are considered to be at greater risk for 
thyroid disease and drug-induced thyroid dysfunction. Partial thyroidectomy, pre- 
existing or new thyroid autoimmunity, a history of radioactive iodine 
administration, postpartum thyroid disease, and previous thyroid damage have been 
identified as risk factors for the development of drug-induced thyroid disease. 





Table 31-6 Risk Factors for Drug-Induced Thyroid 


Disorders2> 7 





¢ Current Thyroid Abnormality 
o Hashimoto thyroiditis 
o Thyroid autoimmunity 
o Partial thyroidectomy 

¢ Previous Thyroid Abnormality 
o Previous thyroid disease 
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o History of radioactive iodine administration 
o History of postpartum thyroid disease 

¢ Family History of Thyroid Disease 

* Female Sex 


Studies assessing risk factors for interferon o—induced thyroid dysfunction 
confirmed that female sex, white race, nonsmokers, presence of thyroid peroxidase 
antibodies before treatment, and patients with a history of thyroid disease are at the 
greater risk.7°?* Also, patients taking interferon a for hepatitis C are more likely 
to develop thyroid dysfunction compared to those with hepatitis B.746747 

Patients <62 years old may also be at increased risk of developing amiodarone- 
induced thyrotoxicosis.*4*>2 Additionally, patients with congenital heart disease 
taking amiodarone were more likely to experience amiodarone-induced 
thyrotoxicosis if their body mass index (BMI) was <21 or if a goiter was 
present.?>? Female sex and the presence of antithyroid peroxidase antibodies also 
have been associated with an increased risk of amiodarone-induced 
hypothyroidism.****>> 

Additional studies in lithitum-treated patients found that female sex, use of 
antidepressants and valproate sodium, younger age (<60 years), as well as elevated 
lithium serum concentrations may increase the risk of hypothyroidism.>°7°/ 


Nutritional deficiencies, malnutrition, and dietary goitrogens are other potential 
risk factors for the development of thyroid abnormalities. Foods that may be 
goitrogenic include chou moellier, cassava, sorghum, corn, millet, cabbage, kale, 
Brussel sprouts, cauliflower, kohlrabi, turnip, rutabaga, mustard, and horseradish. 


Iodine deficiency is the leading cause of goiter. National iodine 
supplementation programs are designed to protect populations against chronic 
iodine deficiency. Most industrialized countries provide dietary iodine 
supplements, and the World Health Organization has been active in promoting 
universal supplementation programs. Because of the possible effects of 
selenoenzymes on control of thyroid hormone metabolism, a diet low in selenium 
may be associated with increased serum T3, resulting in_ subclinical 


hyperthyroidism.”°8 In addition to thyroid disease associated with nutritional 
deficiencies, endemic goiter may result from consumption of foods rich in 
antithyroid substances such as cyanogenic glucosides, thioglucosides, thiocyanate, 
or goitrin. Goiter has occurred as a result of excessive direct or indirect (typically 
transferred through cow’s milk) exposure to these compounds. 


MORBIDITY AND MORTALITY 
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Drug-induced thyroid disease may result in clinical manifestations of 
hypothyroidism, hyperthyroidism, or goiter. Left untreated, overt hyperthyroidism 
may result in serious medical complications, including structural thyroid gland 
changes, osteoporosis, exaggerated hyperthyroidism symptoms, and cardiac 
complications such as dysrhythmias and heart failure, which may be associated 
with substantial morbidity and mortality. Severe, uncontrolled hypothyroidism can 
result in a decompensated thyroid state leading to hypothermia, biochemical 
abnormalities, respiratory failure, cardiovascular collapse, and myxedema coma, 
which can be fatal. A goiter, when substantially enlarged, may be cosmetically 
unacceptable and lead to respiratory distress and swallowing difficulties that, in 
some cases, can be relieved only by surgical intervention. 


PREVENTION 


Baseline laboratory tests and physical examination, including examination of the 
thyroid gland, should be performed in all patients receiving a drug with the 
potential to cause thyroid dysfunction (Table 31-1).4*° Except in patients who have 
an abnormal hypothalamic-pituitary-adrenal axis (e.g., those with Cushing 
syndrome or Addison disease), a baseline serum TSH concentration (and possibly 
a serum FT, determination) should suffice. In patients with pre-existing thyroid 
dysfunction, a risk-benefit assessment should be performed to determine the 
appropriateness of initiating therapy with any drug known to cause thyroid disease. 
During therapy, laboratory evaluation should be performed periodically, with the 
frequency based on the patient’s risk factors for thyroid disease and the likely 
seriousness of drug-induced thyroid disease should it occur. 

Patients receiving bexarotene therapy may benefit from monitoring of FT, for 
management of central hypothyroidism because serum TSH alone cannot reliably be 
used as an indicator of thyroid status.!° A cohort study of patients with multiple 
sclerosis taking interferon 8, reported an increased incidence of thyroid dysfunction 
and thyroid autoimmunity within the first year of treatment; therefore, monitoring 
during the first year is advised.*~? In addition, thyroid function should be assessed 
for at least 6 months after the discontinuation of interferon-based therapy.” 

In patients receiving therapy with amiodarone, interferon oa, or lithium, 
laboratory tests (e.g., TSH, FT4, thyroid antibodies) should be done at baseline and 
at 3- to 6-month intervals, and if symptoms occur or dosages are 
modified.°*!°°73!6! A case series reported six patients who experienced 
thyrotoxicosis more than 60 days after discontinuation of amiodarone, four of which 
received amiodarone for short-term therapy.*©* Additionally, one report noted 


amiodarone-induced thyrotoxicosis 6 months after treatment discontinuation.?°? 
These studies suggest the need for long-term monitoring of thyroid function tests 
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even after withdrawal of therapy.*°* When amiodarone-induced hyperthyroidism 
occurs, the American Thyroid Association and the American Association of 
Clinical Endocrinologists recommend conducting follow-up tests to determine if 
type 1 (iodine-induced) or type 2 (thyroiditis) hyperthyroidism is present.7*! A 
retrospective study also suggested the use of radioiodine (800 MBq [22 mCi]) as a 
preventative therapy for euthyroid patients who were hyperthyroid prior to starting 
amiodarone.” Although serum interleukin-6 concentrations may be elevated 
with destructive thyroid disease (e.g, type 2 amiodarone-induced 
hyperthyroidism), this test is not readily available or consistently helpful. 

Patients receiving alemtuzumab therapy should have laboratory assessments at 
baseline, every 2—3 months, or if the patient is symptomatic.*!> To detect 
hypothyroidism earlier, thyroid function should be monitored at the beginning of 
each sunitinib treatment cycle.!©*!*? Regular thyroid function monitoring in patients 
taking lenalidomide is recommended monthly or every 2 months.”°/-*°? In addition, 
patients taking carbamazepine should have thyroid function assessed monthly for 
the first 4 months and every 6-12 months thereafter.7””? Thyroid hormone 
concentrations should be monitored every 6-8 weeks in patients taking 
bevacizumab.7! 

A conservative approach to minimize the risk of potential complications is to 
use the lowest effective dose of drugs that may cause thyroid disorders for the 
shortest time possible. Because the onset of drug-induced thyroid disease is highly 
variable, routine laboratory monitoring, patient education, and vigilance for 
symptom onset are important components of disease surveillance. Specific 
strategies for prevention are summarized in Table 31-7. 


Table 31-7 Approaches to Help Prevent Drug-Induced Thyroid 


Disorders 


¢ Avoid drugs known to cause thyroid disorders 

¢ Avoid goitrogens 

* Consume a sufficient amount of iodine to prevent a low iodine state 

* Consume an adequate amount of selenium 

* Correct underlying thyroid abnormalities 

¢ Educate patients and families on the possible symptoms associated with drug-induced thyroid disease and 
need to promptly inform their healthcare providers of symptom occurrence 
Screen for thyroid abnormalities before initiating therapy and periodically thereafter 

* Use alternative therapies that are not associated with thyroid disease in high-risk patients when possible 





MANAGEMENT 
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In a patient with new-onset thyroid dysfunction, drugs with the potential to cause 
thyroid irregularities should be discontinued, if feasible. Resolution of the thyroid 
abnormality may require several months and, in some cases, the condition may be 
irreversible. Rechallenge with the offending agent should not be attempted unless 
medically necessary. If the drug cannot be discontinued or if the condition does not 
resolve after discontinuation, appropriate antithyroid therapy or thyroid hormone 
replacement may be required (Table 31-8). 





Table 31-8 Management of Drug-Induced Thyroid Disorders 


Hypothyroidism 


* Thyroid replacement (e.g., levothyroxine) 


a4 oe 


Adrenergic B-receptor blockers 
¢ Calctum-channel blockers 
* Glucocorticoids 
* Todides 
¢ Jodinated contrast media 
¢ Thioamides (e.g., methimazole, propylthiouracil) 
* Thyroidectomy 


Drug-induced hypothyroidism is best treated with levothyroxine. The initial 
dose should be 1.6—1.7 mcg/kg/day, and the dose should be titrated upward, as 
necessary, every 4-6 weeks until the patient 1s clinically and chemically euthyroid. 
Lower initial doses (e.g., 25 mcg) and a more gradual dosage escalation (12.5—25 
mcg every 6-8 weeks) may be necessary in the elderly and in those with clinically 
significant cardiovascular disease (e.g., angina, palpitations). Serum TSH and FT, 
concentrations should be determined after levothyroxine has reached a steady state 
(approximately 6—8 weeks after the initiation of therapy). 

For patients with amiodarone-induced hypothyroidism, levothyroxine 
requirements may be higher than usual due to inhibition of pituitary and peripheral 
conversion of T, to T;.!'® Managing amiodarone-induced hyperthyroidism is more 
complex because it is often difficult to distinguish between the two types of 
thyrotoxicosis. Antithyroid medications, such as methimazole or propylthiouracil, 
combined with potassium perchlorate often are used for the treatment of type 1 
amiodarone-induced hyperthyroidism as its underlying pathogenesis is related to 
the drug’s high iodine content, which results in excessive thyroid-hormone 
synthesis.*°!7/23!273 In contrast, type 2 amiodarone-induced hyperthyroidism is 
often unresponsive to the thioamides, and treatment with corticosteroids is most 
effective because of the underlying inflammatory process. !!72723!273.274 The dose 
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of prednisone (or equivalent doses of other corticosteroids) can range from 30 mg 
daily for 2 weeks followed by gradual tapering and discontinuation after 3 months 
of therapy to doses of 0.5 mg/kg/day until euthyroidism is restored.''’*” Baseline 
FT, and thyroid volume (measured by ultrasonography) appear to be independently 
useful in identifying patients at risk for delayed treatment response with 
corticosteroids.*’> Because of the potential for additive cardiac effects with 
amiodarone, adrenergic B-receptor blockers or calcium-channel blockers are 
typically not recommended for control of hyperthyroid symptoms. 


Results from studies of patients with amiodarone-induced hyperthyroidism 
suggest that there is no difference in the duration of thyrotoxicosis between patients 
who continue or temporarily discontinued amiodarone therapy.?’4?’°?’* This 
suggests that amiodarone may be continued in cases in which withdrawal could 
result in detrimental cardiac consequences, and the use of alternative antiarrhythmic 
agents is contraindicated.*’° Discontinuation of amiodarone does not result in 
complete resolution of thyroid abnormalities, and cases of amiodarone-induced 
hyperthyroidism have been reported several months after cessation of therapy.7’%78° 
In patients who require continued amiodarone therapy or who are nonresponsive to 
medical therapy, thyroidectomy can be considered for cosmetic or medical reasons, 
particularly dysphagia, respiratory difficulty, or voice alterations. !!7!!4231281-285 4 
case report also described the use of therapeutic apheresis prior to thyroidectomy 
to reduce thyroid hormone concentrations.*°° 


Radioactive iodine is typically not recommended because the gland is already 
iodine-loaded, thereby interfering with uptake and retention of radioactive iodine. 
In a recent study, the efficacy of radioiodine (RAI, 131-I) therapy for the 
management of type 2 amiodarone-induced thyrotoxicosis was compared between 
patients with a high or normal radioiodine uptake who received amiodarone in the 
past and patients with low radioiodine uptake currently taking amiodarone.”*’ This 
study found 131-I (22 mC1) to be an effective alternative option for patients unable 
to undergo thyroidectomy. However, death occurred in 10% of patients who had 
received amiodarone in the past compared to 44% in those with low radioiodine 
uptake who were currently receiving the drug. Several other studies that evaluated 
the use of radioiodine therapy for amiodarone-induced thyrotoxicosis in patients 
with low radioiodine uptake reported clinical benefit without any reported 
deaths.7888° A case report described a patient with Eisenmenger syndrome who 
developed amiodarone-induced thyrotoxicosis and was successfully treated with 
131-I (22 mCi) despite continuation of amiodarone therapy.?”° In a second report 
involving another patient with Eisenmenger syndrome, total thyroidectomy resulted 
in rapid resolution of thyrotoxicosis and an uncomplicated recovery, so that surgery 
was suggested as a treatment option for amiodarone-induced thyrotoxicosis.~”! 
Conversely, a retrospective analysis of amiodarone-induced thyrotoxicosis in 
patients with congenital heart disease found that thyrotoxicosis, particularly in 
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asymptomatic individuals, often can be managed without the need for surgical or 
medical intervention.?”’ 


B-blockers can be administered if needed for symptomatic relief in patients 
with interferon B—induced hyperthyroidism, although the disorder typically resolves 
spontaneously within weeks to several months after drug discontinuation. Clinical 
practice guidelines recommend attempting to identify the etiology of the interferon a 
or interleukin-2-induced hyperthyroidism (e.g., thyroiditis versus Graves disease) 
and to treat the patient accordingly.~*! Interferon a—-induced hypothyroidism is 
usually transient, resolving spontaneously within weeks to several months after 
drug discontinuation.!7* In patients with interferon a—induced hypothyroidism who 
are asymptomatic, T, therapy is often not necessary. If levothyroxine treatment is 


initiated, it should be discontinued 6 months after the cessation of interferon a 
therapy and thyroid status reevaluated to determine the need for continued 
replacement. Case reports have described the use of radioactive iodine as a 
treatment option for patients with interferon o—induced hyperthyroidism with mild 
Graves ophthalmopathy in which £-blockers and antithyroid medications are 
ineffective.7*77%* 


Iodine-induced hyperthyroidism should be treated with B-blockers either as 


monotherapy or as combination therapy with methimazole.7>! 


During the occurrence of lithtum-induced thyrotoxicosis, discontinuation of 
lithium is not recommended due to the potential for further exacerbation of 
thyrotoxicosis.7”>°4 However, several case reports have described patients 
experiencing resolution of thyrotoxicosis following lithium withdrawal.?”?”° 


INFORMATION FOR PATIENTS 


Individuals with a history of thyroid disease appear to be at increased risk for 
developing drug-induced thyroid complications. Patients who receive medications 
known to be associated with thyroid abnormalities should be taught to recognize 
and instructed to report symptoms of hypothyroidism, hyperthyroidism, or gland 
enlargement. Specifically, they should be advised to consult their primary 
healthcare providers if they experience fatigue, constipation, palpitations, 
nervousness, heat or cold intolerance, or any other new or unusual symptoms (Table 
31-4).19.239 Certain weight-loss preparations may contain thyroid hormones or 
excessive amounts of iodine.*”° Given that these preparations as well as some 
herbal and other alternative therapies have the potential to induce thyroid 
dysfunction or interfere with thyroid-related medications, their use without medical 
supervision should be discouraged. 
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a previous edition. 
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CHAPTER 32 


Hypothalamic, Pituitary, and Adrenal 
Diseases 


Andrew Y. Hwang, Steven M. Smith, and John G. Gums 


Drug-induced disorders of the hypothalamus, pituitary, and adrenal glands are 
difficult to classify because of the complex interrelationship of the various 
endocrine glands. Nonetheless, the most commonly reported are those caused by 
adrenocortical dysfunction and excess prolactin secretion by the anterior pituitary. 
Adrenal glands are responsible for the secretion of catecholamines and three 
hormones responsible for the regulation of some of the most vital processes in the 
body. Aldosterone, the main end product of mineralocorticoid production, is 
secreted preferentially by the zona glomerulosa and is responsible for electrolyte 
and volume homeostasis. The zona fasciculata is primarily responsible for 
glucocorticoid production, mainly cortisol, and controls fat, protein, and glucose 
metabolism. The zona reticularis is primarily responsible for production of the sex 
steroids (estrogen and testosterone) that control the development of primary and 
secondary sex characteristics. 


The pituitary gland, also known as the hypophysis, is under the control of the 
hypothalamus through direct nerve stimulation (posterior lobe) and by the actions of 
inhibitory and stimulating hormones (anterior lobe) such as thyrotropin-releasing 
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hormone and corticotropin-releasing hormone (CRH). The anterior lobe of the 
pituitary gland is responsible for the synthesis of growth hormone (GH), prolactin, 
luteinizing hormone, follicle-stimulating hormone, thyroid-stimulating hormone, and 
adrenocorticotropic hormone (ACTH). In addition, vasopressin, also known as 
antidiuretic hormone, and oxytocin are synthesized in neurons of the hypothalamus, 
stored in the posterior lobe of the pituitary, and released upon direct nerve 
stimulation. The complex interplay between the hypothalamus, pituitary, and 
adrenal glands is commonly referred to as the hypothalamic—pituitary—adrenal 


(HPA) axis (Figure 32-1). 
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FIGURE 32-1 Hypothalamus 


ACTH = adrenocorticotropin, CRH = corticotropin-releasing hormone, GH = growth hormone, FSH = follicle- 
stimulating hormone, LH = luteinizing hormone, PRL = prolactin, TSH = thyroid-stimulating hormone. 
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GLUCOCORTICOID EXCESS (CUSHING 





SYNDROME) 


In 1932, Cushing first described a syndrome of pituitary basophilism that attracted 
national attention. Until that time, no definitive diagnosis was available for patients 
with unexplained central obesity, striae, osteoporosis, weakness, hypertension, and 
diabetes mellitus. Daughaday discovered elevated steroids in the urine of patients 
with this clinical presentation, and the syndrome was at last correctly explained as 
an excess of cortisol in the plasma (hypercortisolism). 


CAUSATIVE AGENTS 


Specific drugs that have been reported to induce Cushing syndrome are listed in 
Table 32-1.!*° Prolonged or excessive administration of corticosteroids is the 
most common cause of drug-induced Cushing syndrome; these drug-induced cases 
can occur following administration of virtually any corticosteroid by any route.!- 
*4.41-43 Other drug-induced causes include progestins and ACTH administration. 


eee 


The incidence of drug-induced Cushing syndrome in the general population is 
unknown, although it likely substantially exceeds the estimated 1 to 3 cases per 
million person-years observed in persons with Cushing syndrome secondary to 
pituitary tumors or adrenal adenomas and carcinomas (collectively referred to as 
endogenous Cushing syndrome).“+* Approximately 2-5% of obese patients with 
uncontrolled type 2 diabetes and hypertension screen positive for Cushing 
syndrome, although scarce data exist to help differentiate the drug-induced disease 
from other causes. Nevertheless, the vast majority of Cushing syndrome cases are 
thought to be drug-induced, and the syndrome has been recognized with increased 
frequency as the use of glucocorticoids for a wide range of nonendocrine diseases 
has expanded. 


MECHANISMS 


Mechanisms for drug-induced Cushing syndrome are listed in Table 32-2. In vivo, 
glucocorticoid drugs resemble the naturally occurring glucocorticoid, cortisol, and 
bind with high affinity to specific cytoplasmic glucocorticoid receptors (GRs) 
found in virtually all tissues of the body. This binding induces a response by 
modifying transcription and ultimately by causing changes in protein synthesis that 
can produce adverse physiologic effects similar to those seen in classic Cushing 
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syndrome (hypercortisolism secondary to a pituitary tumor). Increased sensitivity to 
glucocorticoids may play a role in some cases of drug-induced Cushing syndrome, 
especially when the route of administration is expected to result in minimal 
systemic exposure.*° However, drug—drug interactions causing inhibition of the 
metabolism of glucocorticoids—particularly those with high first-pass metabolism 
such as fluticasone, budesonide, and mometasone—also may precipitate Cushing 
syndrome.>!! Medroxyprogesterone acetate (MPA) and megestrol acetate possess 
glucocorticoid-like activity and appear to induce Cushing syndrome through their 
ability to bind to GRs.*°?!4!? ACTH or drugs that stimulate ACTH release from 
the pituitary (e.g., y-hydroxybutyric acid) may also contribute through the direct 
stimulation of the adrenal glands to release endogenous glucocorticoids.” 


Table 32-1 Agents Implicated in Drug-Induced Cushing 






Syndrome 


Level of 
Evidence 








Incidence* b 


ORAL GLUCOCORTICOIDS 
Budesonide38 


Prednisolone | 





INHALED GLUCOCORTICOIDS 





Beclomethasone dipropionate3,4 NK B 
Budesonide3,9 NK B 
Fluticasone propionate2-7,10,11,39 NK B 
Mometasone furoate7 NK B 
Triamcinolone acetonide3 NK B 
NASAL GLUCOCORTICOIDS 


Fluticasone propionate5,8 


Fluticasone furoate11 





TOPICAL GLUCOCORTICOIDS 


Betamethasone 18 
Clobetasol propionate 13,14,16 
Dexamethasone 15 


NK 
NK 
NK 
NK 
Prednisolone acetate23,24 


Hydrocortisone butyrate 17 





Triamcinolone acetonide 12 NK C 


INJECTABLE GLUCOCORTICOIDS 


Triamcinolone acetonide 19-22,40 


PROGESTINS 
Medroxyprogesterone acetate26-28 


Megestrol acetate29-31 


OTHERS 


Corticotropin or adrenocorticotropic hormone32-37,c 


y-hydroxybutyric acid25 





NK = not known. 
aIncidence depends on dose and duration of exposure. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cUsed as a confirmatory test to stimulate cortisol release. 


Table 32-2 Mechanisms of Drug-Induced Cushing Syndrome 


Drug Mechanism 


Adrenocorticotropin hormone (corticotropin, ACTH)41 | Stimulates cortisol release from the zona fasciculata of 
the adrenal cortex 


y-hydroxybutyric acid25 Stimulates ACTH release from the pituitary gland 
Glucocorticoids46 Resemble the naturally occurring glucocorticoid, 
cortisol, and bind with high affinity to specific 
cytoplasmic glucocorticoid receptors 
Binding modifies transcription and causes changes in 


protein synthesis that can produce adverse physiologic 
effects 


Progestins29 Possess glucocorticoid-like activity and can bind to the 
glucocorticoid receptors 


ACTH = adrenocorticotropic hormone. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms of drug-induced Cushing syndrome are summarized in Table 


32-3.4!43:4 Common findings include progressive adiposity, dermopathies, 
myopathy, hypertension, insulin resistance (and corresponding elevations in 
glucose), hyperlipidemia, psychiatric changes, osteoporosis, gonadal and thyroid 
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dysfunction, and growth deceleration in children.*!*?4 Some features, such as 
increased intraocular pressure, cataracts, osteoporosis, and pancreatitis may be 
more prevalent with drug-induced Cushing syndrome; while other features such as 
hypertension, hirsutism, and amenorrhea may be more prevalent with the other 


etiologies.*” 


The biochemical diagnosis of Cushing syndrome relies on two steps: (1) 
confirming the presence of hypercortisolism and (2) identifying the underlying 
etiology of hypercortisolism. Hypercortisolism can be established using one or 
more of the following: the 24-hour urinary free cortisol test, the midnight serum 
cortisol test, the late-night salivary cortisol test, or the low-dose dexamethasone- 
suppression test.°2>’ Elevated urinary free cortisol values four times the upper 
limit of normal, late-night salivary cortisol >250 ng/dL, midnight serum cortisol 
>7.5 mcg/dL, or morning serum cortisol after low-dose dexamethasone suppression 
test >1.8 meg/dL strongly suggest Cushing syndrome.**7’ Midnight serum cortisol 
is often considered to be a second-line test, because admission to the hospital for 
48 hours prior to testing may be necessary to help avoid false positive responses 
secondary to the stress of hospitalization. An additional confirmatory test is the 
determination of the plasma ACTH concentration, where values <5 pg/mL confirm 


drug-induced Cushing syndrome.*?*7 


Table 32-3 Signs and Symptoms Associated with Drug-Induced 


Cushing Syndrome 





Signs and Symptoms Incidence* 
Central obesity 95% 
Moon-shaped face 90% 
Thin skin 85% 
Oligomenorrhea or amenorrhea 80% 
Hirsutism 75% 
Hypertension 75% 
Psychiatric mood changes 70% 
Easy bruising 65% 
Diabetes 60% 
Glucose intolerance 60% 
Proximal muscle weakness 60% 
Osteopenia or osteoporosis 50% 
Acne NK 
Buffalo hump NK 
Glaucoma, increased ocular pressure NK 
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Kyphosis 


Pancreatitis 





Striae 


NK = not known. 
aPrevalence related to general Cushing syndrome. 


The clinical manifestation of drug-induced hypercortisolism is often quite 
similar to endogenous causes of hypercortisolism, such as Cushing syndrome, thus 
requiring a careful history in combination with dynamic testing of the integrity of 
the HPA axis to arrive at a correct diagnosis. Drugs, stress, renal insufficiency, 
alcohol ingestion, obesity, pregnancy, sleep disorders, and psychiatric illness can 
interfere with the diagnostic tests, making it challenging to differentiate between the 
causes (Table 32-4).°*° Patients with drug-induced Cushing syndrome typically 
present with low 24-hour urinary free cortisol concentration, low serum cortisol 
concentration, and suppressed ACTH levels.*” Other significant laboratory findings 
in these patients may include presence of synthetic glucocorticoids in the urine, 
elevation of total cholesterol, high concentrations of very-low-density lipoprotein 
and triglycerides, hypokalemia, and low bone density as measured by dual x-ray 
absorptiometry.°>*’ 


Table 32-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Cushing Syndrome 





¢ Alcohol abuse 

¢ Diabetes mellitus (Type 2) 

* Metabolic syndrome 

* Nondrug-induced Cushing syndrome (e.g., Cushing syndrome) 
* Obesity 

* Pregnancy 

* Psychiatric illness 

* Renal insufficiency 

* Sleep disorders 

¢ Stress 





RISK FACTORS 


Risk factors for drug-induced Cushing syndrome are presented in Table 32- 
Prolonged use, especially at a high dose, of any drug(s) that can cause Cushing 
syndrome is a known risk factor. Although inhaled, nasal, and topical 
glucocorticoids are intended to minimize systemic absorption, high doses and 
incorrect administration may result in increased absorption sufficient to cause 
Cushing syndrome.'!**3 High doses of drugs that possess glucocorticoid-like 





5 43 
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activity may enhance GR binding, as seen with oral progestins (e.g., 200-400 mg of 
MPA or 160 mg of megestrol acetate).*°?! Additional risk factors for increased 
absorption of topical glucocorticoids include a broader area of coverage, high 
frequency of application, older patient age, and compromised skin integrity. '7348 


Table 32-5 Risk Factors for Drug-Induced Cushing Syndrome 


¢ Administration of drugs that inhibit the metabolism of glucocorticoids 

¢ Administration of high doses of offending agent 

* Prolonged duration of therapy 

* Use of high-potency glucocorticoids 

* Use of topical glucocorticoids in patients with broken or atrophic skin and in infants 





Administration of high-potency glucocorticoids or drugs with a high affinity for 
GRs is another known risk factor for drug-induced Cushing syndrome. Of the 
available inhaled corticosteroids (ICS), fluticasone is considered the most potent, 
exhibiting prolonged drug retention at receptors in both blood and systemic 
tissues.*> Clobetasol is one of the most potent topical glucocorticoids and, when 
used in high doses and for prolonged periods, has been reported to induce Cushing 


syndrome.*8? 


Coadministration of potent inhibitors of the Cytochrome P450 (CYP450) 
isoenzyme family with glucocorticoids metabolized by these isoenzymes can lead 
to hypercortisolism via increased binding to the GRs. Cases of drug-induced 
Cushing syndrome have been reported when normal doses of inhaled fluticasone 
are coadministered with ritonavir and itraconazole, known inhibitors of fluticasone 


metabolism.**!! Cushingoid features also may develop in poor metabolizers of 


corticosteroids even when administering normal doses.*° 


MORBIDITY AND MORTALITY 


Persons with overt but incompletely controlled endogenous Cushing syndrome have 
a fivefold increased risk of mortality relative to those with controlled Cushing 
syndrome.*> Although the incidence of death due to drug-induced Cushing 
syndrome, per se, is unknown, it likely carries a lower risk than endogenous 
Cushing syndrome given that most cases are reversible following discontinuation of 
the causative agent. Cardiovascular complications have traditionally been regarded 
as the major contributor to morbidity and mortality in patients with Cushing 
syndrome and usually stem from uncontrolled blood pressure, glucose 
concentrations, and weight gain.°>*“4 However, osteoporosis, fractures, 
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thromboembolic events, and psychiatric illnesses are also common if 
hypercortisolism is not corrected.>74 


PREVENTION 


Approaches to help prevent drug-induced Cushing syndrome are presented in Table 
32-6. Minimizing the risk factors presented in Table 32-5 may prevent drug- 
induced Cushing syndrome.*? When administering agents with the potential to 
induce Cushing syndrome, practitioners should make every effort to use the lowest 
effective dose for the shortest period of time. In addition, concurrent administration 
of agents that reduce glucocorticoid metabolism should be avoided. 


Inhaled and intranasal glucocorticoid administration can minimize systemic 
absorption and may help prevent Cushing syndrome. Topical glucocorticoids can 
produce desired pharmacologic effects without associated systemic adverse 
effects, although caution is advised in patients with broken skin or when occlusive 
dressings are required. The administration of glucocorticoids in the form of enemas 
may obviate the need for systemic glucocorticoids in patients with inflammatory 
bowel disease. Practitioners should be aware of these and other alternatives to 
systemic glucocorticoid therapy. 


Table 32-6 Approaches to Help Prevent Drug-Induced Cushing 


Syndrome 





¢ Avoid drug—drug interactions (e.g., CYP mhibitors) that will increase plasma concentrations of the offending 
agent 

* Use alternative route of administration to minimize systemic absorption 

* Use lowest effective dose and avoid prolonged use of offending agent 


MANAGEMENT 


The first and most important step 1n managing drug-induced Cushing syndrome is 
discontinuation of the offending agent when feasible. If the patient has been 
receiving a supra-physiologic dose of glucocorticoids (>7.5 mg daily of prednisone 
or its equivalent), that dose must be slowly tapered to a physiologic dose, often 
over months, to avoid precipitating adrenal insufficiency. After a physiologic dose 
has been achieved, the patient should continue to have the dose slowly tapered until 
the HPA axis has returned to normal function, which may take up to | year. Morning 
serum cortisol may be used to test for HPA axis integrity. Glucocorticoid 
replacement may be discontinued when cortisol plasma concentration is >20 
mcg/dL. In cases in which alternative therapy is not an option and continued steroid 
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treatment is required, strategies to reduce inhibition of the HPA axis should be 
considered, including the use of alternate-day dosing schedules (e.g., alternating 
between “on” and “off’ days), the use of a less potent glucocorticoid, and 
nonsystemic routes of administration.°°>2 


INFORMATION FOR PATIENTS 


Patients receiving long-term glucocorticoid therapy by any route of administration 
should be informed about the signs and symptoms of Cushing syndrome and advised 
to contact their pharmacist or physician if any of these develop. Because 
development of Cushingoid features is often insidious, periodic review and 
comparison between old and new photographs can be helpful in identifying 
physical changes when Cushing syndrome is suspected. The potential dangers of 
using higher doses than prescribed should also be discussed with patients in an 
effort to prevent supra-physiologic concentrations of glucocorticoids. Patients 
should also be instructed not to abruptly discontinue glucocorticoid therapy to 
avoid occurrence of adrenal crisis that can be a life-threatening problem in patients 
who have suppression of the HPA axis. Appropriate medication administration 
instructions should also be provided to patients taking or using any corticosteroid 
preparation to help minimize systemic exposure. Consultation points can include 
proper inhaler technique and avoidance of applying topical corticosteroids to 
nonintact skin. 


SECONDARY ADRENAL INSUFFICIENCY 


Hypocortisolism is the hallmark of adrenal insufficiency, which can be separated 
into two categories: primary and secondary. Primary adrenal insufficiency, 
commonly referred to as Addison disease, is caused by the inability of the adrenal 
cortex to produce cortisol, aldosterone, and androgens while the preceding 
components of the HPA axis remain functional. Because of the reduced negative 
feedback on the hypothalamus and pituitary, CRH and ACTH plasma concentrations 
are elevated in primary adrenal insufficiency. Secondary adrenal insufficiency 
(SAI) often results from exogenous glucocorticoid use, which suppresses the HPA 
axis, decreases ACTH release, and impairs cortisol and androgen production. In 
SAI, CRH and ACTH concentrations are usually low and aldosterone production is 
typically preserved. 


Primary and secondary adrenal insufficiency share many clinical features 
related to hypocortisolism. In primary adrenal insufficiency, increased CRH 
stimulates release of melanocyte-stimulating hormone. Both melanocyte-stimulating 
hormone and ACTH cause melanocytes to form melanin in the skin’s epidermis, 
leading to hyperpigmentation, a characteristic trait of Addison disease. In addition, 
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patients with primary adrenal insufficiency more commonly experience electrolyte 
abnormalities, especially hyperkalemia. These clinical findings are usually absent 
in drug-induced SAI. 


CAUSATIVE AGENTS 


Drugs that have been reported to suppress the HPA axis and cause SAI on 
discontinuation are listed in Table 32-7,°:!5-!1721,22.27-3039-4143,50-77 The most 
common cause of drug-induced SAI is exogenous glucocorticoid, with clinical 
manifestations of the disorder occurring on abrupt withdrawal of these agents. 
Medications used for the treatment of Cushing syndrome, including ketoconazole, 
etomidate, and mitotane, have also been implicated in drug-induced SAI. 


EPIDEMIOLOGY 


SAI has an overall estimated prevalence of 150—280 cases per 1 million persons. 
Excessive glucocorticoid therapy induces atrophy of pituitary corticotroph cells 
and is thought to be the primary cause of this disorder, with an estimated 
prevalence of 20-50% among patients taking exogenous glucocorticoids for longer 
than 1 year.’”®° Drug-induced SAI is usually only clinically relevant during or after 
glucocorticoid withdrawal, although a few other mechanisms have been identified 
(see below). Higher glucocorticoid doses administered over longer periods (>7.5 
mg of prednisone or equivalent for >3 weeks) are often implicated in SAI, but 
patient response is highly variable, and HPA axis suppression may occur with any 
dose or duration of therapy.*? As with Cushing syndrome, glucocorticoid 
administration via virtually any route may suppress the HPA axis.°*!9-!7.21.22,41.43,50- 
°8 In most patients, adrenal function returns to normal within 14 days after 
glucocorticoid withdrawal.*! In a minority of patients with drug-induced SAI due to 
corticosteroid use, normalization of the adrenal gland may take up to 1 year.*?*? In 
other drug-induced causes where the adrenocortical tissue is destroyed, 
hypofunction of the adrenal glands may be permanent. 
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MECHANISMS 


Mechanisms of drug-induced SAI are listed in Table 32-8. Drug-induced SAI is 
characterized by a reduction in ACTH secretion from the pituitary gland, resulting 
in atrophy of the adrenal cortex. A low endogenous cortisol concentration is not 
clinically manifest if glucocorticoid activity is supplemented through exogenous 
glucocorticoid administration. However, when exogenous glucocorticoid therapy is 
abruptly stopped or when the patient is exposed to stressful stimuli (e.g., surgery, 
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trauma, infection), adrenal suppression becomes clinically apparent because of the 
inability of the adrenal cortex to mount a sufficient cortisol response. 

Sustained negative feedback activity on GRs in the anterior pituitary gland and 
hypothalamus, as occurs with high-dose and prolonged exogenous glucocorticoid 
administration, may lead to prolonged suppression of CRH, which in turn, 
suppresses ACTH release from the anterior pituitary and results in a lack of 
adrenal secretion of cortisol.*!:7°.*3 

Numerous studies have documented the ability of inhaled and _ nasal 
glucocorticoids to suppress the HPA axis, especially when administered in high 
doses or when combined with inhibitors of CYP450 3A4.°>°>7*4 At recommended 
doses, however, inhaled and nasal glucocorticoids rarely suppress adrenal 
function. Topical, intra-articular, intradermal, intramuscular, intralesional, and 
paraspinal administration of glucocorticoids have also been implicated in SAI.!* 
17,2122,58 Patients with compromised skin integrity who use high-potency topical 
glucocorticoids (e.g., clobetasol propionate) may be at higher risk for SAI.!*-!74958 





Table 32-7 Agents Implicated in Drug-Induced Adrenal 






Insufficiency 
Level of 
Incidence* Evidence” 
ORAL GLUCOCORTICOIDS 
Dexamethasone50 
Prednisone50 





INHALED GLUCOCORTICOIDS 





Beclomethasome dipropionate3,53 NK B 
Budesonide3,51 NK B 
Fluticasone propionate3,5,6,39,46 NK B 
Mometasone furoate7 NK B 
Triamcinolone acetonide3 NK B 
NASAL GLUCOCORTICOIDS 


Beclomethasome dipropionate56 


Fluticasone propionate5,50 





TOPICAL GLUCOCORTICOIDS 


Betamethasone 18 


Clobetasol propionate 13,14,16 





Dexamethasone 15 
Hydrocortisone butyrate 17 


Prednisolone acetate24 





Triamcinolone acetonide 12 





INJECTABLE GLUCOCORTICOIDS 


Triamcinolone acetonide? 1,22,40 


PROGESTINS 
Medroxyprogesterone acetate27,59,60 


Megestrol acetate30,61,62 








OTHERS 

Etomidate66,67,c NK B 
Fentanyl74 NK C 
Flunitrazepam75,d C 
Hydromorphone73 NK C 
Ketoconazole63-65,c NK B 
Mirtazapine72 NK B 
Mitotane68,c C 


NK = not known. 
aIncidence depends on dose and duration of exposure. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cUsed as medical treatment for hypercortisolism. 


dNot approved for use in the United States, but it is sometimes acquired illegally for recreational use. 


When administered at high doses, progestins or progestin analogs also may 
suppress the HPA axis. These agents, specifically MPA and megestrol acetate, 
possess glucocorticoid-like activity thought to be due to existing cross-reactivity 


within this family of steroid receptors.7’°°>*? Ketoconazole, etomidate, mitotane, 
and other agents used to treat Cushing syndrome interfere with cortisol synthesis 


leading to lower circulating endogenous cortisol.*!**-°? Mitotane also possesses 
cytotoxic properties and can cause atrophy of the adrenal cortex, mostly affecting 


the zona fasciculata and zona reticularis.*! Thus, production of endogenous cortisol 
and sex hormones may be affected, while production of aldosterone is usually 


spared.®° Rifampin, phenytoin, and phenobarbital may suppress the axis by inducing 
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CYP450 isozymes responsible for cortisol metabolism.*!:”-”! Mirtazapine appears 


to cause adrenal suppression by antagonizing central 5-hydroxytryptamine, 
receptors responsible for the stimulation of cortisol secretion.’? Opioids inhibit 
CRH release by binding to hypothalamic 5- and «-opiate receptors.’*:/4 Certain 
benzodiazepines may inhibit pituitary response to CRH.”° 


Table 32-8 Mechanisms of Drug-Induced Secondary Adrenal 


Insufficiency 





Drug Mechanism 

Etomidate66 Inhibits 17o-hydroxylase and 11o-hydroxylase, resulting in reduced cortisol 
synthesis 

Fentanyl74 Inhibit pituitary response to CRH 

Flunitrazepam75 

Glucocorticoids78,83 Sustained stimulation of the negative feedback effect on GRs in the anterior 
pituitary gland and hypothalamus leads to prolonged suppression of CRH, 
which in turn suppresses ACTH release from the anterior pituitary and 
results in a lack of adrenal secretion of cortisol. 

This process is also referred to as suppression of the HPA axis. 

Hydromorphone73 Inhibits CRH release through binding to hypothalamic 6- and n-opiate 
receptors 

Ketoconazole63,64 Inhibits cholesterol side-chain cleavage and cytochrome P450 enzymes, 17a- 
hydroxylase and 17,20-lyase, resulting in reduced cortisol synthesis 

Mirtazapine72 Antagonizes central 5-hydroxytryptamine and/or histamine receptors, 
resulting in decreased CRH release, ACTH secretion, and cortisol release 

Mitotane4 1,68 Inhibits 11a-hydroxylase, 18-hydroxylase, 3a-hydroxylase, and cholesterol 
side-chain cleavage, resulting in reduced cortisol synthesis 

Degenerates cells within the zona fasciculata and reticularis; the zona 

glomerulosa can be affected with long-term treatment 

Progestins59,61 Suppress HPA through their ability to bind to the GR 

Rifampin70,71 Induces cytochrome P450 isoenzymes responsible for cortisol metabolism 


ACTH = adrenocorticotropic hormone, CRH = corticotropin-releasing hormone, GR = glucocorticoid receptor, 
HPA = hypothalamic—pituitary—adrenal. 


CLINICAL PRESENTATION AND DIFFERENTIAL 


DIAGNOSIS 


Signs and symptoms associated with drug-induced SAI are presented in Table 32- 
9,77,78.82,8386 Patients may present with abnormal laboratory values such as 
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hyponatremia, hypoglycemia, mild normocytic anemia, lymphocytosis, and mild 
eosinophilia. Table 32-10 lists conditions that must be considered in the 
differential diagnosis of drug-induced SAI.’”* Rarely, acute adrenal insufficiency 
may be life-threatening. Patients with this disorder may exhibit severe hypotension 
or hypovolemic shock, hypoglycemia, acute abdominal pain, vomiting, and 
fever.8286 

The laboratory diagnosis of adrenal insufficiency involves measurement of 
early morning plasma cortisol concentration as well as dynamic testing.’”7?*?*° 
Adrenal insufficiency can be ruled out by measuring a plasma cortisol 
concentration between 7 and 9 a.m. A concentration of <3 mcg/dL (100 nmol/L) is 
indicative of adrenal insufficiency, and a concentration of >18 mcg/dL (500 
nmol/L) rules out the disorder.’”’88’ Dynamic testing is required for patients with a 
cortisol concentration between 3 and 18 mcg/dL and can be useful in determining 
the cause of the disease. Dynamic tests include the insulin-tolerance test, 
metyrapone test, ACTH stimulation test, and CRH stimulation test. 7~79-52:83.86.88 


The insulin-tolerance test 1s considered the standard for the evaluation of SAI 
because hypoglycemia in normal subjects results in rapid activation of the HPA 
axis.’//883.88 This test is labor-intensive, with patients requiring constant 
supervision by a medical professional because a serum glucose of <40 mg/dL and 
symptoms of hypoglycemia are required elements of the test. The insulin-tolerance 
test is contraindicated in patients >60 years of age, those with cardiovascular 
disease, and those with a history of seizures.’”"’* An ACTH stimulation test is often 
preferred because of its ease of use and relatively high correlation with the insulin- 
tolerance test. Patients are given 250 mcg of synthetic ACTH (cosyntropin) 
intravenously or intramuscularly, and serum cortisol concentrations are measured at 
baseline and 60-90 minutes after the injection. An increase in the cortisol 
concentration to >18 mcg/dL at 60—90 minutes rules out adrenal insufficiency. In 
several studies, doses of 0.5 mcg or | mcg instead of the customary 250 mcg dose 
of synthetic ACTH have been effective in stimulating a cortisol response and are 
associated with higher sensitivity in identifying patients with subtle SAI. Because 
cortisol secretion can vary throughout the day, the test should ideally be done in the 
morning to ensure optimal sensitivity and specificity.°? Studies also suggest that 
cortisol concentrations should be obtained at 30-60 minutes for the low-dose 
test.’”-”°*283 The CRH stimulation test also correlates well with the insulin- 
tolerance test in patients with SAI, but it is less standardized and is costly.’””?*?* 


Table 32-9 Signs and Symptoms Associated with Drug-Induced 
Secondary Adrenal Insufficiency 














Incidence* 





Signs and Symptoms 
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Weakness or fatigue 100% 


Weight loss or anorexia 100% 
Hypotension or postural hypotension 88-94% 
Gastrointestinal symptoms (abdominal cramps, nausea, diarrhea, vomiting) 92% 
Hyponatremia 88% 
Myalgia or arthralgia 6-13% 
Anemia, lymphocytosis, eosinophilia NK 
Hypoglycemia NK 
Vitiligo NK 


NK = not known. 
aPrevalence related to general adrenal insufficiency. 


Table 32-10 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Secondary Adrenal Insufficiency 


¢ Addison disease 

¢ Anemia 

* Chronic fatigue syndrome 

* Chronic heart failure 

¢ Liver disease 

¢ Myopathies 

* Neuropsychiatric weakness 

* Pigmentation disorders 

¢ Syndrome of inappropriate antidiuretic hormone 


RISK FACTORS 


Specific risk factors associated with drug-induced SAI are presented in Table 32- 
11.34149,49.82,90 Because this disorder is often a result of the exogenous 
administration of glucocorticoids, risk factors for SAI and Cushing syndrome are 
very similar; however, differences exist in terms of the precipitating event (e.g., 
continued use versus abrupt withdrawal of corticosteroids) that leads to the clinical 
syndrome. 

In contrast to the use of standard doses, administration of high doses of inhaled 
and intranasal glucocorticoids have been associated with a higher incidence of 
adrenal suppression.*>!~2>°? Specifically, ICSs such as beclomethasone 
dipropionate, budesonide, and triamcinolone acetonide at doses >1.5 mg/day and 
fluticasone propionate at a dose >0.75 mg/day caused marked adrenal 
suppression.” Likewise, topical glucocorticoids administered at high doses are 
associated with a higher risk of adrenal suppression.” 
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Table 32-11 Risk Factors for Drug-Induced Secondary Adrenal 


Insufficiency 





¢ Inthe setting of abrupt glucocorticoid withdrawal 

o Administration of high doses 

o Prolonged duration of therapy 

o Use of high-potency glucocorticoids 

o Administration of drugs that inhibit the metabolism of endogenous and exogenous glucocorticoids 
* Concomitant diseases (e.g., hypothyroidism, acquired immunodeficiency syndrome) 
* Physical stress (stressful situation, surgery, infection, trauma) 


High levels of systemic absorption can contribute to adrenal suppression with 
glucocorticoids, and the degree of CRH suppression is proportional to the amount 
of circulating cortisol or cortisol-like compounds. Because of rapid and extensive 
systemic absorption, the long-term (>3 week) use of oral glucocorticoids may 
induce significant adrenal suppression regardless of the dose administered.°4?*? 
ICSs are intended to limit systemic absorption through local deposition in the lung 
and high first-pass metabolism of any swallowed drug. However, 60% to 90% of 
the ICS dose may be swallowed and available for gastrointestinal absorption, and 
systemic absorption of small ICS particles may occur via lung alveoli.”! Therefore, 
the risk of SAI from ICSs with high first-pass metabolism (e.g., fluticasone, 
mometasone) may be increased with drugs that inhibit the metabolism of 
glucocorticoids (e.g., ketoconazole, ritonavir) and when step-down therapy is not 
practiced following the reversal of airflow obstruction and inflammation. 

Use of high-potency glucocorticoids increases the risk of drug-induced SAI. A 
list of commonly used orally administered glucocorticoids, according to relative 
potency, can be found in Table 32-12. In a meta-analysis of 21 studies examining 
ICS potencies, inhaled fluticasone exhibited significantly greater dose-related 
adrenal suppression as compared with inhaled beclomethasone, budesonide, or 
triamcinolone.* In another study, inhaled mometasone showed similar adrenal 
suppression at medium and high doses as compared with inhaled fluticasone.” 
Levin and Maibach identified the use of high-potency topical glucocorticoids such 
as clobetasol propionate as a risk factor for mild or reversible adrenal 
suppression.°® Other risk factors for SAI associated with topical administration of 
glucocorticoids include prolonged duration of treatment, use on thin or damaged 
skin, and use in children and infants.>® 
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Table 32-12 Pharmacologic Characteristics of Orally Administered Glucocorticoids 


Relative Anti-inflammatory 
Potency 






Approximate Half-Life 
Dose Equivalent (mg) (min) 





Glucocorticoid 
LOW POTENCY 


Cortisone 








Hydrocortisone 


MEDIUM POTENCY 





60 
200 


Prednisone 5 
ts) 
4 300 
4 


Prednisolone 








Triamcinolone 
Methylprednisolone 5 180 


HIGH POTENCY 





Betamethasone 100-300 


100-300 








Dexamethasone 





Most cases of adrenal crisis in those with chronic SAI occur because of 
reduction of the glucocorticoid dose or as a result of failure to adjust 
glucocorticoid-replacement doses properly in the presence of  stressors.”® 
Concomitant diseases (e.g., hypothyroidism, acquired immunodeficiency syndrome) 
may impair the central response to stress and cortisol secretion and are also risk 
factors for the development of adrenal insufficiency.*° 


MORBIDITY AND MORTALITY 


As discussed above, drug-induced SAI is aecommanel by a constellation a 
nonspecific and usually non-life-threatening symptoms such as fatigue, anorexia, 
asthenia, weight loss, abdominal pain, nausea, vomiting, and weakness. However if 
unrecognized and untreated, SAI can be a fatal disorder because of the risk of 
circulatory collapse.*° 








PREVENTION 


Methods to prevent drug-induced secondary adrenal insufficiency are presented in 
Table 32-13. Drug-induced SAI may be prevented by minimizing the risk factors 
associated with drug-induced adrenal insufficiency (Table 32-11). Practitioners 
should make an effort to use the lowest possible dose of agents that are known to 
suppress the HPA axis. This can be accomplished by using a step-down approach 
when symptoms resolve and by not exceeding the dose limits for the selected agent. 








Table 32-13 Approaches to Help Prevent Drug-Induced 





Adrenal Insufficiency 
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¢ Avoid abrupt withdrawal of glucocorticoids (e.g., nonadherence, quick dose tapers upon discontinuation) 

¢ Avoid drug—drug interactions (e.g., CYP inducers) that will decrease concentrations in patients on therapy 
with corticosteroids 

* Double or triple oral glucocorticoid dose during times of severe physical stress (e.g., febrile illness or injury, 
surgery) 

* Use topical or inhaled agents, as appropriate to minimize glucocorticoid systemic absorption 

¢ Use a spacer to minimize swallowed glucocorticoid after metered-dose inhaler 

* Use lowest effective dose of offending agent 

¢ Use step-down therapy with inhaled corticosteroid after pulmonary obstruction and inflammation subside 


Because glucocorticoid requirements are increased during times of stressful 
events, patients should be instructed to double or triple their oral glucocorticoid 
dose during febrile illness or injury. Patients may also be supplied with and 
instructed regarding the proper use of hydrocortisone intramuscular injections for 
emergency use. In some nonsevere cases where patients are experiencing nausea or 
vomiting, the glucocorticoid can be given in the form of rectal suppositories. ’*”° 

The use of a spacer attached to a metered-dose inhaler may reduce the amount 
of drug that is swallowed and therefore decrease gastrointestinal absorption,®? 
particularly for ICSs with lower first-pass metabolism. For higher-potency ICSs 
(e.g., fluticasone), appropriate administration, use of a spacer, and using the lowest 
possible maintenance dose may help reduce the risk of SAI.”! 


MANAGEMENT 


Because drug-induced SAI is often due to the inappropriate withdrawal of 
glucocorticoids, replacement with glucocorticoids is generally the treatment of 
choice to correct the resultant adrenal crisis. In other cases of drug-induced SAI, 
identification of the offending medication is usually the first step, and 
discontinuation of the offending medication or substitution of an appropriate 
therapeutic alternative should be considered. In patients with chronic SAI or in 
those where discontinuation of the offending medication is not possible, treatment 
should be guided by replacement with physiological doses of glucocorticoids 
(Table 32-14). 








Table 32-14 Management of Drug-Induced Secondary Adrenal 





Insufficiency 


* Discontinue offending agent and initiate appropriate therapeutic alternative 

* Taper slowly, if necessary, depending on agent being discontinued (e.g., glucocorticoids, progestins) 

* If glucocorticoid replacement is required, the usual dose of hydrocortisone is 15—20 mg/day and that of 
prednisone 5—7.5 mg/day (one half to two thirds of the dose may be given in the morning) 
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Glucocorticoid replacement usually involves the administration of two or three 
daily doses. On average, the healthy adult produces approximately 10-30 mg of 
cortisol per day, with the peak concentration occurring around 8:00 a.m. This 
cortisol concentration is equivalent to approximately 15—20 mg of hydrocortisone 
or 5—7.5 mg of prednisone every day. One half to two thirds of the dose may be 
given in the morning to mimic the normal diurnal variation of cortisol.’*?? 
Hydrocortisone and prednisone are preferred over agents with longer half-lives, 
such as prednisolone, triamcinolone, dexamethasone, and betamethasone, because 
the former agents may allow the HPA axis more opportunity to recover and 
appropriately release CRH and ACTH based on the body’s need for 
cortisol.49:7882,86 


Minor abnormalities discovered on dynamic testing should be treated only in 
the presence of symptomatic adrenal insufficiency. Testing should be performed on 
any patient who reports suggestive symptoms or on any child whose growth 
velocity is slowed. The lowest effective dose of glucocorticoid should be used, 
and dosing should be guided by symptomatic management of fatigue and other 
symptoms as described in Table 32-9./7-78.° 


Because suppression of the HPA axis is a major concern only when exogenous 
glucocorticoids are withdrawn, practitioners should avoid abruptly stopping oral 
glucocorticoids taken for longer than 14 days. A variety of recommendations for 
steroid tapering are available; however, no consensus exists regarding the best 
approach.*! In general, for patients who have been taking long-term steroid 
therapy, the steroid should be gradually withdrawn toward physiologic doses over 
months. As the steroid dose approaches physiologic levels, the taper should be 
slowed and the patient monitored for HPA axis function. The primary modes to test 
HPA axis integrity are the ACTH test, either high- or low-dose, or measurement of 
a morning serum cortisol level.*!*? A normal morning serum cortisol concentration 
(>20 mcg/dL) or a normal ACTH test indicates that daily steroid maintenance 
therapy is not needed. If the morning serum cortisol concentration is between 3 and 
20 mcg/dL, an ACTH test or an CRH stimulation test may be useful in the 
assessment of pituitary—adrenal function.47 A morning cortisol concentration <3 
mcg/dL indicates axis suppression and the need for continued replacement therapy. 
Caution should be used to prevent disease exacerbation during the steroid taper and 
the resultant need to treat the patient with another course of high-dose 
corticosteroids.*! 


Adrenal crisis has been reported after the discontinuation of MPA and 
megestrol acetate; therefore, tapering is also recommended for patients receiving 
these agents. Although adrenal suppression can occur in patients receiving inhaled, 
intranasal, and topical glucocorticoids, supplementation during periods of stress 
and/or tapering of doses prior to complete discontinuation is usually not needed.>® 
Due to the direct cytotoxic effects on the adrenal cortex, therapy with mitotane may 
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require replacement with both glucocorticoids and sex hormones, although data 
regarding management of mitotane-induced adrenal insufficiency are sparse.*° 


INFORMATION FOR PATIENTS 


Patients receiving long-term inhaled, topical, and oral glucocorticoids should be 
educated regarding the signs and symptoms associated with SAI and instructed to 
contact their healthcare provider if these develop. The importance of adherence to 
long-term therapy with glucocorticoids should be addressed with patients in an 
effort to prevent any abrupt withdrawal leading to adrenal crisis. Patients should 
carry an information card with details about their current treatment and instructions 
for emergency treatment, including instructions on doubling or tripling the 
glucocorticoid dose during febrile illness or injury and using alternative routes of 
administration during vomiting.’””*> Patients should be instructed to rinse their 
mouth after administration of an ICS to minimize side effects (e.g., thrush, 
hoarseness) as well as to decrease systemic absorption from oropharyngeal 
deposition. Lastly, patients should be educated to not use topical glucocorticoids on 
thin skin areas (e.g., eyelid, scrotum), on broken skin, or over large surface areas. 


DRUG-INDUCED HYPERPROLACTINEMIA 


The regulation of prolactin is unique among the anterior pituitary hormones. 
Prolactin is regulated through hypothalamic inhibition, with dopamine as the main 
inhibitory factor. As a result, drug-induced hyperprolactinemia may occur with any 
drug that inhibits the action of dopamine in the central nervous system. 


CAUSATIVE AGENTS 


Specific drugs that have been reported to induce hyperprolactinemia are listed in 
Table 32-15.%*'*” Conventional first-generation antipsychotics have been 
frequently associated with drug-induced hyperprolactinemia. Atypical, or second- 
generation, antipsychotics were developed to minimize side effects seen with first- 
generation antipsychotics; however, these medications are still associated with 
some risk for hyperprolactinemia. Risperidone is known to cause 
hyperprolactinemia more frequently than other atypical antipsychotics. Additional 
medications that have been implicated in causing hyperprolactinemia include 
antidepressants, antihypertensive agents, and gastrointestinal motility drugs. 


EPIDEMIOLOGY 


1394 


Hyperprolactinemia is the most common endocrine disorder of the HPA axis, with 
an estimated prevalence of 0.4% in the normal adult population and as high as 9% 
among women with amenorrhea.!48 The prevalence is approximately 5% among 
men presenting with impotence. The highest prevalence is among women with 
amenorrhea and galactorrhea, at 70%.'48 The incidence of drug-induced 
hyperprolactinemia is unknown. 


MECHANISMS 


Mechanisms of drug-induced hyperprolactinemia are listed in Table 32-16. 
Prolactin secretion by the lactotroph cells of the anterior pituitary is controlled by 
the inhibitory effect of the hypothalamus through one or more prolactin inhibitory 
factors (PIFs). Dopamine is the main physiologic PIF; therefore, any drug that is 
associated with inhibition of dopamine release or action can induce 
hyperprolactinemia. Antipsychotics and antiemetics with strong dopamine-receptor 
(D,) blockade such as the phenothiazine derivatives, haloperidol, and 
metoclopramide work through this mechanism and have traditionally been reported 
to cause hyperprolactinemia.2497:!07-109.116-125,136,147,149 


Serotonin is a_ strong stimulator of prolactin secretion; therefore, 
antidepressants that inhibit the reuptake or breakdown of serotonin can increase 
prolactin concentration.°*!°°!47 Antihypertensives such as methyldopa and 
reserpine stimulate prolactin secretion by negating dopaminergic inhibition, 
whereas hormones such as estrogen appear to promote prolactin secretion by 
stimulating lactotroph growth.2*?7!!0!!1,26 Verapamil is believed to cause 
hyperprolactinemia by decreasing dopaminergic activity through blockade of N- 
type calcium channels in the cell membranes of neurons in the tuberoinfundibular 
dopaminergic tract.?*?7:!!3-'45 Although protease inhibitors have been identified as 
a possible direct cause of hyperprolactinemia, the condition is most likely due to 
concomitant use of antiemetics or the presence of infection in patients receiving 
protease inhibitors. !3+-!37 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The most common symptoms associated with hyperprolactinemia typically are 
related to sexual dysfunction and may be difficult to recognize.!°? In men, these 
symptoms may include decreased libido, impotence, and erectile dysfunction; 


whereas in women, symptoms include menstrual disorders and galactorrhea.?”!4* 
'S! Sustained hyperprolactinemia can also be associated with increased risk of 
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pituitary tumors and breast cancer, although the exact causal relationship is 
currently unknown.!4?!°° Due to prolonged disruption of the hypothalamic- 
pituitary-gonadal axis, chronic hyperprolactinemia may also lead to decreased 
bone mineral  density.'47'°° Signs and symptoms associated with 
hyperprolactinemia are presented in Table 32-17.27?7)!4%-!>2 


Table 32-15 Agents Implicated in Drug-Induced 
Hyperprolactinemia 






Level of 


Incidence Evidence* 





ANTIDEPRESSANTS 
Amitriptyline 104,145,146 


A 


Amoxapine 105,145 


nw 


nw 
WwW) a; a] Bw] BD! a 


Citalopram101,145,146 


Clomipramine 104,145,146 1<10% 

Duloxetine 103,145 K 

Fluoxetine98,145,146 4.5% in men 22% in 
women 

Fluvoxamine 100,145 K 

Moclobemide 106,145,b K 

Paroxetine99,145,146 >0.01% 


nw 


Sertraline 102,145,146 


Venlafaxine 103,145,146 


nw 


QO; oO] O| BW] & 


ANTIEMETICS 
Domperidone 108,109,145,b 


nw 
> 


Metoclopramide 107,108,145 





l 
nw 
> 





ANTIHYPERTENSIVES 

Atenololl15 NK C 
Labetalol (intravenous) 114 C 
Methyldopa 110,111,145 NK B 
Reserpine 112 NK B 
Verapamil 13,145 B 
ANTIPSYCHOTICS 


a | 
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Butyrophenones (i.e., haloperidol) 118,147 40-90% c 


Conventional! 16,145 48% in womenc 29% in 


Miscellaneous (1e., loxapine 121, pimozide 122) 
Molindone 125 
Olanzapine119,147 


Phenothiazines (i.e., chlorpromazine, thioridazine, 
perphenazine) 117,145,147 


Quetiapine 124,147 


Risperidone 116,147 


Thioxanthenes (i.e., thiothixene) 120,147 
Ziprasidone 123,147 


HORMONES 
Estrogen126,145 


Gonadotropin-releasing hormone analogs 127,128 





HISTAMINE )-RECEPTOR ANTAGONISTS 
Cimetidine 129,130 


Famotidine 131 


OPIATES AND OPIOIDS 
Methadone 133 


Morphine and morphine analogs 132 


ANTIRETROVIRALS 
Nevirapine 137 


Protease inhibitors 134-136,145 


MISCELLANEOUS 
Alcoholl38 


Azathioprine 140 
Cisplatin141 
Cocaine 142 
Cyclosporine 143 


Cyproterone acetate139 





Tetrahydrocannabinoll 44 





NK = not known. 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bNot approved for use in the United States. 


cIncidence depends on dose. 


Table 32-16 Mechanisms of Drug-Induced Hyperprolactinemia 


Drug Mechanism 
Alcoholl38 Stimulates the release of prolactin possibly through a decreased inhibitory 


effect of dopamine 
Antidepressants 100,101,147 Serotonin is a strong stimulator of prolactin secretion 
Antidepressants inhibit the reuptake or breakdown of serotonin 
Antiemetics94,97,107,147 Prolactin’s secretion is controlled by the inhibitory effect of the hypothalamus 
Antipsychotics94,97,116,147 through one or more prolactin inhibitory factors 


Methyldopa94,97,110,147 Dopamine is the main physiologic prolactin inhibitory factor 


Reserpine94,97,112 Any drug that is associated with inhibition of dopamine production (e.g., 


methyldopa), release (e.g., reserpine), or action (e.g., antiemetics, 
antipsychotics) can induce hyperprolactinemia 


Antiretrovirals 134,135 Most likely due to concomitant antiemetics or concurrent infection 
Estrogens94,97,126,145 Increase the number of prolactin-secreting cells in the pituitary 


Gonadotropin-releasing hormone | Decrease in the release of hypothalamic prolactin inhibitory factors 
analogs 127,128 


H 7 Feceptor antagonists 130,131 | Unknown centrally mediated prolactin release 


Opioids 132,133,145 Bind to pL-opioid receptors that may inhibit hypothalamic dopamine secretion 


Tetrahydrocannabinoll 44 Stimulates the release of prolactin possibly through a decreased inhibitory 
effect of dopamine 


Verapamil94,97,113,145 Decreases dopaminergic activity by blocking N-type calcium channels 


The diagnosis of hyperprolactinemia requires two or more serum prolactin 
concentrations above 20 mcg/L (424 mU/L) in males and 25 mcg/L (530 mU/L) in 
females in combination with symptoms. However, as in drug-induced Cushing 
syndrome, determining the cause can prove challenging. A thorough and careful 
medication history will help identify possible drug-related causes of 
hyperprolactinemia, and an evaluation of thyroid, kidney, and liver function 1s 
essential to rule out elevated prolactin concentrations secondary to organ 
dysfunction (Table 32-18).?©?”:!*°-!>! The severity of hyperprolactinemia also can 
be useful in determining the cause. In drug-related hyperprolactinemia, serum 
prolactin concentrations rarely exceed 100 mcg/L, whereas serum prolactin 
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concentrations exceeding 200 mcg/L are almost always associated with pituitary 
macroadenomas.”°.?”:!48:!5! An elevated prolactin concentration can also be seen in 
the presence of macroprolactinemia, an immune complex formed by 
immunoglobulin G and prolactin.” This condition must be ruled out, as this 
abnormality is found in 10% of patients with hyperprolactinemia.”° 
Macroprolactinemia is often asymptomatic, and the need for treating asymptomatic 
patients is controversial. !>° 


Table 32-17 Signs and Symptoms Associated with Drug-Induced 






Hyperprolactinemia 





Signs and Symptoms Incidence 
MEN 

Gynecomastia 1-11% 

Erectile dysfunction NK 

Decreased body hair NK 

WOMEN 

Oligomenorrhea or amenorrhea 40-50% 
Hirsutism NK 

MEN AND WOMEN 

Osteoporosis 57% men, 32% women 
Galactorrhea 20% 

Decreased libido NK 

Infertility NK 

Weight gain NK 


NK = not known. 


Table 32-18 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Hyperprolactinemia 


* Acromegaly 

* Breast stimulation 

* Chest wall trauma and surgery 

* Cirrhosis 

* Excessive exercise 

* Hypothyroidism 

* Macroprolactinemia 

* Nonfasting blood sample used for determination of prolactin concentration 
* Polycystic ovarian syndrome 

* Postictal (1-2 hours after seizure) prolactin elevation 
* Pregnancy or postpartum prolactin elevation 

* Prolactin-secreting adenomas 
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* Renal failure 
* Sexual activity 


Table 32-19 Risk Factors for Drug-Induced Hyperprolactinemia 





and Growth Hormone Deficiency 


Hyperprolactinemia 


¢ Administration of high doses of offending agent 
* Female sex 
* Use of potent D-receptor antagonists 


Growth hormone deficiency 


¢ Development of Cushing syndrome (see Table 32-5) 
¢ Family history 


RISK FACTORS _ 





Risk factors associated with drug-induced hyperprolactinemia are presented in 
Table 32-19.94:9097.148,149.151 The highest risk for developing drug-induced 
hyperprolactinemia is associated with the use of potent D, receptor antagonists 
such as conventional antipsychotics, risperidone, and the antiemetics— 
metoclopramide and domperidone.?”!4?:!°? Although the dose of antipsychotic 
drugs has been correlated with prolactin levels in some studies, others have shown 
a tolerance to drug effects over time with normalizing prolactin levels.!*? Higher 
doses of drugs that potentiate prolactin via alternative mechanisms (e.g., estrogen, 
antidepressants) are probably needed to induce hyperprolactinemia.?”!°! 


MORBIDITY AND MORTALITY 


The incidence of death due to drug-induced hyperprolactinemia is unknown. 
Spontaneous galactorrhea, amenorrhea, gynecomastia in men, and _ sexual 
dysfunction may lead to embarrassment and reduced quality of life.?/!>° 
Osteoporosis is a long-term consequence that may lead to fracture, and certain 
fractures (e.g., hip) may increase the risk of death. Other potential long-term 
consequences of drug-induced hyperprolactinemia include pituitary tumors, breast 
cancer, venous thromboembolism, and depression.?”!4?!°° Most, if not all, 
symptoms resolve when prolactin levels return to normal.”’ 
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PREVENTION 


Methods to prevent drug-induced hyperprolactinemia are presented in Table 32-20. 
Drug-induced hyperprolactinemia may be prevented by minimizing the risk factors 
associated with hyperfunction of the hypothalamus, adrenal, or pituitary glands. 
When agents that can potentially induce hyperprolactinemia must be used, 
practitioners should make an effort to use the lowest effective dose of these agents, 
particularly with the D, antagonists. Effective therapy can be achieved by using a 


stepwise approach in the management and administration of these agents, starting 
with a low dose and titrating up to the desired effect or decreasing the dose if 
adverse effects occur. In addition, agents that interact pharmacokinetically (e.g., 
inhibit metabolism) with drugs known to cause hyperprolactinemia should be 
avoided. 


Table 32-20 Approaches to Help Prevent Drug-Induced 





Hyperprolactinemia 


¢ Avoid drug interactions that increase plasma concentrations of the offending agent 
* Avoid drugs that exert potent D7-receptor antagonism 


* Use lowest effective dose of offending agent 


MANAGEMENT 


Management of drug-induced hyperprolactinemia requires recognition of the 
causative agent(s). Once a drug has been identified as the cause, the logical first 
step is to attempt to discontinue the offending medication and replace it with an 
appropriate alternative. Problems can arise, however, when the patient is well 
controlled with the offending agent and alternatives are not available, which is 
often the case with conventional or first-generation antipsychotics. In these cases, 
changing to an antipsychotic with less potential to cause drug-induced 
hyperprolactinemia (e.g., olanzapine, quetiapine, aripiprazole, clozapine) 1s 
perhaps the most appropriate option, as administration of a dopamine agonist may 
worsen psychiatric symptoms.’”!4? If maintaining the offending agent is the only 
option, initiating a dopamine agonist and, in those who require it (e.g., patient with 
estrogen deficiency), sex-steroid replacement are  options.24?7!48!49,153 
Pharmacologic sex-steroid monotherapy may be the safest option for patients 
treated with antipsychotics. 


The greatest evidence for the effectiveness of dopamine agonist use in patients 
with hyperprolactinemia exists for the ergot derivatives, such as bromocriptine and 
cabergoline.'°> However, these agents may increase the risk of exacerbation of 
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underlying psychosis and should be used cautiously in patients managed with 
antipsychotics. !4°-!°° Risk of cardiac valvulopathy is also a concern with these 
ergot derivatives; however, this risk 1s most evident during the treatment of 
Parkinson disease, where larger doses are typically used.'°* Pramipexole and 
ropinirole are nonergot derivatives that may possess a safer cardiac profile; 
however, very limited data exist for their use in the treatment of 
hyperprolactinemia.!°> Treatment options for hyperprolactinemia are presented in 
Table 32-21. 


INFORMATION FOR PATIENTS 


Patients receiving antipsychotic therapy should be provided information regarding 
the risks of elevated prolactin such as osteoporosis, reduced fertility, and sexual 
dysfunction.!*° Patients’ concerns may be alleviated through appropriate education 
that these side effects typically subside once the offending agent is discontinued or 
switched to an acceptable alternative agent. When discontinuing the offending 
antipsychotic or initiating treatment with dopamine agonists, patients should be 
aware that their psychotic symptoms may worsen, and closer monitoring may be 
warranted during this period. Women should also be informed that dopamine 
agonists may restore fertility and appropriate contraceptive precautions should be 
used if pregnancy is not desired.?”!*! Finally, patients should be warned of 
common adverse effects associated with dopamine agonists, including nausea, 


insomnia, somnolence, peripheral edema, and orthostatic hypotension. !*? 


Table 32-21 Management of Drug-Induced Hyperprolactinemia 


Discontinue offending agent 
¢ Initiate appropriate therapeutic alternative 
* Consider initiation of dopamine agonist 


o Bromocriptine (2.5—10 mg/day)* 


Cabergoline (0.25—1 mg/wk)* 
b 


) 
o Pramipexole 
5 b 


Ropintrole 


o Pergolide® 
* Consider sex-steroid replacement in patients who require it 
o Testosterone 
o Estrogen 
* Consider a bisphosphonate if low bone mineral density is found 


aU.S. Food and Drug Administration—approved indication for hyperprolactinemia. 
bLimited evidence of effectiveness. 


cNot approved for use in the United States. 
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GROWTH HORMONE DEFICIENCY 


Growth hormone (GH) is synthesized, stored, and released from somatotropes 
located in the anterior pituitary. GH secretion is mainly under the control of two 
hypothalamic peptides: GH-releasing hormone (GHRH) and somatostatin, also 
known as somatotropin-release—inhibiting factor (SRIF) or GH-inhibiting hormone 
(GHIH).!°°-'>’ The secretion of GH is different from that of most other hormones in 
that it is released in a pulsatile fashion. This timing of release often complicates the 
diagnosis of GH deficiency, and provocative testing 1s required for accurate 
diagnosis. 


CAUSATIVE AGENTS 


Specific drugs that have been reported to cause GH deficiency are listed in Table 
32-22.41,156168 Glucocorticoids play a prominent role in the regulation of GH 
secretion and thus may be the most common agents implicated in drug-induced GH 
deficiency. Other drugs that have been found to cause GH deficiency include 
phentolamine, isoproterenol, somatostatin analogs such as octreotide, and tyrosine 
kinase (TK) inhibitors such as imatinib. 


EPIDEMIOLOGY 


The frequency of drug-induced GH deficiency in the general population 1s unknown 
but is assumed to be rare. The average annual incidence of GH deficiency from any 
cause 1s approximately 1.76 per 100,000 persons as reported in a nationwide study 
from Denmark.'© The most common cause of GH deficiency is a pituitary 
adenoma. !6?.!70 


MECHANISMS 


Mechanisms for drug-induced GH deficiency are listed in Table 32-23. Inhibition 
of GH secretion by a- and B-adrenergic agonists may be mediated by an increase in 
SRIF secretion; however, B-adrenergic agonists may also reduce the GH response 
to GHRH.!°°!58 Glucocorticoid excess increases hypothalamic secretion of 
somatostatin by enhancing responsiveness, thus inhibiting GH release from the 
pituitary.!°’!”! In addition, chronic use of glucocorticoids can decrease the number 
of GH receptors leading to reduced tissue response to GH.!°*!7! Gonadotropin- 
releasing hormone agonists used to treat precocious puberty and hormone- 
responsive cancers decrease hormone release from the _ pituitary.!¢!!® 
Gonadotropin-releasing hormone is normally released in a pulsatile fashion; 
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however, continuous administration of these hormone agonists downregulates 


pituitary receptors, ultimately decreasing sex hormone and GH release.*! 
Methylphenidate has a potent effect to alter the dopaminergic pathways involved in 


the regulation of GH secretion.'!’7 However, the effect of methylphenidate and 
amphetamines on the GH axis has been a matter of controversy, with some studies 
reporting inhibition, some no change, and some even reporting stimulation of GH 


secretion. TK is involved in the complex signal transduction for GHRH in 
somatotropes to promote the secretion of GH.!”* In the peripheral tissues, TK also 
assists in the activation of cellular pathways to promote the actions of GH.'”4 


Table 32-22 Agents Implicated in Drug-Induced Growth 


Hormone Deficiency 











Drug Level of Evidence? 
Amphetamine derivatives© 
Methylphenidate! NK Cc 
Dextroamphetamine 164 bos c 
Glucocorticoids 159,171 B 
GnRH agonists 161,d B 
Isoproterenoll 58 B 
Phentolamine 158 B 
Somatostatin analogs 160 B 
Tyrosine kinase inhibitors 168 NK C 





GnRH = gonadotropin-releasing hormone, NK = not known. 
aIncidence depends on dose and duration of exposure. 


bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cStudies report inhibition, no change, and even stimulation of GH secretion. 


dAfter repeated dosing. 


eUnknown incidence due to use in patients with growth hormone excess. 





Table 32-23 Mechanisms of Drug-Induced Growth Hormone 
Deficiency 













Mechanism 
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a-adrenergic antagonists156,158 | May decrease secretion of GH-releasing factor 


Amphetamine derivatives 157 Possibly decreases GH release through dopaminergic effects 
May decrease sleep-related GH release 


B-adrenergic agonists 156,158 May increase secretion of somatostatin or GH-inhibiting factor 
May also reduce the GH response to GH-releasing hormone 


Glucocorticoids 162,166,167,171 | Increase hypothalamic secretion of somatostatin by enhancing B-adrenergic 
responsiveness, thus inhibiting GH release from the pituitary 


Reduce the number of GH receptors in tissue 


GnRH agonists 161,165 Continuous administration downregulates pituitary receptors ultimately 
decreasing GH release 


Somatostatin analogs 156,157 Directly inhibit GH release from the pituitary 


Tyrosine kinase inhibitors 168 May inhibit release of GH from somatotropes in the anterior pituitary 
May also attenuate response of GH on peripheral tissues 


GH = growth hormone, GnRH = gonadotropin-releasing hormone. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms associated with GH deficiency are presented in Table 32- 
24.41,175.176 Children with GH deficiency often present with short stature, plump 
physique, and a round immature-looking face. When compared with the general 
population, adults with GH deficiency have increased fat mass, reduced muscle 
mass and strength, and lower bone density.!7°!77 








Table 32-24 Signs and Symptoms Associated with Drug-Induced 


Growth Hormone Deficiency 





Children 


* Reduced growth velocity 
* Short stature 


Adults 


* Central obesity 

* Decreased lean muscle mass 

* Decreased well-being 

* Difficulty forming relationships 

* Dyslipidemia 

* Emotional lability 

* Impaired socioeconomic performance 

* Increased homeostasis model assessment 
* Low bone mineral density 
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* Reduced energy 
* Reduced muscle strength 
Social isolation 


The diagnosis of drug-induced GH deficiency 1s based on signs and symptoms 
of disease combined with documented low GH under provocative testing (e.g., an 
insulin tolerance test) and use of an agent known to cause the disease. Low serum 
GH concentration alone is not conclusive because GH secretion is pulsatile.'”* A 
diagnosis of GH deficiency can be made if the serum GH concentration in response 
to insulin-induced hypoglycemia is <5 mcg/L or <4 mcg/L using the GHRH-— 
arginine stimulation test as measured by radioimmunoassay in adults.'’® In children 
and adolescents, the diagnosis is made if the serum GH concentration after 
provocative testing is <10 mcg/L.!”° The standard provocation used to stimulate 
GH is the insulin-induced hypoglycemia stimulation test, but the GHRH-—arginine 
stimulation test provides a safer alternative in children and in patients with a 
history of seizure disorder and cardiovascular disease.!’* Alternative causes, such 
as pituitary adenoma, genetic GH deficiency, abuse/neglect, and diabetes, must still 
be ruled out (Table 32-25). 


Table 32-25 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Growth Hormone Deficiency 


¢ Brain tumor (craniopharyngioma) 
* Central nervous system surgery or radiation 
* Cushing syndrome 
* Genetic growth hormone deficiency 
* Hypothyroidism 
¢ Idiopathic growth hormone deficiency 
* Metabolic disturbances (e.g., uncontrolled diabetes) 
* Noonan syndrome, Turner syndrome 
¢ Prepubertal 
Short stature associated with abuse or neglect 


RISK FACTORS 


The main risk factor associated with GH deficiency is the presence of Cushing 
syndrome, which usually manifests as weight gain and is frequently associated with 
growth failure. The severity of growth impairment is directly related to the age at 
onset and the duration of hypercortisolemia.!”? Patients with Cushing syndrome can 
have persistent impairment of GH _ secretion long after correction of 
hypercortisolism. Several factors may play a role in this phenomenon, including 
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delayed remission of hypercortisolism and, in cases of surgically treated Cushing 
syndrome, damage to the pituitary gland. Sustained hypercortisolism for long 
periods has also been suggested to impair the physiological function of 
somatotropes.!’! Therefore, any drug that may induce Cushing syndrome or cause 
sustained hypercortisolism (e.g., long-term administration of glucocorticoids) 
should be considered a risk factor (Table 32-19). 


MORBIDITY AND MORTALITY 


The risk of death from drug-induced GH deficiency is unknown, but data aes 


that adults with GH deficiency from other causes have reduced life expectancy. !”7 
Increased mortality is mostly attributed to premature cardiovascular disease, 
possibly due to dyslipidemia and insulin resistance, and may be more pronounced 
in childhood-onset GH deficiency and in females.!°° 





PREVENTION 


General strategies to prevent drug-induced GH deficiency are presented in Table 
32-26. In children, the growth velocity should be closely monitored throughout 
treatment with a known causative agent and timely diagnostic testing should be 
performed if GH deficiency is suspected. Because Cushing syndrome is a risk 
factor for GH deficiency, patients presenting with Cushingoid symptoms should be 
evaluated for evidence of concomitant GH deficiency. When feasible, use of 
nonsystemic corticosteroids, or corticosteroids with lower potency, may reduce the 
risk of developing GH deficiency. 


Table 32-26 Approaches to Help Prevent Drug-Induced Growth 





Hormone Deficiency 


¢ Avoid drug—drug interactions that will increase plasma concentrations of the offending agent 

* Close monitoring of signs and symptoms during treatment with known causative agent (e.g., growth velocity 
in children) 

* Use alternative route of administration to minimize systemic absorption 

* Use lowest effective dose and avoid prolonged use of offending agent 


MANAGEMENT 


Management of drug-induced GH deficiency is dependent on recognition of the 
offending drug. Whenever possible, the offending medication should be 
discontinued in favor of an appropriate therapeutic alternative. In children whose 
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growth has been impaired by persistent hypercortisolism, GH therapy should be 
initiated as soon as cortisol has normalized because a limited window of 
opportunity exists to promote increased linear growth. Additionally, GH therapy 
has been shown to improve body composition in the majority of children.!’! On the 
other hand, the role of GH replacement in adults has been controversial. GH 
replacement may be considered for symptomatic relief as well as to increase 


muscle mass, decrease fat mass, and increase bone mineral density,32-!76.181 


Dosing of recombinant GH is individualized to patient need. In general, 
premenopausal women and women taking estrogen therapy require higher doses 
than men because of reduced GH response in the periphery due to estrogen.!78 
Children typically require much higher doses than adults. Somatropin should be 
started at low doses (e.g., 200-300 mcg/day) and slowly titrated upward by 100-— 
200 mcg/day every 1—2 months in adults. Somatropin is routinely started at 20 
mceg/kg/week for children.'’>!7* Subcutaneous injections may be administered at 
various intervals (e.g., nightly, every other night, or once per week at might). 
Clinical response, adverse effects, and the measurement of insulin-like growth 
factor 1 concentrations guide therapy in adults.'7® In children, height and height 
velocity are the main therapeutic outcomes, with normalization of growth the goal 
of therapy.!’° Somatropin may be discontinued in children when growth normalizes 
and full somatic development (i.e., maximal bone and muscle mass) is achieved.!”° 
Normalization of GH sensitivity in adults may take up to 2 years.*? Limited data 
exist on the benefits of somatropin in drug-induced GH deficiency; however, 
studies in adults with GH deficiency have shown reductions in cardiovascular 
disease and risk of fractures. !®*!*? Indefinite GH replacement may be considered if 
the offending agent must be continued. Table 32-27 summarizes management 
strategies. 


Table 32-27 Management of Drug-Induced Growth Hormone 





Deficiency 


¢ Discontinue offending agent or initiate appropriate therapeutic alternative 
* Children 
o Initiate growth hormone (somatropin) at 20 mcg/kg/wk; height and height velocity guide therapy 
o Goal: growth normalization 
¢ Adults 
o Initiate growth hormone (200-300 mcg/day) for symptomatic relief and to increase muscle mass, 
decrease fat mass, and increase bone mineral density 
o Titrate dose by 100-200 mcg every 1—2 months; clinical response, adverse effects, and insulin-like 
growth factor | concentrations guide therapy 
o Goal: Normalization of growth hormone sensitivity 


INFORMATION FOR PATIENTS 
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Patients receiving recombinant GH should be informed that slow titration over 
months is necessary to reduce adverse effects associated with treatment. Common 
dose-dependent adverse effects include fluid retention, arthralgia, myalgia, 
headache, nausea, and vomiting. Injection site reactions are also common and dose- 
dependent. GH requirements change with age and can be affected by sex hormone 
replacement. Testosterone sensitizes tissues, whereas oral estrogen causes a 
reduced response to GH. If transdermal estrogen is used to replace oral estrogen, a 
lower dose of GH may be needed.!78 


HY POALDOSTERONISM AND 


HY PERALDOSTERONISM 





Hypoaldosteronism is rare and usually not related to medications. Nevertheless, 
generalized secondary adrenal insufficiency may be responsible for a subset of 
patients with nonselective hypoaldosteronism.*! Likewise, most cases of 
hyperaldosteronism are primary and are often due to physiologic abnormalities that 
arise in the adrenal cortex.*!!84 A small number of patients may present with 
secondary hyperaldosteronism that occurs as a result of overstimulation of the zona 
glomerulosa by the renin—angiotensin—aldosterone system. Excess potassium intake 
and use of oral contraceptives may also contribute. Signs and symptoms include 
hypokalemia, hypertension, and possibly evidence of end-organ damage. 
Correction of the extra-adrenal stimulation of aldosterone secretion usually 
resolves this disorder. Normalizing serum potassium, considering alternative forms 
of contraception, and therapy with spironolactone should also be considered. 
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CHAPTER 33 


Sexual Dysfunction in Males 


Mary Lee and Roohollah Sharifi 


Sexual dysfunction in males can be broadly classified into five major types: 
disorders of libido (increased or decreased sexual drive), erectile dysfunction 
(penile impotence), ejaculatory disorders (premature ejaculation, delayed 
ejaculation, emission failure or anejaculation, decreased ejaculation volume, or 
retrograde ejaculation), priapism (prolonged, painful erection), and infertility. 
Although some patients suffer from only one type of sexual dysfunction, others may 
experience more than one. In some cases, a patient may suffer from one disorder, 
and then secondarily another type of sexual dysfunction develops. For example, an 
elderly menopausal male patient may experience decreased libido, and then 
erectile dysfunction develops secondary to the lack of sexual drive. Some drugs 
have the potential to cause several types of sexual dysfunction. For example, 
phenothiazine antipsychotic agents may cause decreased libido, erectile 
dysfunction, or priapism, which may occur together in some patients or separately 
in others. 


CAUSATIVE AGENTS 
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Table 33-1, Table 33-2, Table 33-3, Table 33-4, and Table 33-5 list the many 
drugs that have been commonly reported to cause various types of sexual 
dysfunction in males. Many of the published references used to create these tables 
are observational studies, case reports, or case series. Thus, a cause-effect 
relationship has not been established for many of the drugs. An effort was made to 
include drugs for which a proposed mechanism for the drug-induced disease could 
be described based on the drug’s pharmacologic effects. Thus, Tables 33-1 to 33-5 
should not be considered exhaustive lists. 


Key to the interpretation of the published literature on drug-induced sexual 
dysfunction is the fact that, in some cases, the disease for which the offending drug 
was prescribed is, itself, a risk factor for sexual dysfunction. For example, 
diuretics are a common cause of erectile dysfunction. However, diuretics are 
commonly prescribed for hypertension, which itself may cause erectile dysfunction. 
Also, sexual dysfunction is generally an underreported adverse effect. Many 
patients are uncomfortable sharing information about this and some healthcare 
providers do not routinely question patients about this adverse drug reaction. 


Table 33-1 Agents Implicated in Drug-Induced Decrease in 
Libido 





Drug Incidence Level of Evidence 
5a-reductase inhibitors 1-3 6.4%, up to 94% 1 A,B 
Anabolic steroids4 5% 


| 
> 
ey 


oe) 


Antidepressants, tricyclic5 NKa 


> 


Antidepressants, selective serotonin | 1—12% 
reuptake inhibitors6 


Antidepressants, other5S A 
Atypical antipsychotics7,8 A 
B-adrenergic antagonists9 C 
Carbamazepine 10 B 
Cimetidine 11,12 1-4%b C 
Ethanoll6 NKce C 
Gonadotropin-releasing hormone NKd A 


agonists 15 
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Gonadotropin-releasing hormone NK C 





antagonists 17 

Haloperidoll5 NK C 
HMG CoA reductase inhibitors18,19 C 
Hypnotics, benzodiazepines 15 NK C 
Isotretinoin20 NK C 
Ketoconazole 16,21 NK B 
Levetiracetam22 C 
Metoclopramide 15 NK C 
Opiates (natural and synthetic)24-28 B,C 
Phenothiazines29 NKf B 
Proton pump inhibitors30 C 
Spironolactone 13 NKg B 


NK = not known. 
aMost common with tertiary amines, as these have the highest incidence of sedative adverse effects. 


bUncommon. Most often reported with high-dose parenteral drug treatment. 
cCommon with high doses of ethanol. Low doses may improve libido. 
dCommon after the first 2—3 wk of the start of treatment. This adverse effect is likely underreported because 


patients who receive this medication may not be sexually active. 
eAssociated with morphine doses of 100 mg orally/day or its equivalent. 


fCommon with highly sedating phenothiazines. Less common with less-sedating agents: thiothixene, haloperidol, 


or loxapine. 
gCommon in patients treated with large daily doses (e.g., those with hyperaldosteronism). 


Table 33-2 Agents Implicated in Drug-Induced Erectile 
Dysfunction 





Drug Level of Evidence 
a-adrenergic antagonists2 A 

5a-reductase inhibitors 1,2,32-36 A 

Amiodarone9,37 NK C 

Antiandrogen (e.g., flutamide, NK C 

ketoconazole)37 

Antihistamines 13 C 

Antiparkinsonian agents 13 NK C 
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Antidepressants, norepinephrine and 
serotonin reuptake inhibitors38 


Antidepressants, selective serotonin 
reuptake inhibitors38,39 


Antidepressants, tetracyclic29 
Antidepressants, tricyclic 13 
Antidepressants, other38 


Antipsychotics, first generation (e.g., 
chlorpromazine, thioridazine, etc.)6,8 


Antipsychotics, atypical23 
B-adrenergic antagonists9,3 1,41,42 
Baclofen43,44 
Benzodiazepines45,60 

Busulfan37 

Calcium-channel antagonists41,46 
Celecoxib47 

Cocaine37 

Central a-adrenergic agonists48 
Cyclophosphamide37 

Digoxin37 

Disopyramide 13-15 

Diuretics, thiazides 13-15,31,42,48 
Diuretics, loop13-15,42,48 
Estrogens 15 

Ethanol37 

Gabapentin49-5 1 


Gemfibrozill 3,52 


Gonadotropin-releasing hormone agonists53 


Gonadotropin-releasing hormone 
antagonists 17 


Guanethidine48 


Haloperidol33,40 


Histamine H9-receptor antagonists (e.g., 


cimetidine)45 


1-5% 


> 


0-13%b 


0.1-1% 


nw 


Q)| &] W] > 


3.4%b 


Z 


Kc 


0.1-1%d 
6—40%e,f 


nw 
QO} &] ay el} ao] ef] Of] BF] &e} Oo] OF eT} oO} OF] ©] Oo} OF] eI] a] & 


0.2-1.6% 


ro 


nw 


<1% 


Aw 


3-7%, up to 24% 


aw 


nw 


1-3% 
10-20%f 


Z 


Kf 


12% 


nw 


1.5% 


nw 


4A%g 


Z 


Kg 


54% 


ve) 


] 
nw 
Q 


NK 


oe) 
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Ace 
CO) 


HMG-CoA reductase inhibitors52,54-58 B,C 
Lithium carbonate 15,40,59,60 C 
Maryuana37,61 C 
Methyldopa48 B 
Monoamine oxidase inhibitors 13,40 C 
Nonsteroidal anti-inflammatory B 
agents45,47,62,63 

Omeprazole64-66 


Opiates67 
Phenothiazines6, 13-15 
Pregabalin68 


Protease inhibitors69 


Up to 50%h 
Ne,h 

71% 

6% 


Reserpine 13-15 NKh 


un 


Spironolactone 13-15 0%h 


Sr} al; aly Bw] el} WB] BI] a 


Topiramate 70-72 


IV 
ve 
x 


NK = not known. 
aFrequency is highest with drugs with the greatest anticholinergic or sedative adverse effects. 


bFrequency is lower with antidepressants with lower anticholinergic adverse effects and lower serotoninergic 
effects (e.g., bupropion, nefazodone, vilazodone, mirtazapine ).40,79,157,175 
cFrequency is highest with thioridazine, which has the greatest anticholinergic potency as compared with other 


agents. Some literature suggests using prolactin-sparing agents (e.g., aripiprazole, clozapine, olanzapine, 
quetiapine, and ziprasidone), but this has variable results.6 


dOf these agents, risperidone has been reported to cause the highest incidence (>5%). 
eFrequency is highest with lipophilic drugs, which cross the blood—brain barrier. 
fAntihypertensives with a lower prevalence of erectile dysfunction include angiotensin-converting enzyme 


inhibitors, angiotensin II antagonists, and calcjum-channel antagonists. 
gBecause these medications lower serum testosterone to castration levels, the incidence is probably much 


higher. However, patients receiving this medication may not report this adverse effect because they are not 
sexually active. 
hFrequency is dose-related. 


Table 33-3 Agents Implicated in Drug-Induced Ejaculation 


Disorders 








Incidence Level of Evidence 


9.7—28.1%a,b 


Drug 





a-adrenergic antagonists73,74,76,77 





5a-reductase inhibitors 1,2,32-35,76 0.1-7.2%c 
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Antidepressants, selective serotonin 6-28%d 
reuptake inhibitors29,40,78-83 


> 


Antidepressants, tricyclic79,8 1,82 


Antidepressants, tetracyclic82,84 


: 
S 
= 


A| Zz 
=| Aw 
= 

>| ela 


Antidepressants, norepinephrine and 
serotonin reuptake inhibitors82,85 





Antidepressants, triazolopyridine82,86 C 
Antidepressants, other87 C 
Antipsychotics, atypical6,88-91 A 
Baclofen92 NK A 
Haloperidol6,91 NK C 
Monoamine oxidase inhibitors6,38,82 NK C 
Naproxen91 NK C 
Phenothiazines78 NK C 
Thiazide diuretics42 C 
Topiramate90,92 C 


NK = not known. 
aHighest incidences reported with tamsulosin 0.8 mg per day and silodosin (90% ).2,7,75,76 


bCombmnation of a-adrenergic antagonist and 5a-reductase inhibitor is associated with threefold increase in 
ejaculation disorders compared to either drug alone.76 

cVariable incidence rates reported. Rates as high as 20% reported.33 

dOccurs in up to 50% of patients treated with paroxetine. Paroxetine is associated with the highest incidence as 


compared with other agents in this class. 
eIncidence of ejaculation disorders is much lower than those of erectile dysfunction and decreased libido. 


Table 33-4 Agents Implicated in Drug-Induced Priapism 


Drug Level of Evidence 
sain x 
a-adrenergic antagonists94-96 A 
Alprostadil97,98 A 
Antianxiety agents NK C 
Antidepressants29,40 NK Cc 
Antidepressants, selective serotonin NK C 


reuptake inhibitors40,99-102 





Antidepressants, triazolopyridine (e.g., 


Z 
nw 
QD 
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trazodone)38,40,103,104 





Antipsychotics, atypical6,105-113 A 
Atomoxetine 114 NK C 
Buspirone 115 NK Cc 
Cocaine 116 NK C 
Ethanoll15 NK C 
Fat emulsion, intravenous 117 NK C 
Heparin118-120 NK C 
Hydralazine 118 NK C 
Hydroxyzine 115 NK C 
Lithium 121 NK C 
Marjjuana61,115 NK C 
Methylphenidate 122,123 NK C 
Olanzapine 124 NK C 
Paliperidone 125 NK C 
Papaverine 126,127 C 
Phenothiazines6,128 C 
Phentolamine 115 C 
Phosphodiesterase type 5 mhibitors (e.g., C 
sildenafil) 115,129-131 
Quetiapine 121,132,133 NK C 
Sodium valproate 134 NK 

NK C 


Warfarin118,120,135 
NK = not known. 
aUsually occurs when administered intracavernosally or intraurethrally in large doses, or when used along with 


other erectogenic drugs. 
bUsually occurs when administered in large doses intracavernosally or when used along with other erectogenic 


drugs. 
cThis drug category is one of the most common causes of priapism in clinical practice. 


dUsually when used in excessive doses or when combined with other erectogenic agents. 


EPIDEMIOLOGY 


Up to 25% of cases of erectile dysfunction may be drug induced, and the most 
common offending agents are thiazide diuretics, B-blockers, antipsychotic agents, 
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and antidepressants. According to the Massachusetts Male Aging Study, which was 
conducted in male outpatients aged 40 to 70 years, up to 51% of men had some 
degree of erectile dysfunction.!®!4? Erectile dysfunction was more common in men 
who were taking antihypertensive drugs, oral hypoglycemic agents, vasodilators, or 
cardiac medications. In the 4-year Treatment of Mild Hypertension Study, patients 
responded to an annual survey of sexual function. At the 2-year point, the incidence 
of the inability to achieve an erection was 2.8%, 15.7%, and 4.9% in the 
doxazosin, chlorthalidone, and placebo groups, respectively.*! In contrast, the 
incidences of drug-induced disorders of libido, ejaculation, priapism, or fertility 
are not as well studied, and therefore, less data are available. 


Table 33-5 Agents Implicated in Drug-Induced Infertility 


Drug Incidence Level of Evidence 
Anabolic steroids4,136 \Ka 


ve) 


Antidepressants, selective serotonin VKb 
reuptake inhibitors 137,138 


oe) 











Antineoplastic agents, alkylating23,139,140 |Up to 100%a,c B 
Carbamazepine 141 NK C 
Cimetidine23,118 NK C 
Cisplatin139,140 Up to 100%d B 
Corticosteroids B 
Erythromycin] 42 NK C 
Escitalopram143 C 
Estrogens23 C 
Ethanol, chronic use 144 C 
Gonadotropin-releasing hormone B 
agonists 145 

Ketoconazole 146 C 
Nitrofurantoin 146,147 C 
Phenothiazines23 NK C 
Spironolactone23 NKa C 
Sulfasalazine 118 NK C 
Testosterone undecanoate 148 NKh C 





NK = not known. 
aFrequency is dose-related. 
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bHas been shown to decrease sperm concentration and motility or to increase the concentration of sperm with 
abnormal morphology. 137,138 
cIncidence increases with dose and duration of treatment, and if chemotherapy is administered with radiation 


therapy or in combination with other chemotherapy known to affect spermatogenesis. 
dUp to 100% of patients become infertile when cisplatin is used to treat testicular cancer. When dose is 0.6 


g/m2 or higher, azoospermia develops in most patients. 
eThis applies to patients treated with corticosteroids in pharmacologic doses in combination with antineoplastic 


chemotherapy regimens. 
fProbably common; however, incidence not studied. 


gNot reported with usual therapeutic doses; occurs with large doses. 


hThis is based on high-dose testosterone supplementation for an infertile couple. 


A wide range of prevalence rates has been reported for sexual dysfunction 
associated with specific drugs. This is related to methodological limitations in 
study design, including the absence of validated sexual dysfunction survey tools 
used at baseline and during the trial to assess the presence of disorders, and the 
lack of objective assessments to confirm a patient’s self-reported complaints.*? In 
addition, patient factors directly influence the frequency of reported sexual 
dysfunction, including the willingness of the patient to report the adverse effect, 
persistence of the healthcare provider in questioning the patient about the adverse 
effect, patient’s age and general health status, whether or not the patient 1s a smoker 
or uses recreational drugs, dosage regimen of the offending agent, use of the 
offending agent in combination with other drugs that could also cause sexual 
dysfunction, and concurrent medical illnesses that could contribute to sexual 


dysfunction. !*°.!>! 


MECHANISMS 


Mechanisms of drug-induced sexual dysfunction are dependent on the type of 
dysfunction (Table 33-6). A normal male libido is mediated by serum androgen 
concentrations. Testosterone is the chief male androgen, comprising 90% of 
circulating androgens, and is produced by the testes. Serum testosterone 
concentrations are responsible for male sexual drive.!°°!®4 The role of 
dihydrotestosterone, the chief active metabolite of testosterone, in maintaining 
libido is not clear. In patients with primary hypogonadism who have serum 
testosterone concentrations that are below the normal range, exogenous 
administration of testosterone replacement agents restores libido. '® 


Table 33-6 Mechanisms of Drug-Induced Sexual Dysfunction in 


MY BS 
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Drug Mechanism 


DRUG-INDUCED DECREASED LIBIDO 


5-a reductase inhibitors 


Anabolic steroids 
Antidepressants 
Antipsychotics 


B-adrenergic antagonists 


Carbamazepine 


Cimetidine 


Clofibrate 


Digoxin 


Estrogens 


Ethanol, high doses 


Gemfibrozil 


Gonadotropin-releasing hormone agonists 


Gonadotropin-releasing hormone antagonists 


HMG-CoA inhibitors 
Hypnotics 


Ketoconazole 


Methadone 


Metoclopramide 


Decrease dihydrotestosterone in the central nervous 


sistema 


Suppress hypothalamic—pituitary—gonadal axis 


Cause sedation, which depresses libido> 40 


Cause sedation, which depresses libido®>/ 

Cause sedation, particularly the lipophilic agents (e.g., 
propranolol) 152 

Increases sex hormone—binding globulin, which 
decreases serum free (active) testosterone 
levels least 


Increases prolactin, which depresses androgen 
production; may be an androgen receptor 
antagonist !!- IS 
Reduces cholesterol, a precursor for androgen 

synthesis?»!3- 16 
(Metabolite) Competes with androgen at receptors !3 ° 
16 


Decrease pituitary LH secretion and testicular 
testosterone production 
Causes sedation, which depresses libido!3-16 
Reduces cholesterol, a precursor for androgen 
synthesis !3-16 
Decrease pituitary LH secretion and testicular 
testosterone production? 0 
Decrease pituitary LH secretion and testicular 
testosterone production!» 5 


Decrease serum testosterone! 7+!8,19.52 


Cause sedation, which depresses libido!3-15 

Inhibits adrenal and testicular testosterone 

produc tion?! 

Increases serum prolactin, which depresses androgen 
production! 6 

Increases prolactin, which depresses androgen 


production !3 “15 
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Opiates 


Phenobarbital 


Phenothiazines 


Phenytoin 


Spironolactone 


DRUG-INDUCED ERECTILE DYSFUNCTION 


5-a reductase inhibitors 


Anticonvulsants 


Antidepressants 


Antihistamine 


Anticholinergic-antiparkinsonian agents (e.g., 
benztropine) 


Antipsychotics (phenothiazines, atypical antipsychotics) 


Suppress hypothalamic—pituitary—gonadal axis and 


decrease pulsatile release of luteinizing hormone2*” 


21,67 


Increases sex hormone—binding globulin, which 
decreases serum free (active) testosterone 
level 

Increase prolactin, which depresses androgen 
production; has sedative effects°? 

Increases sex hormone—binding globulin, which 
decreases serum free (active) testosterone 
levelgt 3. 4 


Competes with androgen at receptor (metabolite) 


Inhibits testosterone synthesis !3 14 


Decrease dihydrotestosterone, which may result in 
decreased smooth muscle in cavernosal tissue and 


apoptosis of cells! 236.159 


Sedative adverse effects decrease libido; patients may 
develop erectile dysfunction secondary to decreased 


libido, !5»16 


Some agents with potent hepatic microsomal enzyme- 
inducing properties (e.g., phenytoin, carbamazepine) 
may increase sex hormone—binding globulin, thereby 
decreasing free (active) testosterone. 153,154 

Sedative adverse effects decrease libido; patients may 
develop erectile dysfunction secondary to decreased 
libido; anticholinergic effects decrease arterial blood 


flow into and filling of corpora cavernosa.» 


Also, antidepressants with strong serotoninergic 
properties (e.g., fluoxetine, paroxetine, citalopram, or 
sertraline) are associated with the higher prevalence 
of sexual dysfunction than agents that have less 
potent serotoninergic effects (e.g., bupropion, 


mirtazapine, nefazodone, vilazodone).79.!5 7,158 


Selective serotonin reuptake inhibitors activate central 
serotonin receptors, which inhibit neurotransmission 
of norepinephrine and dopamine.4? 

Sedative adverse effects cause decreased libido; 
patients develop erectile dysfunction secondary to 
decreased libido. 


Anticholinergic effects decrease arterial blood flow 


into and filling of corpora cavernosa. 13-15 
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B-adrenergic antagonists 


Digoxin 

Diuretics, thiazide or loop 

Centrally acting sympatholytics (e.g., clonidine) 
Estrogens 

Gonadotropin-releasing hormone agonists 
Gonadotropin-releasing hormone antagonists 
Ethanol, high doses 

Hypnotics 


Haloperidol 


Pregabalin 


Topiramate 


Sedative adverse effects cause decreased libido; 
patients develop erectile dysfunction secondary to 
decreased libido. 


Anticholinergic effects decrease arterial blood flow 
into and filling of corpora cavernosa; in addition, 
some antipsychotic agents antagonize dopamine, 


which results in increased prolactin! ®7; increased 


prolactin is also associated with decreased testicular 

testosterone production. 6,160 

Decrease systemic blood pressure resulting in 
decreased blood flow to corpora cavernosa, may 
decrease libido and cause erectile dysfunction 
secondarily, decrease central sympathetic outflow 


Prevalence may be greater with lipophilic agents. 13-15 


Blocks smooth muscle relaxation of corpora 
cavernosa, which inhibits blood filling? 


Decrease systemic blood pressure resulting in 
decreased blood flow to corpora cavernosa 3-15.42 

Decreased serum testosterone concentrations causing 
decreased libido and secondary erectile 
dysfunction? 0,53,155 

Sedative adverse effects cause decreased libido; 
patients develop erectile dysfunction secondary to 


decreased libido. 13-15 


Blocks D, and D9 receptors in the central nervous 


system® 

Decreases release of neurotransmitters (e.g., 
glutamate, substance P, and calcitonin gene-related 
peptide) !6! 


Interferes with blood flow to corpora cavernosa /0 


DRUG-INDUCED EJACULATION DISORDERS 


a-adrenergic antagonists 


Antipsychotics, atypical Phenothiazines 


5a-reductase inhibitors 


Anticholinergic agents 
Phenothiazines40,80 


Tricyclic antidepressants38,80 


Relaxation of bladder neck during coitus leads to 
retrograde or delayed emission. 6,73,76,77,87-89,162 
Inhibit a-adrenergic receptors at the bladder neck, 
leading to retrograde or delayed ejaculation 2? 
Decrease in prostate volume leads to decrease in 
ability of prostate to produce prostatic secretions; 
decreased semen volume results. }? 


Anticholinergic effects lead to delayed emission, /880 
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Guanethidine 


Antidepressants, selective serotonin reuptake 
inhibitors29,40,78-83 


Trazodone 


DRUG-INDUCED PRIAPISM 


Fat emulsion, intravenous 
Heparin119 


Warfarin18 


Aripiprazole 107 
Phenothiazines6, 128 
Clozapine 108 
Quetiapine 110,132 
Risperidone 105,112,113 


Bupropion40 

Antidepressants, selective serotonin reuptake 
inhibitors40 

Trazodone 103,104 


Hydralazine 

a-adrenergic antagonists94-96 
Alprostadil97,98 

Papaverine 126,127 


Phosphodiesterase type 5 mhibitors (e.g., sildenafil, 
vardenafil, tadalafil, avanafil) 


DRUG-INDUCED INFERTILITY 


Anabolic steroids 


Antineoplastic agents 


Estrogens 

Gonadotropin-releasing hormone superagonists 
Ketoconazole 

Spironolactone 


Cimetidine 





Blocks contraction of vas deferens, which results in 
delayed emission*® 


Stimulate central 5-HT9 receptors, which leads to 
emission failure 


Stimulate central serotonin receptors and causes 
peripheral a-adrenergic blockade, which leads to an 


e jaculation®2,86 


Cause a hypercoagulable state!!7 


a-adrenergic blockade prevents detumescence of the 
penis. 


a-adrenergic blockade prevents detumescence of the 
penis. 


Central serotonin stimulation may also lead to low-flow 
priapism. 


a-adrenergic blockade prevents detumescence of the 
penis. 


Arteriolar vasodilation increases blood flow to corpora 

cavernosa.”>?/ 

Increase cyclic AMP in cavernosal tissue, which 
increases blood fillng of sinusoidal tissue 


When used in excessive doses or when combined with 
other erectogenic drugs, they increase cyclic GMP 
in cavernosal tissue, which increases blood filling of 


sinusoidal tissue. 30.131 


Suppress hypothalamic—pituitary gonadal axis 


Damage germinal epithelium in testes; sperm 


production is impaired,22>!39.140 


Decrease serum testosterone concentration or block 
testosterone at receptors, which interfere with 


maturation of spermatogonia? 145,146 


Blocks androgen receptor, which interferes with 


maturation of spermatogonia2> 118 
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Erythromycin Decreases sperm motility and sperm number!42 

Ethanol, chronic Decreases testosterone production, which interferes 
with sperm maturation!“4 

Nitrofurantoin Inhibits sperm maturation and protein synthesis, which 
interferes with sperm motility !47 

Sulfasalazine Decreases sperm production, maturation, and 
motility !!8 

Testosterone undecanoate Suppresses FSH and LH, which decreases sperm 


production and maturation! 48 


AMP = adenosine monophosphate, FSH = follicle-stimulating hormone, GMP = guanosine monophosphate, HT 
= hydroxytryptamine, LH = luteinizing hormone. 


The hypothalamic—pituitary-gonadal—adrenal axis controls _ testicular 
testosterone production. Increased release of luteinizing hormone-releasing 
hormone or gonadotropin-releasing hormone from the hypothalamus stimulates 
pituitary release of luteimizing hormone. Luteinizing hormone stimulates the 
production of testosterone in Leydig cells. Therefore, drugs that suppress 
hypothalamic release of luteinizing hormone-releasing hormone or pituitary release 
of luteinizing hormone, or that directly suppress testicular testosterone 
production,!© may suppress libido. Similarly, drugs that increase serum prolactin 
concentrations, which results in a decrease in testicular androgen production, can 
indirectly suppress libido.'®’ In addition to the stimulatory effect of testosterone on 
libido, males must be conscious and receptive to sexual stimuli, which can be 
visual, auditory, olfactory, tactile, or gustatory. As these stimuli are processed in 
the brain, drugs that cause sedation or depress the sensorium can suppress 
libido.!© 


Theoretically, it follows then that supraphysiologic serum testosterone 
concentrations may enhance male sexual drive in elderly patients. However, this 
has not been demonstrated clinically. Administration of excessive doses of 
testosterone to elderly male patients, resulting in supraphysiologic serum 
testosterone concentrations, is not associated with increased libido.!®:!® The 
mechanism for increased sexual drive is poorly understood and may be due to a 
combination of causes, including a supratentorial component. 


In order for a penile erection to occur, a patient must have intact penile vascular 
and neurologic systems. The penis is composed of three vascular bodies: two 
dorsal corpora cavernosa and one corpus spongiosum. During an erection, the 
corpora fill with arterial blood, which must be trapped within the corpora. Thus, 
arterial blood flow must be adequate and the degree of arterial inflow must exceed 
the degree of venous outflow for penile tumescence to occur. When compounded by 
contraction of the ischiocavernosus muscles surrounding the bulbous urethra, these 
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effects produce a long, hard, penile shaft suitable for vaginal penetration. Thus, 
systemic antihypertensive agents, which decrease peripheral blood pressure, or 
diuretics, which decrease blood volume, may compromise arterial blood flow and 
cause erectile dysfunction. !©? 


Both the central and peripheral nervous systems can mediate a penile erection. 
With visual, olfactory, auditory, tactile, or gustatory sexual stimulation, the brain 
sends nerve impulses down the spinal cord. Preganglionic sympathetic nerve fibers 
emerge from the spinal cord at the thoracolumbar vertebra T11-L2; postganglionic 
neurotransmission to the corpora is mediated by parasympathetic pathways in the 
pelvic plexus. Tactile stimulation of the genitalia can also stimulate a somatic 
reflex nerve arc at the level of the sacral vertebrae S2 to S4. In either case, 
acetylcholine is the primary neurotransmitter responsible for penile tumescence. 
Acetylcholine probably works through noncholinergic, nonadrenergic 
neurotransmitters, such as nitric oxide, and secondary messengers, such as cyclic 
adenosine monophosphate and cyclic guanine monophosphate, to mediate corporal 
relaxation and blood filling of cavernosal tissue sinuses. Therefore, drugs that 
antagonize acetylcholine at its receptor, producing anticholinergic effects, can 
cause erectile dysfunction. !? 


In male patients with normal sexual function, antegrade ejaculation of seminal 
fluids out of the urethra occurs at climax. Antegrade ejaculation requires emission 
(or the movement of seminal fluids from the prostate, seminal vesicles, and vas 
deferens into the proximal urethra); contraction of the bladder neck sphincter (to 
prevent the retrograde flow of seminal fluids into the bladder); and contraction of 
periurethral skeletal muscles to propel the ejaculate out of the urethra. Emission 
and bladder neck closure are sympathetically mediated by norepinephrine.!”? Thus, 
postsynaptic a-adrenergic receptor antagonists (e.g., tamsulosin) block 
norepinephrine at its receptor and may lead to retrograde ejaculation or emission 
failure.'’”? The antegrade propulsion of ejaculate from the posterior urethra and out 
of the patient’s body is parasympathetically mediated. Thus, drugs with 
anticholinergic effects may cause delayed ejaculation.*?-’88°°! In addition, 
stimulation of central serotonin receptors appears to inhibit ejaculation. Thus, 
selective serotonin reuptake inhibitors are associated with anejaculation.!7! 


The ejaculate is composed of three major components: sperm-containing fluid 
from the vas deferens, fructose-containing fluid from the seminal vesicles, and 
prostatic secretions from the prostate. A normal ejaculate volume is 2 to 6 mL. 
Contributors of ejaculate volume include the seminal vesicles (75—80% of the total 
volume) and prostate (10% of the total volume), both of which are androgen- 
dependent tissues. Thus, medications that interfere with testosterone stimulation of 
these target tissues (e.g., finasteride) can decrease ejaculate volume.’® 


Following climax and ejaculation, the penis returns to a flaccid state. For 
detumescence to occur, venous outflow must exceed arterial inflow. Detumescence 
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is sympathetically mediated. Therefore, norepinephrine normally causes arteriolar 
vasoconstriction, thereby decreasing arteriolar inflow and causing cavernosal 
vasoconstriction. This improves venous outflow, and the penis eventually becomes 
flaccid. B,-adrenergic stimulation of peripheral blood vessels causes venodilation, 


which improves venous outflow and blood emptying from the corpora cavernosa. 
When detumescence does not occur, and the penile erection is sustained in the 
absence of sexual stimulation, priapism can develop. Penile pain may result from 
blood sludging within and hypoxia of cavernosal tissue. Permanent cavernosal 
injury may develop if priapism does not resolve on its own or is not treated 
appropriately. 

The mechanism of drug-induced priapism is poorly understood. Priapism may 
result from drug-induced increased arteriolar inflow to the cavernosa (e.g., 
hydralazine), drug-induced decreased venous outflow mediated by inhibition of a- 
adrenergic tone (e.g., phentolamine, phenothiazines, trazodone), blood sludging in 
the corpora because of platelet or clotting factor dysfunction (e.g., heparin, 
warfarin), or some other mechanism. !”7 


The fertility of a male is dependent on multiple physiologic functions: adequate 
quantitative and qualitative production of sperm and effective emission of sperm 
into the prostatic urethra. Luteinizing hormone and follicle-stimulating hormone 
(FSH) are essential for the induction of sperm production at puberty. After puberty, 
maintenance of spermatogenesis is dependent on FSH stimulation of Sertoli cells 
and the presence of adequate concentrations of testosterone in the seminiferous 
tubules so that spermatogonia can undergo differentiation and maturation into 
spermatozoa.!’? Normal semen parameters include a semen volume of 2 to 6 mL, a 
sperm concentration of at least 20 million per mL, at least 50% to 60% motile 
sperm, and at least 30% of sperm with normal morphology.!”’ Although variably 
defined, infertility refers to the inability of the female partner to become pregnant 
after 1 year or more of purposeful attempts to conceive.!”*!”* Infertility can be due 
to an inadequate number of sperm in the semen; abnormal sperm morphology, which 
interferes with their motility; or their ability to penetrate an egg. Thus, drug-induced 
infertility can result from damage to the Sertoli cells (e.g., antineoplastic alkylating 
agents, radiation therapy), interference with the maturation of sperm (e.g., 
antiandrogens), or motility of sperm (e.g., sulfasalazine, vaginal spermicides).”° 
The extent of damage to the germinal epithelium by antineoplastic agents is 
dependent on the pharmacologic class of agent used (alkylating agents are the most 
potent, followed by antimetabolites, vinca alkaloids, procarbazine, and cisplatin), 
dose used (higher doses cause worse damage than lower doses), combined use of 
alkylating agents (combination therapy causes worse damage than monotherapy), 
age of the patient (prepubertal males tend to be more resistant to the effects of 
antineoplastic chemotherapy than adult patients), and combined use with radiation 
(worse than with chemotherapy alone). !4° 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms of drug-induced sexual dysfunction in males are similar to those of 
patients with sexual dysfunction due to other causes (Table 33-7). With decreased 
libido, patients may report no desire for or interest in sexual intercourse. Patients 
commonly profess to be busy with work, engaged in other activities, or to not feel 
well and use these as excuses for having no desire. Decreased libido often results 
from a recent history of divorce, separation from a loved one, death of a spouse, 
sudden job loss, or performance anxiety. Patients with increased libido usually do 
not come to the attention of a clinician unless the patient’s sexual desires are 


inappropriate, such as in precocious puberty. !® 





Table 33-7 Signs and Symptoms Associated with Drug-Induced 





Sexual Dysfunction in Males 


Decreased libido 


* Decreased or absent desire for sexual intercourse, depressed mood 

* Gynecomastia, small testicles, decreased muscle mass, and decreased axillary and pubic body hair, 
decreased spontaneous erections, hot flashes, low bone mineral density, and subphysiologic serum 
testosterone concentrations 

¢ Patient may not complain of this adverse effect if he is not sexually active. 

¢ Symptoms are temporally related to start of causative drug, although onset may be variable after the 
causative medication is started. 

¢ Usually adverse effect resolves after the causative medication is discontinued. 


Erectile dysfunction 


¢ Absence of penile curvature or palpable plaques 

* Erectile dysfunction is temporally related to start of causative drug, although onset may be variable after the 
causative medication is started. 

* Erectile dysfunction may persist even after discontinuation of the suspected causative medication. 

¢ Inability to achieve a penile erection sufficient for successful intercourse; partner may express 
dissatisfaction or frustration with patient. 

* Inability to achieve a penile erection with stimulation; patient may have a medical illness that also causes 
erectile dysfunction for which the causative drug is being taken; for example, the patient may suffer from 
depression and need to take an antidepressant. 

* No signs of infection 

* Patient may not complain of this adverse effect if he is not sexually active. 

¢ Usually adverse effect resolves after the causative medication is discontinued. 


Ejaculation disorder 


* Absent, decreased, or delayed ejaculation; patient reports dry sex or lack of sexual satisfaction/enjoyment 
during climax; if retrograde ejaculation, patient reports cloudy urine immediately after intercourse; if 
premature ejaculation, patient reports ejaculation before intercourse or before climax is reached; partner 
may express dissatisfaction or frustration with patient. 

¢ Ejaculation disorder may persist even after discontinuation of the suspected causative medication. 
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¢ Ejaculation disorders are temporally related to start of causative drug, although onset may be variable after 
the causative medication is started. 

* If decreased ejaculation, semen volume is <1.5—2 mL. 

* Ifretrograde ejaculation, microscopic examination of urine after intercourse shows sperm. 

¢ Patient may not complain of this adverse effect if he is not sexually active. 


Priapism 


* Physical exam shows a rigid, hard dorsal surface of penis and a soft ventral surface. 

* Priapism is temporally related to start of the causative drug, although onset may be variable after the 
causative medication is started. 

¢ Priapism may result in permanent erectile dysfunction if not treated promptly. 

* Prolonged erection (>4 hr) in the absence of sexual stimulation; penis is painful and may be bluish in color. 

¢ This is considered a urologic urgency/emergency; patient needs to seek medical attention for this. 


Infertility 


¢ Female partner is unable to conceive despite | yr of trying. 

¢ Infertility due to radiation therapy and antineoplastic chemotherapy may take 1—10 yr to recover after the 
causative agent is discontinued; in some patients, drug-induced infertility is irreversible. 

¢ Infertility is temporally related to start of the causative drug, although onset may be variable after the 
causative medication is started; with antineoplastic chemotherapy, the onset of infertility is commonly 8—12 
wk after the start of treatment. 

* Semen analysis shows an abnormality: if volume is <1.5—2 mL, <50—60% of sperm are motile; if sperm 
concentration is <20 million/mL, <30% of sperm have normal morphology; increased serum concentrations 
of follicle-stimulating hormone. 


Patients with erectile dysfunction present with failure to achieve a penile 
erection sufficient for vaginal penetration. Although periodic erectile dysfunction 1s 
generally acceptable, a patient who experiences erectile dysfunction in more than 
50% of attempts at sexual intercourse should seek medical treatment if he wishes to 
be sexually active. !637!7> 


Patients with ejaculatory dysfunction may present with a variety of symptoms, 
including premature ejaculation, reduced ejaculation volume, retrograde 
ejaculation, delayed ejaculation, anejaculation (no ejaculation), or emission failure. 
With premature ejaculation, the patient ejaculates within one minute of vaginal 
penetration or before climax is_ reached, often rapidly followed by 
detumescence.!’! A chief problem is spousal dissatisfaction with the patient’s 
sexual performance. Alternatively, some patients report reduced ejaculatory 
volume. Confirmation of the existence of the problem requires measurement of 
ejaculatory volume prior to and after the supposed disorder developed, which is 
rarely performed in clinical practice. Thus, this is more often a subjective report by 
the patient. On the other hand, in patients with retrograde ejaculation, the patient 
usually reports “dry sex” and no antegrade flow of seminal fluid during climax. 
Instead, during the first urine voiding after intercourse, the patient may produce 
cloudy urine, which indicates the presence of seminal fluid in the urine. The 
presence of sperm in the urine can be confirmed by microscopic examination of a 
postejaculation urine sample. Anejaculation is a failure to ejaculate, which may be 
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due to a disorder of emission or a delay in emission. The patient complains of “dry 
991 
Sex. 


Patients with priapism often have a sickle cell anemia or chronic granulocytic 
leukemia, use combinations or large doses of erectogenic drugs, or have a history 
of unusually prolonged sexual activity or drug abuse. Because of a persistent 
painful erection for several hours, the patient will present for urgent or emergency 
care. Priapism more commonly involves the corpora cavernosa as opposed to the 
corpus spongiosum. Thus, the dorsal surface of the penis will be hard, but not the 
ventral surface.!/ 


In a patient with infertility, the failure to successfully impregnate his female 
partner after 1 year’s time is obvious. However, the diagnostic assessment to 
determine the cause generally requires an extensive workup, as the cause could be 
multifactorial. 


In the diagnostic evaluation of patients with sexual dysfunction, it is important 
to take a careful history of present illnesses, past medical problems and surgical 
procedures, and concurrent medications. In many cases, information should also be 
obtained from the spouse or significant other so that sensitive data collected from 
the patient regarding the nature of the sexual dysfunction can be corroborated. 
Knowledge of past medical problems and concurrent prescription and 
nonprescription medications is key to rule out diseases or other drugs or drug 
combinations that could be contributing to the patient’s current symptoms.”? 
Conditions to consider in the differential diagnosis of drug-induced sexual 
dysfunction are listed in Table 33-8. These medical conditions may cause sexual 
dysfunction or contribute to drug-induced sexual dysfunction. Therefore, if the latter 
is suspected, treatment of the underlying medical condition may correct the patient’s 
sexual dysfunction. In addition, patients with erectile dysfunction should be asked 
to complete a standardized, validated, self-assessment survey of sexual function, 
such as the International Index of Erectile Function or Brief Sexual Function 
Inventory.'”° This should be done at baseline and after a corrective measure has 
been instituted. Physical examination should include gross examination of the 
external genitalia and assessment of pelvic nerve function, including assessment of 


genitoperineal pain sensation, the bulbocavernosal reflex, and anal sphincter 


tone. !>! 


Patients evaluated for drug-induced diminished libido should undergo two 
serial measurements of serum testosterone concentrations, obtained in the morning 
at the same time each day. Repeated morning measurements are recommended 
because of the circadian pattern of endogenous testosterone secretion and because 
of substantial variability in serum testosterone concentrations throughout the day. In 
addition, the patient should be checked for physical signs of hypogonadism, 
including gynecomastia, decreased muscle mass, and undersized testes. 
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In patients with erectile dysfunction, no specific diagnostic tests are usually 
performed. With the availability of phosphodiesterase inhibitors (e.g., sildenafil), 
which are effective in the majority of patients with erectile dysfunction independent 
of the cause, diagnostic testing is not necessary. Nocturnal penile tumescence 
testing, penile Doppler ultrasound, cavernosography, and cavernosometry are 
generally reserved for patients with no response to phosphodiesterase inhibitors or 
when specific surgically correctable organic causes of sexual dysfunction are 
suspected. 


Patients with ejaculatory dysfunction should be requested to provide two semen 
samples under controlled conditions in the clinic. Each sample should be collected 
on a different day, and sample collection should be preceded by 3 days of sexual 
abstinence. The specimen should be checked for ejaculate volume and sperm 
motility and morphology. If retrograde ejaculation is suspected, a postejaculation 
urine specimen should also be evaluated for the presence of sperm. 


Table 33-8 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Sexual Dysfunction in Males 





Decreased libido 


¢ End-stage renal disease 

* Hyperprolactinemia 

* Moderate-severe chronic obstructive pulmonary disease 

* Primary hypogonadism due to testes removal (postorchiectomy) or injury (e.g., mumps orchitis) 
* Secondary hypogonadism due to hypothalamic or pituitary disorder or tumor 


Erectile dysfunction 


* Hormonal disorders (e.g., primary or secondary hypogonadism, hyperprolactinemia®) 

¢ Penile disorders (e.g., Peyronie disease, penile trauma, previous priapism, congenital penile anomalies, such 
as hypospadias) 

¢ Psychiatric disorders (e.g., depression, schizophrenia, performance anxiety) 

* Neurologic disorders (e.g., diabetes mellitus, spinal cord injury, stroke, postradical prostatectomy, postpelvic 
trauma with pelvic nerve injury, chronic alcoholism, peripheral neuropathy, Parkinson disease) 

* Vascular disorders (e.g., hypertension, arteriosclerotic cardiovascular disease, peripheral vascular disease) 


Ejaculation disorder 


* If anejaculation, long-standing diabetes mellitus, radical prostatectomy? 


¢ If premature or delayed ejaculation, performance anxiety 

¢ Ifretrograde ejaculation, prostatectomy, surgical injury to the bladder neck or diabetes mellitus, pelvic 
surgery (e.g., aorto-iliac reconstruction, colorectal excision), neurologic illness (e.g., multiple sclerosis, 
autonomic neuropathy, spinal cord injury) 


Priapism 


* Chronic granulocytic leukemia 
* Coagulopathy 
¢ Drug abuse 
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* Excessive sexual activity 

¢ Fat embolus during intravenous hyperalimentation 

* Glucose-6-phosphate dehydrogenase deficiency 

* Hemodialysis 

¢ Infections mediated by toxins (e.g., scorpion sting, spider bite, rabies, malaria) 
¢ Multiple myeloma 

* Neoplasms 

* Sickle cell disease 

¢ Spinal cord injury 

¢ Thalassemia 


Infertility 

¢ Absent or nonfunctional testes 

* Cryptorchidism 

¢ Extensive radiation therapy to pelvis 

¢ Hyperprolactinemia 

* Obstruction of epididymis or vas deferens (e.g., congenital cystic fibrosis) 
* Presence of antisperm antibodies, sperm dysfunction, or decreased sperm count 
¢ Primary or secondary hypogonadism 

* Testicular cancer 

* Testicular infection 

* Testicular trauma 


aThese disorders produce decreased libido and secondary erectile dysfunction. 


Patients with infertility are diagnosed with semen analysis and FSH serum 
concentrations. Patients with drug-induced infertility due to testicular damage 
present with increased FSH, azoospermia/oligospermia, decreased semen volume, 
abnormal sperm motility and morphology, or all of these. Antineoplastic 
chemotherapy is one of the most common causes of infertility. The usual onset is 8— 
12 weeks after the start of chemotherapy. The incidence and duration of infertility 
are greater with the use of alkylating agents in high doses in repeated cycles, which 
are associated with extensive damage to spermatogonia.!”* Recovery of fertility is 
dependent on the number of remaining functional spermatogonia after 
chemotherapy. Significant delays in recovery, up to several years after the last dose 


of chemotherapy, are due to extensive reduction in the numbers of spermatogonia 


and stem cells. !“° 


RISK FACTORS 


Specific risk factors for drug-induced sexual dysfunction in males have been 
proposed but not confirmed. Possible risk factors for drug-induced sexual 
dysfunction in males are listed in Table 33-9. Several factors associated with 
diminished sexual function include age >40 years, smoking, drinking excessive 
amounts of alcohol, cardiovascular disease, hypertension, diabetes mellitus, spinal 
cord injury, stroke, cancer, and mental depression or other psychiatric illness.!7”-!7° 
In addition, the risk of drug-induced sexual dysfunction is greater in patients taking 
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combinations of drugs known to cause sexual dysfunction. In all patients with 
sexual dysfunction, independent of the etiology, elimination of these risk factors 
and/or treatment of underlying diseases that could contribute to sexual dysfunction 
is always recommended. 


MORBIDITY AND MORTALITY 


Except for priapism, drug-induced sexual dysfunction is largely a benign 
disease.'’? Patient morbidity is largely related to the negative impact of drug- 
induced sexual dysfunction on the quality of life of affected patients and their 
partners.'8°-!8! Depression, performance anxiety, and lack of self-confidence or 
diminished self-esteem can result. Priapism can be painful. 


Decreased libido, erectile dysfunction, and ejaculatory disorders do not result 
in mortality. Some patients may not seek medical treatment for sexual dysfunction, 
as they attribute these disorders to the natural aging process, are not sexually active 
or do not have a sexual partner, are embarrassed to seek treatment, or do not think 
the adverse effect is important (e.g., a 65-year-old male who already has many 
children may not be concerned about infertility). 


Untreated priapism or priapism that responds poorly to drug or surgical 
intervention may result in penile fibrosis, which can lead to irreversible erectile 
dysfunction. In one rare case of papaverine-induced priapism, a pulmonary 
embolus developed.!” 


PREVENTION 








Minimizing risk factors associated with drug-induced sexual dysfunction may 
prevent the disease (Table 33-9). Drugs known to cause sexual dysfunction should 
be avoided in young, sexually active males, if possible. If this is not possible, these 
drugs should be used at the lowest effective dose for the shortest period of time. 


Table 33-9 Risk Factors for Drug-Induced Sexual Dysfunction 


in Males!3150,169,177-179 





Vascular risk factors 


¢ Arteriosclerotic cardiovascular disease 
* Hyperlipidemia 

* Hypertension 

¢ Peripheral vascular disease 

* Sickle cell anemia 

¢ Smoking 
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Neurologic risk factors 


* Chronic alcohol use 

* Diabetes mellitus 

¢ Parkinson disease, various causes 

* Pelvic trauma with nerve injury 

* Postradical prostatectomy or retroperitoneal surgery 
Spinal cord injury 
Stroke 


Hormonal risk factors 

* Hyperprolactinemia 

* Hyperthyroidism 

* Hypothyroidism 

* Primary or secondary hypogonadism 


Psychogenic risk factors 


* Anxiety disorder 
* Depression 
* Psychosis 
Strained relationship with significant other 


Other risk factors 


Cancer 
* Kidney failure 
* Liver failure 
* Obesity 
* Penile disorder (e.g., Peyronie disease, penile injury, penile fracture) 
* Poor physical health 
* Recreational drug abuse 
* Respiratory failure 


Comorbid conditions that have been associated with sexual dysfunction should 
be treated optimally (Table 33-8). Lifestyle modifications, such as smoking 
cessation, weight loss, and avoidance of excessive alcohol use (which decreases 
libido and secondarily produces erectile dysfunction) should be implemented, if 
necessary. Often, optimal treatment of an underlying condition that could be 
contributing to erectile dysfunction can help reduce the sexual disorder.'*? Taking 
complete and careful medical and medication histories is important so that 
unnecessary medications can be discontinued. This should be followed by 
evaluation of pertinent physical examination findings. Laboratory tests, such as 
measurement of serum testosterone concentrations and semen analyses, should not 
be obtained routinely in patients for whom a drug is prescribed that has been 
associated with sexual dysfunction; such laboratory tests should be obtained only if 
the patient has a medical history and symptoms that are consistent with drug- 
induced sexual dysfunction. Table 33-10 describes a general approach to prevent 
drug-induced sexual dysfunction and infertility. 
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Table 33-10 Approaches to Help Prevent Drug-Induced Sexual 


Dysfunction in Males 





¢ Maintain heart-healthy lifestyle: do not smoke, avoid excessive alcohol, maintain ideal body weight, and 


exercise regularly. 150,177,178 

* If patient has hypertension, diabetes mellitus, or depression, he should optimize treatment of these conditions. 

* Ifthe patient is older than 50 yr of age, he should undergo an annual urologic evaluation to check for 
genitourinary tract disorders (e.g., benign prostatic hypertrophy, prostate cancer) that could affect sexual 
function. 

¢ Ifthe patient will need to take a medication that may cause sexual dysfunction or infertility, the healthcare 
professional should consider any of the following measures: if possible, to minimize the risk of drug-induced 
sexual dysfunction: use the lowest effective dose of the medication, change the timing of the medication so 
that the peak serum concentration does not occur when the patient wants to be sexually active (this works 
for medications with short half-lives or that cause sedation), or switch the patient from a medication with a 
higher prevalence of sexual dysfunction to a medication with a lower prevalence of sexual dysfunction. 


It has been suggested that prescribers can choose medications that are less 
likely to cause sexual dysfunction for sexually active patients. Published literature 
is available for a limited number of pharmacologic categories of medications. For 
example, among the antipsychotic agents, olanzapine, aripiprazole, and quetiapine 
appear to cause less sexual dysfunction than risperidone.?!!?! Among _ the 
antihypertensives, angiotensin Il-receptor antagonists, angiotensin-converting 
enzyme inhibitors, and calcium antagonists appear to cause less sexual dysfunction 
than thiazide diuretics, sympatholytics, and B-adrenergic antagonists.'°* Among the 
antidepressants, bupropion, mirtazapine, nefazodone, and vilazodone appear to 
cause less sexual dysfunction than sertraline, venlafaxine, citalopram, paroxetine, 
fluoxetine, imipramine, phenelzine, duloxetine, escitalopram, and 
fluvoxamine.*°’%-!>7!7> Among the anticonvulsants, levetiracetam and topiramate 
appear to cause less sexual dysfunction than other agents.°” However, it is 
important to recognize that literature comparing the frequency of sexual dysfunction 
among agents in the same pharmacologic category includes many poorly designed 
research studies; most are not randomized controlled trials, standardized 
definitions of sexual dysfunction were not used, patient sample sizes are small, and 
study results often conflict with one another. Also, in some patient cases, choosing 
an agent with a lower propensity to cause sexual dysfunction may not be possible, 
as the patient’s underlying medical illness may not respond to the medication. 


MANAGEMENT 


Treatment options for the management of drug-induced sexual dysfunction are 
presented in Table 33-11. When drug-induced sexual dysfunction occurs and the 
patient seeks treatment, it is recommended that the causative agent be discontinued 
or stopped temporarily (drug holiday). After an adequate washout period, the 
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patient should be reassessed to determine whether sexual dysfunction is still 
present. If the offending agent cannot be discontinued, dose reduction is often 


helpful. Alternatively, replacing the causative agent with a drug that is associated 


with a lower likelihood of causing sexual dysfunction could be considered.!?°!?! 


However, as mentioned in the section “Prevention,” this strategy may not be 
effective and could compromise treatment of an underlying medical condition that 
requires treatment. For certain types of drug-induced sexual dysfunction, specific 
treatments have been described in the literature. However, in many cases, no direct 
comparison studies have been performed to determine whether one specific 
treatment is more effective than another. In addition, implementation of drug therapy 
to treat a disease caused by another drug is never a preferred management 
approach, as it adds to the patient’s drug costs and is usually associated with 
additional adverse effects. Pharmacotherapy for the purpose of treating sexual 
dysfunction induced by another drug should be implemented only when other 
measures fail or are not feasible. 


Table 33-11 Approaches to Manage Drug-Induced Sexual 





Dysfunction in Males 


In all cases of drug-induced sexual dysfunction, management should include the following: 

* Temporarily holding (drug holiday), discontinuing, or reducing dose of offending agent, if possible 

¢ Switching to another drug that does not cause or ts less likely to cause sexual dysfunction, if possible 
* Initiating a specific drug to treat sexual dysfunction only if first two steps do not work or cannot be 





implemented 

Type of 

Dysfunction Additional Management Approaches 

Decreased libido * Psychotherapy or counseling 

* If patient has low serum testosterone concentration, consider testosterone 

supplementation (e.g., testosterone cypionate or testosterone enanthate 
200 mg intramuscularly q 3—4 wk), provided the patient has no 
contraindications, 159,165 

Erectile dysfunction ¢ Initiate a phosphodiesterase type 5 inhibitor (e.g., sildenafil 50-100 mg 


orally 1 hr before sexual intercourse; vardenafil 10-20 mg orally [Levitra] 
or 10 mg on the tongue [Staxyn] | hr before sexual intercourse; tadalafil 
10—20 mg orally 30 min before sexual intercourse or 2.5—5 mg daily; or 
avanafil 100—200 mg orally 15 min before sexual intercourse). 

¢ If oral agents are unsuccessful or contraindicated, initiate mtracavernosal 
alprostadil (e.g., alprostadil 10 mcg intracavernosally 30 min before 
intercourse) or intraurethral alprostadil 125—250 mcg 30—60 min before 
intercourse. 

¢ If oral agents are unsuccessful or contraindicated, initiate use of a vacuum 
erection device. 

¢ Surgical implantation of a penile prosthesis is a treatment of last resort; it 
is highly effective but is associated with more potential adverse effects 
than medical treatments. 
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Ejaculation disorder 


Priapism 


Infertility 


The American Urological Association has published guidelines on 


management of erectile dysfunction! 83 ; other management guidelines 


have been published. 175,179,184 


If retrograde ejaculation or emission failure, initiate imipramine 25—50 mg 
daily for 7 days prior to planned sexual activity, or pseudoephedrine 60 mg 


1 hr prior to planned sexual activity.? 192 
For anejaculation, penile vibratory stimulation, rectal probe 
electroejaculation, or direct microsurgical sperm harvesting has been 


employed. 92 
If premature ejaculation, psychotherapy or other self-control techniques 
may be useful. Alternatively, manual squeezing of the glans penis to stop 


ejaculation may be helpful! 74, alternatively, application of 2% lidocaine 
jelly or lidocaine 2.5%/prilocaine 2.5% cream (EMLA) to the glans penis 
20-30 min before coitus may decrease sensitivity of penis to tactile 
stimulation; however, a condom should be applied after topical application 


to prevent inadvertent exposure to female partner!®6, administration of 


sertraline 25—200 mg orally daily, paroxetine 10—40 mg orally daily, 
fluoxetine 5—20 mg orally daily, or clomipramine 25—50 mg orally daily for 
1 or 2 wk, which produces anejaculation, has been used with some 


success? 15197,185. these agents have also been dosed as an episodic 


regimen, several hours before sexual intercourse, instead of daily. 186 The 
American Urological Association has published guidelines on management 


for premature ejaculation 8°, other published recommendations are 


available for ejaculation disorders.89-91,92,187 


Sedate patient to reduce central nervous system stimulation that might be 
causing or exacerbating priapism. 

Put the patient in a quiet, darkened room. 

Apply ice packs to the penis. 

Aspirate and irrigate sludged blood from corpora, if necessary. 

If due to excessive use of intracavernosal alprostadil, can use 
intracavernosal phenylephrine (100-500 mcg/mL) 1 mL q 3—5 min until 
detumescence occurs. 

Initiate surgical arteriovenous shunts of the corpora as a treatment of last 
resort. 

The American Urological Association has published guidelines on 


management of priapism! 88, other published recommendations are 


available, 115,172,192 


Reassure the patient that after a significant time after the last dose of 
chemotherapy, fertility may return; however, the time to recovery is highly 
dependent on the degree of damage to the germinal cells; if the patient is 
receiving antineoplastic chemotherapy for cancer, the benefit of continuing 


treatment outweighs the risk of this adverse effect. 174 

Sometimes, this adverse effect can be minimized by using lower doses of 
drugs in combination and using combinations of drugs with a lower 
potential to cause infertility. 

Although a variety of hormonal therapies have been tried (e.g., 
testosterone supplements, clomiphene citrate, human chorionic 
gonadotropin), none has been uniformly effective. 
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¢ The American Urological Association has published guidelines on the 


diagnosis and management of infertility !®9, other published 
173,174 


recommendations are available. 





INFORMATION FOR PATIENTS 


Practitioners who counsel patients with drug-induced sexual dysfunction should 
have a clear understanding of the categories of sexual dysfunction so that there is no 
confusion in discussing the specific problem with the patient.”? Patients should be 
advised that drug-induced sexual dysfunction (with the exception of alkylating 
agent-induced infertility) is usually reversible following discontinuation of the 
culprit drug. Patients who are taking drugs that may cause sexual dysfunction should 
be counseled regarding the specific type(s) of dysfunction that could occur and the 
specific symptoms that may result. Patients should be advised to implement 
lifestyle changes (e.g., quitting smoking, reducing alcohol consumption, losing 
weight if obese) that may minimize the risk of drug-induced sexual dysfunction. 
Patients should be instructed to consult their healthcare provider if sexual 
dysfunction that interferes with their lifestyle or negatively impacts their quality of 
life occurs. Patients should be instructed to avoid using nonprescription 
medications, illicit drugs, and some herbal medicines, including those that may 
cause sedation, produce anticholinergic effects, have antiandrogenic effects, or 
inhibit hepatic metabolism of the offending drug, as these factors can worsen the 
degree of drug-induced sexual dysfunction. In addition, patients should inform the 
healthcare provider of any new medications so that these can be checked for 
interactions with existing medications that may cause or exacerbate drug-induced 
sexual dysfunction. If the patient has risk factors for priapism (e.g., the patient has 
sickle cell anemia or is using erectogenic drugs), he should be instructed to seek 
medical attention immediately if an erection persists for 4 hours or more. Because 
extensive radiation therapy and chemotherapy for cancer may cause irreversible 
damage to the testes and infertility, patients should be advised to bank semen before 
chemotherapy. After chemotherapy, to minimize teratogenic effects due to persistent 
drug-induced mutations to sperm, patients should be advised to delay conception 
for 6 months to 2 years after the last dose of chemotherapy. !”*!7 


Practitioners caring for patients with drug-induced sexual dysfunction should 
talk to these patients, respond to their questions, and anticipate their concerns. 
These cases must be handled with the utmost confidentiality. Counseling should 
take place in a quiet, secure area. The practitioner should project an attitude of 
caring and respect and be nonjudgmental in handling the patient’s issues. 


Some patients find it difficult to discuss their concerns regarding drug-induced 
sexual dysfunction. Practitioners can be helpful and proactive. For example, 
pharmacists can initiate a follow-up consultation session when refilling a 
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prescription by stating, “This medication may cause changes to your sexual function 
when used in usual doses. Has this been a problem for you?” Such a statement 
immediately puts the patient at ease because the patient is reminded up front that the 
problem is not unique and occurs commonly. Also, some patients who experience 
drug-induced sexual dysfunction may refuse to continue to take necessary 
medications. In this case, the pharmacist should discuss the benefits and risks of 
taking the medication, notify the prescriber of the problem, and offer options for 
management of the patient’s primary problem and for his drug-induced sexual 
dysfunction. 
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CHAPTER 34 


Gynecologic Diseases and Infertility in 
Women 


Judith A. Smith 


Drug-induced gynecologic diseases and infertility in women can have an enormous 
impact on the quality of life for those afflicted. The true incidence of drug-induced 
gynecologic diseases, dysfunctions, and disorders is difficult to estimate because of 
significant underreporting. The drug-induced gynecologic diseases have an 
insidious and inconsistent onset that can make prevention and diagnosis a 
challenge. Moreover, women often do not identify the relationship between the use 
of the offending agent and the onset of the gynecologic disease, dysfunction, or 
condition. Although appropriate interventions often can successfully manage and 
relieve the symptoms associated with the various drug-induced gynecologic 
diseases discussed in this chapter, some will result in irreversible outcomes such 
as sexual dysfunction or infertility. There is a need to continue research in the 
women’s health arena particularly to advance the management and prevention of the 
drug-induced gynecologic disorders addressed in this chapter. 


OVARIAN HYPERSTIMULATION 
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CAUSATIVE AGENTS 


Drug-induced ovarian hyperstimulation occurs after repeated or prolonged use of 
ovulation-induction agents such as antiestrogens (clomiphene citrate or tamoxifen), 
gonadotropins (gonadorelin, human chorionic gonadotropin [hCG]), or 
gonadotropin-releasing agonists (goserelin acetate). Drugs implicated in ovarian 
hyperstimulation are listed in Table 34-1.!-*° 


EPIDEMIOLOGY 


Ovulation-induction medications were introduced over 40 years ago. Drug-induced 
ovarian hyperstimulation has been reported to occur in up to 27.7% of patients 
receiving ovulation-induction drugs, with severe cases occurring in <2% of 
patients.*-° 


Table 34-1 Agents Implicated in Drug-Induced Gynecologic 
Diseases and Infertility in Women 





Incidence Level of Evidence* 


OVARIAN HYPERSTIMULATION1-36,b 





nw 


Clomiphene citrate 


Gonadotropins 


NK 


Gonadotropin-releasing agonists 


A 


Tamoxifen 


VULVOVAGINAL CANDIDIASIS37-42,c 





Antibiotics (systemic) B 
Corticosteroids NK C 
Hormone-replacement therapy C 
Oral contraceptives NK C 
Tamoxifen NK C 





VAGINAL BLEEDING DISORDERS: AMENORRHEA/OLIGOMENORRHEASS-61 


Antiepileptic drugs B 
Antihypertensive agents C 
Platinum analogues B 
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Estrogen NK C 
Goserelin NK C 
Medroxyprogesterone NK C 
Oral contraceptives NK C 
Progesterone C 
Spironolactone NK C 
Thalidomide NK C 





VAGINAL BLEEDING DISORDERS: MENORRHAGIA/MENOMETRORRHAGIA81-88 


Ginseng 


Z 
nw 
Q 


Human relaxin 


Z 
nw 
QD 


LevonorgestroLintrauterine 2-4% A 
contraceptive devices 

Selective serotonin reuptake <1% B 
inhibitors 


VAGINAL BLEEDING DISORDERS: DYSMENORRHEA1072,d 





SEXUAL DYSFUNCTION109-112,117-122 


Antiepileptic drugs C 
Antihypertensive agents B 
Antidepressants B 
Antipsychotics B 
Amphetamines NK C 
Bromocriptine NK C 
Cimetidine NK C 
Digoxin NK C 
Granisetron NK C 
Ketamine NK C 
Methadone NK C 
Methazolamide NK C 
Naproxen NK C 





1464 


O 


Norethandrolone 
INFERTILITY131-144 
Alkylating agents <60% 

Antiepileptic drugs 12-59% 
Anthracyclines <60% 

Bleomycin <60% 

Caffeine NK, dose-dependent 
Etoposide <60% 

Fluorouracil <60% 

Methotrexate <60% 

Platinum analogues <60% 

Thalidomide <60% 

Vinca alkaloids <60% 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


nw 
Q] Pr] OS] OB] wm] Sl al w]e) eS 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bOccurs in up to 27.7% of patients receiving ovulation-induction drugs, with severe cases occurring in less than 


2% of patients. 
cApproximately 17-39% of gynecologic office visits are associated with cases of vulvovaginal candidiasis. 


dThe incidence of dysmenorrhea in menstruating women ranges from 3—90%. 


MECHANISMS 


Gonadotropins or gonadotropin-releasing agonists are used in the follicular phase 
of the ovarian cycle to increase serum concentrations of follicle-stimulating 
hormone (FSH) and luteinizing hormone (LH), for the purpose of increasing the 
maturation of multiple ovarian follicles resulting in multiple ovulations.’ 
Antiestrogen agents interact with estrogen receptors at the hypothalamus, displacing 
endogenous estrogen, thereby disrupting the endogenous estrogen negative feedback 
loop effect.’ Ultimately, this results in stimulation of the release of FSH and LH, 
increasing the maturation of multiple ovarian follicles, producing multiple 
ovulations. Endogenous and exogenous hCG (or both) also likely contribute to the 
pathogenesis of ovarian hyperstimulation.’ It is believed that hCG stimulates 
continuous ovulation, and it may also increase ovarian capillary permeability.® 
Mechanisms of drug-induced ovarian hyperstimulation are described in Table 34-2. 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms associated with ovarian hyperstimulation are listed in Table 
34-3. This drug-induced disease may occur either early (within 7 days) or late 
(within 7-14 days) after initiation of drug therapy. The primary sign of ovarian 
hyperstimulation is significant enlargement of the ovary that leads to the leakage of 
protein-rich fluid from ovarian capillaries into the peritoneal space.” Drug-induced 
ovarian hyperstimulation may be associated with multiple nonspecific symptoms 
related to the accumulation of this peritoneal fluid and including abdominal 
distention, pain or a pulling sensation in the pelvis, nausea, vomiting, diarrhea, 
pleural effusions, dyspnea, or chest pain.* In addition to ovary enlargement, 
specific signs suggestive of ovarian hyperstimulation include ascites, oliguria, 
tachycardia, and, in severe cases, pleural effusion.©!! These signs and symptoms of 
drug-induced ovarian hyperstimulation must be differentiated from other conditions 
that may result in similar symptoms, such as gastrointestinal complications of 
ovarian cysts, endometriosis, and ectopic pregnancy. Conditions to consider in the 
differential diagnosis of ovarian hyperstimulation are presented in Table 34-4. 


RISK FACTORS 


Specific risk factors for the development of drug-induced ovarian hyperstimulation 
are not well established. Those that are known are listed in Table 34-5. Younger 
patients tend to be at higher risk because they have a larger number of recruitable 
follicles and gonadotropin receptors.!!-!* Although some data suggest that women 
with a history of polycystic ovarian syndrome may have an increased risk for drug- 
induced ovarian hyperstimulation, in most cases this drug-induced disease is not 
predictable.'*!© Repeated or prolonged cycles of clomiphene citrate and 
gonadotropins as well as high doses contribute to an increased risk of drug-induced 
ovarian hyperstimulation.!7-7! 


MORBIDITY AND MORTALITY 


Early or mild drug-induced ovarian hyperstimulation typically resolves without 
intervention and with no significant sequelae. However, severe cases of drug- 
induced ovarian hyperstimulation or cases that are diagnosed late can be life- 
threatening.* In the short term, the fluid shifts can result in significant ascites, 
intravascular volume depletion, and pleural effusion that may lead to significant 
breathing difficulties and, in rare cases, acute respiratory distress syndrome. 
Ascitic fluid can put pressure on the inferior vena cava and lead to decreased 
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cardiac output.* Severe cases of drug-induced ovarian hyperstimulation have been 
associated with significant thromboembolic events.>° In addition, patients are at 
risk of ovarian torsion or cyst rupture that may potentially lead to hemorrhage with 
fatal outcomes.>° Finally, although it is controversial if a truly causative 
relationship, ovarian hyperstimulation from use of fertility drugs has been 
associated with the development of ovarian cancer. !*?? 


PREVENTION 


A few measures may prevent drug-induced ovarian hyperstimulation, including 
suspending the treatment cycle of the offending agent, extending the interval 
between treatments with the offending agent, planning early follicular aspiration, or 
administration of albumin or concomitant progesterone therapy (Table 34-6).°>-° 
Patients should be monitored closely while undergoing any type of ovarian 
stimulation therapy with serum estradiol concentrations obtained prior to initiating 
each new cycle of treatment as well as after completion of each cycle and 
ultrasound performed at baseline and at least once after each treatment cycle. If 
serum estradiol concentrations increase rapidly at any time during the treatment or 
if ultrasound reveals massive follicle recruitment, one of the interventions 
described above should be undertaken to prevent the development of drug-induced 
ovarian hyperstimulation.*° In patients at increased risk for drug-induced ovarian 
hyperstimulation, a lower dose of hCG (5,000 international units instead of the 
standard 10,000 international units) may be administered. Alternatively, exogenous 
progesterone (50 mg intramuscularly, 100 mg intravaginal suppository, or 8% 
intravaginal gel) may be administered in place of additional doses of hCG to 
support the luteal phase.°?3! Another option is the intravenous administration of 
25% albumin during follicular aspiration; however, the effectiveness of this 
approach for prevention of drug-induced ovarian hyperstimulation has been 
variable.2032-34 


Table 34-2 Mechanisms of Drug-Induced Gynecologic Diseases 


and Infertility in Women 





Mechanism 


OVARIAN HYPERSTIMULATION1-36 


Clomiphene citrate Disrupts endogenous estrogen negative feedback loop 
at the hypothalamic level by blocking estrogen 
receptors inducing ovulation 


Gonadotropins Increase FSH and LH inducing multiple ovulations 


Gonadotropin-releasing agonists Increase FSH and LH inducing multiple ovulations 
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Tamoxifen Disrupts endogenous estrogen negative feedback loop 
at the hypothalamic level by blocking estrogen 
receptors inducing ovulation 





VULVOVAGINAL CANDIDIASIS37-46 


Antibiotics (systemic) Alter normal flora (lactobacilli) of vagina resulting in 
overgrowth of Candida 
Corticosteroids Increase glycogen content, increasing pH and 


promoting growth of Candida 


Hormone-replacement therapy Increases glycogen content, increasing pH and 
promoting growth of Candida 


Oral contraceptives Increase glycogen content, increasing pH and 
promoting growth of Candida 


Tamoxifen Increases glycogen content, increasing pH and 
promoting growth of Candida 


VAGINAL BLEEDING DISORDERS: AMENORRHEA/OLIGOMENORRHEASS-61 


Antiepileptic drugs Increase hormone-binding globulin, resulting in 
decreased binding of estradiol leading to ovarian 
dysfunction 

Antihypertensive agents Microvascular instability inducing breakthrough 
bleeding 

Alkylating agents and platinum analogues Direct toxic effects on oocytes that halts ovulation, 


inducing amenorrhea 


Chlorambucil Direct toxic effects on oocytes that halts ovulation, 
inducing amenorrhea 


Danazol Indirect inhibition of negative feedback loop of the 
hypothalamic—pituitary pathway, decreasing FSH/LH 
release and altering ovarian function 


Doxorubicin Direct toxic effects on oocytes that halts ovulation, 
inducing amenorrhea 


Estrogen Indirect inhibition of negative feedback loop of the 
hypothalamic—pituitary pathway, decreasing FSH/LH 
release and altering ovarian function 


Etoposide Direct toxic effects on oocytes that halts ovulation, 
inducing amenorrhea 


Goserelin Indirect inhibition of negative feedback loop of the 
hypothalamic—pituitary pathway, decreasing FSH/LH 
release and altering ovarian function 


Medroxyprogesterone Direct effect on uterine lining 


Methyldopa Increases prolactin concentrations; indirect effect on 
LH secretion 


Oral contraceptives Indirect inhibition of negative feedback loop of the 
hypothalamic—pituitary pathway, decreasing FSH/LH 
release and altering ovarian function 


Progesterone Indirect inhibition of negative feedback loop of the 
hypothalamic—pituitary pathway, decreasing FSH/LH 
release and altering ovarian function 
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Spironolactone 


Tamoxifen 


Thalidomide 





Microvascular instability, nducing breakthrough 
bleeding 


Indirect inhibition of negative feedback loop of the 
hypothalamic—pituitary pathway, decreasing FSH/LH 
release and altering ovarian function 


Direct toxic effects on oocytes that halts ovulation, 
inducing amenorrhea 


VAGINAL BLEEDING DISORDERS: MENORRHAGIA/MENOMETRORRHAGIA81-88 


Ginseng 


Human relaxin 


Levonorgestrol intrauterine contraceptive devices 


Methadone 


Selective serotonin reuptake inhibitors 


Unknown 


Induction of vascular endothelial growth factor 
receptor 


Unknown; possible changes in prostaglandin 
concentrations in uterine tissue 


Unknown 


Decreased clotting function 


VAGINAL BLEEDING DISORDERS: DYSMENORRHEA102 


Estrogen 


Oxytocin 


Progesterone 


Vasopressin 


SEXUAL DYSFUNCTION109-112,117-122 


Antiepileptic drugs 


Antihypertensive agents 


Antidepressants 


Antipsychotics 


Amphetamines 


Baclofen 


Rapid fluctuations in serum hormone concentrations; 
activation of inflammation cascade leading to pelvic 
swelling and pain 


Antidiuretic effect that alters uterme contractions to 
dysrhythmic and painful pattern 


Rapid fluctuations in serum hormone concentrations; 
activation of inflammation cascade leading to pelvic 
swelling and pain 


Antidiuretic effect that alters uterme contractions to 
dysrhythmic and painful pattern 


Increase serum concentrations of hormone-binding 
globulin, decreasing estradiol binding and altering the 
hypothalamic—pituitary axis regulation of hormone 
release 


Decrease vaginal lubrication; decrease libido via 
antiandrogenic and antidopaminergic activity 


Loss of libido and orgasm dysfunction by altering 
central serotonergic activity that disrupts 
hypothalamic—pituitary axis regulation of hormone 
release 


Elevate prolactin concentrations via inhibition of 
dopamine-2 receptors, which decreases libido and 
disrupts orgasms 


Loss of libido and orgasm dysfunction by altering 
central serotonergic and dopaminergic activity and, 
indirectly, hypothalamic—pituitary axis regulation of 
hormone release 


Proposed to be associated with inhibitory effects of 
GABAg receptors 
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Bromocriptine 


Cimetidine 


Digoxin 


Granisetron 
Indinavir 


Ketamine 


Methadone 


Methazolamide 
Naproxen 


Norethandrolone 


INFERTILITY131-144 


Alkylating agents 


Antiepileptic drugs 


Anthracyclines 


Bleomycin 


Caffeine 
Etoposide 


Fluorouracil 


Methotrexate 


Platinum analogues 


Thalidomide 


Vinca alkaloids 


Elevates prolactin concentrations, which decreases 
libido and disrupts orgasms 


Antiandrogenic effects 


Disrupts hypothalamic—pituitary axis regulation of 
hormone release 


Unknown 
Unknown 


Unknown; possible dissociation effects, altered muscle 
tone 


Decrease in lutenizing hormone production and 
subsequent testosterone concentrations 


Unknown 
Unknown 


Disrupts hypothalamic—pituitary axis regulation of 
hormone release 


Direct toxic effect on oocytes, permanently halt 
ovulation 


Increase serum concentrations of hormone binding 
globulin decreasing estradiol binding and decreasing/ 
halting ovarian function 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Unknown 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Direct toxic effect on oocytes, permanently halts 
ovulation 


Direct toxic effect on oocytes, permanently halts 
ovulation 


LH = luteinizing hormone, FSH = follicle-stimulating hormone. 


Table 34-3 Signs and Symptoms Associated with Drug-Induced 





Gynecologic Diseases and Infertility in Women 
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Ovarian hyperstimulation 


¢ Abdominal distention 

* Ascites 

* Chest pain 

¢ Diarrhea 

* Dyspnea 

¢ Enlargement of ovary 
¢ Nausea and vomiting 

° Pelvic pain 


Vulvovaginal candidiasis 


¢ Dyspareunia 

¢ Vaginal erythema 

¢ Vaginal pruritus 

¢ Vaginal swelling (edema) 

¢ White, curd-like vaginal discharge 


Vaginal bleeding disorders 


¢ Amenorrhea and oligomenorrhea 
Decreased cervical mucus 
Dyspareunia 

Irregular menses 
Irritability 

Mood swings 

No menses 

Vaginal dryness 

Vaginal wall thinning 

¢ Menorrhagia and menometrorrhagia 
Heavy menses (>80 mL) 
Irregular menses 
Prolonged menses 

Uterine fibroids 

Uterine polyps 

¢ Dysmenorrhea 

Abdominal cramping 
Backache 

Bloating 

Breast tenderness 

Fatigue 

Headache 

Mood changes 

Nausea 

Pelvic pain 

Syncope 

Vomiting 


oo0o0olmUmOMUUCOUCOUUCUCOO 


o0o00 CO CLO 


oooooumUmcOWUCUOUCOUCUCOUUCUCOOUCUCO 


Sexual dysfunction 


¢ Anger or fear 

¢ Anxiety 

¢ Dyspareunia 

* Fatigue 

* Loss of libido or desire (may present as depression) 
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¢ Vaginismus 

¢ Frequent/recurrent miscarriages 
¢ Inability to conceive 

* Irregular menses 

* No menses 


Infertility 
¢ Frequent/recurrent miscarriages 
* Inability to conceive 


* Irregular menses 
* No menses 





eee 


Treatment options for drug-induced ovarian hyperstimulation are described in 
Table 34-7. Mild cases in which patients present with some discomfort and for 
which the only physical finding is mild abdominal distention will resolve without 
any intervention. Fluid shifts can occur because of significant ascites, 
intravascular volume depletion, and pleural effusions. To help prevent progression 
and adverse sequelae related to these fluid shifts, patients should be instructed to 
increase fluid intake. Patients with moderate drug-induced ovarian hyperstimulation 
often present with increasing abdominal girth, pain, nausea and vomiting, diarrhea, 
shortness of breath, or any combination of these. Moderate ovarian 
hyperstimulation can be treated on an outpatient basis, but close monitoring and 
follow-up are required. These patients should be instructed to increase oral 
hydration and may benefit from a short course of intravenous hydration. Outpatients 
with moderate drug-induced ovarian hyperstimulation should be on strict bed rest 
and should monitor oral intake, weight, and urine output. Short-term use of 
antiemetic agents and analgesics can be used to alleviate nausea and mild pelvic 
pain. The administration of a  gonadotropin-releasing—hormone agonist 
(intramuscular leuprolide 7.5 mg once monthly) has been reported to be successful 
for the treatment of tamoxifen-induced ovarian hyperstimulation. 





Table 34-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Gynecologic Diseases and Infertility in Women 





Ovarian hyperstimulation 


¢ Endometriosis 
¢ Ectopic pregnancy 
* Ovarian cysts 


Vulvovaginal candidiasis 
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* Bacterial vaginosis 

* Chlamydia 

* Gonorrhea 

* Trichomoniasis 

¢ Urinary tract infection 


Vaginal bleeding disorders 


¢ Amenorrhea and oligomenorrhea 

Anorexia nervosa 

Endocrine disorders 

Excessive physiological stress 

Excessive psychological/emotional stress 
Hypothalamus tumor 

Metabolic disorders 

Pituitary tumor 

¢ Menorrhagia and menometrorrhagia 

o Abnormal endometrial hyperplasia 

o Endometrial cancer 

o Endometriosis 
) 
) 


oo00o0UCmUOUUCOUUCOO 


Fibroids 
Uterine polyps 
¢ Dysmenorrhea 
o Premenstrual syndrome 


Sexual dysfunction 


¢ Anxiety/anger or fear 
* Depression 

* Dyspareunia 

* Fatigue 


Infertility 


* Early menopause 
¢ Endocrine disorder 
¢ Metabolic disorder 


Table 34-5 Risk Factors for Drug-Induced Gynecologic Diseases 


and Infertility in Women 





Ovarian hyperstimulation 


* Polycystic ovarian syndrome 
* Younger age 


Vulvovaginal candidiasis 


* Diabetes 

¢ Heat/moisture 

* History of vulvovaginal candidiasis 
* Obesity 

* Pregnancy 
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¢ Tight clothing 


Vaginal bleeding disorders 


¢ Amenorrhea and oligomenorrhea 
Advancing age 
Anorexia 
Excessive exercise 
Perimenopause 
Poor nutritional status 
Psychological (i.e., work/family/school) stress 
* Menorrhagia and menometrorrhagia 
o Unknown 
¢ Dysmenorrhea 
o Early menarche 
o Family history 
o Heavy menses 
o High omega-6 fatty acid diets 


oo0o00O0UCOOUUCUCO 


Sexual dysfunction 


* Depression 

* Hypogonadism 

* Hypothyroidism 

* Hysterectomy 

* Oophorectomy 

* Schizophrenia 

* Vulvovaginal resection 


Infertility 


¢ Autoimmune diseases 
¢ Endocrine disorders 

* Epilepsy 

¢ Older age 


Table 34-6 Approaches to Help Prevent Drug-Induced 


Gynecologic Diseases and Infertility in Women 





Ovarian hyperstimulation 


¢ Add progesterone to treatment cycle 

¢ Extend interval between treatment cycles 
* Monitor serum estradiol concentrations 

* Perform pelvic ultrasound 

* Plan early follicular aspiration 

* Suspend treatment cycle 


Vulvovaginal candidiasis 


* Consume acidophilus/yogurt with activated cultures 
¢ Take prophylactic antifungal treatment when taking systemic antibiotics 
¢ Wear loose clothing and cotton undergarments 
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* Wipe away from vulvovaginal area after bowel movement 


Vaginal bleeding disorders 


* Amenorrhea and oligomenorrhea 
o Eat a well-balanced diet and exercise 
o Monitor the duration and frequency of menses episodes 
o Preserve ovarian function during cytotoxic exposure (1e., oral contraceptives) 
¢ Menorrhagia and menometrorrhagia 
Avoid aspirin use 
Monitor for early indirect signs/symptoms 
Anemia 
Monitor for low hemoglobin 
Monitor serum iron concentrations 
Use iron-replacement therapy 
Increasing duration of menses 
Consider use of oral contraceptives to reduce irregular bleeding 
* Dysmenorrhea 
o Avoid uterine stimulants (oxytocin, vasopressin) 
o Prophylactic use of anti-inflammatory agents (nonsteroidal anti-inflammatory drugs, cyclooxygenase-2 
inhibitors) 


ooo0o0Ucm0mWUmUCOUCOUCOO 


Sexual dysfunction 


¢ Identify and manage contributing symptoms (1e., vaginal dryness) 

* Offer alternative drug therapy options 

* Provide education to prepare patient 

* Provide resources for development of communication/coping skills for couples 


Infertility 


* Counsel patient and provide support resources 
* Decrease consumption of caffeme-containing beverages 
* Offer interventions prior to initiation of offending agent 
o Oocyte collection 
o Frozen embryos 
o Provide patient education 
o Consider use of oral contraceptives to halt ovulation during treatment with offending agent 


Patients with life-threatening cases of ovarian hyperstimulation present with 
significant ascites, intravascular volume depletion, possible pleural effusions, 
severe hemoconcentration, potential renal failure, risk for acute respiratory distress 
syndrome, or thromboembolic events. Hospital admission with immediate 
intervention is required. Aggressive intravenous fluid hydration is needed in 
patients with severe cases of drug-induced ovarian hyperstimulation characterized 
by dehydration with a hematocrit>45%.* The rate of infusion should be adjusted to 
maintain urine output >30 mL/hr. All diuretics, antihistamines, angiotensin- 
converting enzyme inhibitors, and nonsteroidal anti-inflammatory drugs (NSAIDs) 
should be discontinued or avoided to prevent future volume depletion. Once the 
patient’s condition has been stabilized, paracentesis is used, if necessary, to 
remove ascites fluid to alleviate pelvic pain and dyspnea. Because these patients 
are at risk for thromboembolic events, anticoagulation therapy with heparin (5,000 
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units subcutaneously every 12 hours) or low-molecular-weight heparin (e.g., 
enoxaparin 40 mg subcutaneously once daily) with or without sequential 
compression device therapy should be considered for the duration of the patient’s 
confinement to bed. Surgical interventions such as unilateral oophorectomy or 
removal of cysts may be required to prevent ovarian torsion or cyst rupture that 


may lead to intraperitoneal hemorrhage.* 


Table 34-7 Management of Drug-Induced Gynecologic Diseases and Infertility in Women 





Ovarian Vulvovaginal Vaginal bleeding 

hyperstimulation candidiasis disorders Sexual dysfunction Infertility 

IV fluids as appropriate Topical (intravaginal) | Amenorrhea and Topical estrogen « Gonadotropin- 

¢ Diuretics (e.g., Miconazole oligomenorrhea (intravaginal) releasing-hormone 


furosemide 20-40 
mg PO/IV) 

« Antihistamines 
(e.g., diphenhydr- 
amine 50 mg IV 


¢ 2% cream 5 g daily x 
7 days 

« 100 mg supp daily x 
7 days 


« 200 mg supp daily x 


« Combination oral 
contraceptives of 
preference (e.g., 
35-50 meg ethinyl 
estradiol with 0.5-1 


Estropipate cream 
(0.15%) 2-4 g once 
daily x 21 days, 

1 week off . 


agonist (e.g., 
leuprolide 3.75 mg 
IM once monthly) 
Oral contraceptives 


Estradiol vaginal « Cryopreservation 


q 4 hr as needed) 3 days mg norethindrone) cream (0.01%) 2-4 g > Embryo freezing 
+ Bed rest Clotrimazole Menorrhagia and once daily x 2 wk, > Oocyte freezing 
+ Antiemetic of + 1%cream 5 gdaily x Menometrorrhagia 2 weeks off > Ovarian cortex 

choice (e.g., ondan- 7-14 days + Combination oral + Conjugated freezing 

setron 8 mg IV q + 100 mg vaginal tablet contraceptives of estrogens cream > Follicle freezing 


8 hr) 

« Analgesics (e.g., 
acetaminophen 
500 mg q 6 hr as 
needed) 


daily x 7 days 
¢ 2-100 mg vaginal 
tablets daily x 3 days 
« 500 mg vaginal 
tablet x 1 day 


preference (e.g., 
35-50 meg ethinyl 
estradiol with 0.5-1 
mg norethindrone) 
« SSRI of choice (e.g., 
fluoxetine 20 mg 


(0.0625%) 0.5-2 g 
once daily x 21 days, 
1 week off 
Dienestrol cream 
(0.01%) 2-4 g once 
daily x 2 weeks, then 


. oaaconropti: Tioconazole daily or sertraline 1 g3 x weekly 
die * 6.5% ointment 5 g x 50-100 mg daily) f di cuatats 
agonist (leuprolide 1 dose , ) + Estradiol vagina 
7.5 mg IM once , acmenees: 3 Dysmenorrhea ring 0.05-0.1 mg per 


monthly) 

« Anticoagulation 
therapy (heparin 
5,000 units sub-Q q 
12 hr or enoxaparin 
40 mg sub-Q once 
daily) 


« 0.4% cream 5g 
daily x 7 days 
0.8 % cream 5 g 
daily x 3 days 
80 mg supp daily x 
3 days 

Oral 

Fluconazole 

¢ 150 mg orally x 
1 dose 


« NSAID of choice 
(i.e., ibuprofen 400- 
800 mg q 6 hr with 
food or naproxen 
250-500 mg twice 
daily as needed for 
pain) 

« Celecoxib 200 mg 
once daily 


day; replace every 

3 mo 

Vaginal lubricants 
or moisturizers as 
needed 

Sildenafil citrate 

50 mg orally ~60 
min prior to activity 
Vibrator or mechan- 
ical stimulation 


IM = intramuscular, IV = intravenous, PO = by mouth, NSAID = nonsteroidal anti-inflammatory drug, SSRI = selective serotonin 


reuptake inhibitor, sub-Q = subcutaneous. 


When drug-induced ovarian hyperstimulation is detected early and interventions 
and treatment can be performed on an outpatient basis, symptoms usually resolve 


within 1 week.° In moderate-to-severe cases when the patients typically require 
hospitalization, complete symptom resolution may take 10 days or more.®*° 


INFORMATION FOR PATIENTS 
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When planning ovarian-stimulation therapy, patients should be informed that they 
will need to be closely monitored. Patients should be told that if symptoms such as 
abdominal discomfort, shortness of breath, diarrhea, nausea, or vomiting occur, 
they should seek medical attention immediately. 


ULVOVAGINAL CANDIDIASIS 


CAUSATIVE AGENTS 


Drug-induced vulvovaginal candidiasis most often results from the use of systemic 
antibiotics causing an alteration in the normal flora of the vaginal canal and 
allowing for an overgrowth of Candida species. Drugs associated with drug- 
induced vulvovaginal candidiasis are listed in Table 34-1.37-4! 


EPIDEMIOLOGY 


Vaginal symptoms are one of the most common reports of women during annual 
gynecologic office visits.** Approximately 17% to 39% of these office visits are 


associated with cases of vulvovaginal candidiasis.°“* The majority of women 
(>75%) experience at least one case of vulvovaginal candidiasis during their 
lifetime, and many (up to 50%) suffer from recurrent or persistent cases of 


vulvovaginal candidiasis.*7° 


MECHANISMS 


An overgrowth of Candida albicans, C. tropicalis, C. glabrata, or C. parapsilosis 
resulting from environmental changes in the vagina that alter the natural flora causes 
vulvovaginal candidiasis, which is a common fungal infection.*’“+ Drug-induced 
vulvovaginal candidiasis results from change in the normal flora of the vaginal 
canal most often from the use of systemic antibiotics that causes an overgrowth of 
Candida species (Table 34-2).3/*° Oral contraceptives, corticosteroids, and 
hormone-replacement therapy can increase the pH and glycogen content of the 
vaginal secretions, favoring Candida infections.’ Retinoids such as acitretin also 
may alter vaginal secretions and indirectly change the natural flora of the vaginal 
canal.*8 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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Physical symptoms of vulvovaginal candidiasis range from absent to severe. 
Symptoms in patients presenting with drug-induced vulvovaginal candidiasis are no 
different from those in patients presenting with spontaneous cases of vulvovaginal 
candidiasis (Table 34-3). The most common presenting symptom is vaginal 
pruritus, which may or may not be accompanied by a white, curd-like, thick vaginal 
discharge often described by patients as “cottage cheese-like.” The infection 
typically originates in the vaginal canal and spreads to the vulva. The vulva and 
vaginal tissue may develop erythema, edema, or both because of local irritation and 
inflammation. The onset of signs or symptoms of drug-induced vulvovaginal 
candidiasis varies. As the infection progresses, symptoms increase and patients 
may report burning, soreness, and dyspareunia. 


When a patient presents with these vaginal symptoms, a vaginal smear (culture) 
should be obtained to determine whether the symptoms are a result of bacterial 
vaginosis, trichomoniasis, or candidiasis.*! Urinary tract infections should also be 
ruled out. Patients are often tested for gonorrhea or chlamydia, although neither has 
been closely associated with vaginal discharge.°>! Table 34-4 describes the 
conditions that should be considered in the differential diagnosis of drug-induced 
vulvovaginal candidiasis. 


RISK FACTORS 


A number of factors have been identified that predispose women to drug-induced 
vulvovaginal candidiasis (Table 34-5). These include younger age (<40 years), 
comorbid diseases or conditions, including diabetes, obesity, and pregnancy.**°? 
Environmental factors such as increased moisture and heat or tight clothing such as 
panty hose or use of panty liners or continuous use of cranberry juice may alter 
vaginal pH or acidophilus-containing products may alter vaginal normal flora and 
also increase a women’s risk of drug-induced vulvovaginal candidiasis.°* Sexual 
intercourse has not been reported as a means of transmission of vulvovaginal 
candidiasis.* 


MORBIDITY AND MORTALITY 


The majority of episodes of drug-induced vulvovaginal candidiasis are classified 
as “uncomplicated” and characterized by sporadic or infrequent episodes, mild 
symptoms, most likely caused by Candida albicans infection, and without any 
medical comorbities/complications. In these cases, symptoms typically resolve 
within 48-72 hours following initiation of appropriate therapy. Uncomplicated 
vulvovaginal candidiasis is not associated with morbidity. However, 
approximately 10% of cases of vulvovaginal candidiasis are more complicated and 
are associated with recurrent infections, significant symptoms (erythema, edema, 
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pruritus, and dyspareunia), likely to be non-Candida albicans infection, and occur 
in the presence of significant comorbidities such as diabetes, immunosuppression, 
or severe medical conditions. 


PREVENTION 


Methods to prevent drug-induced vulvovaginal candidiasis are described in Table 
34-6. Behavior modification, such as wearing loose clothing and cotton 
undergarments and wiping away from the vulvovaginal area after bowel 
movements, can help prevent episodes of drug-induced disease.°* It has been 
suggested that consuming yogurt with “activated cultures” or taking /actobacillus 
acidophilus capsules to maintain the balance of the normal flora in the vaginal tract 
may prevent drug-induced vulvovaginal candidiasis infections when consumed 
short-term during a course of antibiotics.4! Therapy with vitamin C (250 mg 
intravaginally for 6 days), which is available by prescription, may increase vaginal 
secretions and reduce infection and may help prevent drug-induced vulvovaginal 
candidiasis.°> Douching with vinegar and water, yogurt, or potassium sorbate may 
help prevent reinfection by restoring the acidic pH to the vulvovaginal canal.*! 


For patients who routinely experience episodes of vulvovaginal candidiasis 
when taking systemic antibiotics, prophylactic antifungal treatment should be 
considered. Preventive treatment should be initiated simultaneously with the first 
dose of antibiotics. A topical azole drug (miconazole, clotrimazole, ticonazole, 
terconazole) may be administered for 3—7 days as indicated, or two doses of 
fluconazole 150 mg may be administered 72 hours apart.*” Measures for prevention 
of drug-induced vulvovaginal candidiasis may improve adherence to and 
completion of prescribed antibiotic regimens.**7 


MANAGEMENT 


Drug-induced vulvovaginal candidiasis can be effectively treated with antifungal 
topical cream or vaginal suppositories administered for 1, 3, 7, or up to 14 days in 
severe cases when symptoms do not resolve after one course of treatment (Table 
34-7). The most common topical antifungal agents used to treat vulvovaginal 
candidiasis include miconazole and clotrimazole, both of which are available 
without a prescription in the United States, and terconazole, which is still only 
available by prescription in the United States.4’ For both prescription and 
nonprescription topical regimens, the recommended duration of treatment ranges 
from 1 to 7 days, depending on the dose and strength of the agent selected. The 
treatment cycle may be repeated if symptoms persist after one course. For 
complicated infections, the most effective option is a single 150 mg oral dose of 
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fluconazole with the dose repeated after 3 days.*’ This treatment approach also 


requires a prescription in the United States. The strategies discussed above for 
prevention of drug-induced vulvovaginal candidiasis may also have some benefit 
for treatment. 


Patients with significant erythema, edema, and local irritation may require more 
prolonged treatment (up to 14 days) to achieve a complete response and eradication 


of all symptoms.*°»! Although topical therapy provides more immediate relief of 
symptoms as compared with oral treatment, either route will successfully eradicate 


vulvovaginal candidiasis.4°>!>4 


INFORMATION FOR PATIENTS 


Wearing loose clothing and cotton undergarments to limit excessive moisture to the 
vulva area will help reduce patients’ risk of drug-induced vulvovaginal 
candidiasis.°! Exposure to the Candida organisms can be minimized if patients 
remember to wipe away from the vulva area after a bowel movement.*! Patients 
should seek medical attention for diagnosis of the first vulvovaginal candidiasis 
infection.“+* However, patients with recurrent drug-induced vulvovaginal 
candidiasis infections should learn to recognize the symptoms and begin early self- 
treatment with nonprescription medications.*!™ Patients that receive fluconazole 
for treatment need to be reminded not to consume alcohol for a least 7 days after 
completing treatment. 


AGINAL BLEEDING DISORDERS 


AMENORRHEA AND OLIGOMENORRHEA 
CAUSATIVE AGENTS 


Agents that alter hormone balance directly or indirectly are associated with drug- 
induced amenorrhea (cessation of menses), oligomenorrhea (irregular menses), or 
intermenstrual bleeding.*>-°! Drugs that are known to be toxic to actively dividing 
cells may induce premature or temporary ovarian failure that presents as drug- 


induced amenorrhea/oligomenorrhea.°° For example, drug-induced amenorrhea is 
an unfortunate long-term consequence of chemotherapy used to treat cancer and 


autoimmune disorders such as systemic lupus erythematosus.°?°’ Other agents may 
affect microvascular stability or hormone production/release, causing drug-induced 


amenorrhea/oligomenorrhea (Table 34-1).°>-*! 
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EPIDEMIOLOGY 


A persistent menstruation disorder is often the primary reason for a woman to seek 
medical attention. Both amenorrhea and oligomenorrhea are often symptoms of 
more complex endocrine, gynecologic, or metabolic disorders.” Intermenstrual 
bleeding, often described as breakthrough bleeding, is bleeding that occurs 
between regular menses and is usually associated with nonadherence with oral 
contraceptives or inadequate doses of oral contraceptives based on endogenous, 
baseline hormone concentrations that may vary between individuals. 7! 


Antiepileptic drugs such as phenytoin, valproic acid, and carbamazepine alter 
various aspects of endocrine function, although endocrine dysfunction has itself 
been associated with epilepsy. From 12% to 59% of women receiving antiepileptic 
drugs experience amenorrhea/oligomenorrhea.’ More than 60% of women 
receiving cytotoxic chemotherapy have experienced one or more symptoms of 
ovarian failure.“+ The incidence of amenorrhea/oligomenorrhea associated with 
other drugs is unknown, as the evidence is published primarily in the form of case 
reports. 


MECHANISMS 


Drugs can affect uterine function through direct effects on the endometrium, such as 
causing microvascular instability that leads to breakthrough bleeding.”! 
Antineoplastic drugs exert a direct toxic effect on oocytes, decreasing follicular 
formation and halting ovulation, leading to amenorrhea.~° Drugs can also indirectly 
inhibit the negative feedback loop of the hypothalamic—pituitary pathway via 
modulation of serum hormone concentrations. This leads to decreased FSH and LH 
release, resulting in decreased ovarian function and _ induction of 


amenorrhea/oligomenorrhea.°* 4 


Antiepileptic drugs such as phenytoin and carbamazepine have been reported to 
increase serum concentrations of hormone-binding globulin, resulting in increased 
binding of estradiol and thus less free/active circulating estradiol resulting in 
amenorrhea/oligomenorrhea.’-’? The mechanism of valproic acid-induced 
amenorrhea is not well understood, but it is thought to be related to weight gain, 
elevated serum insulin concentrations, and decreased serum concentrations of 
insulin-like growth factor I, leading to decreased ovarian androgen synthesis. ”-’"*! 
Mechanisms of drug-induced amenorrhea and oligomenorrhea are described in 
Table 34-2.5>-6! 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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Patients with drug-induced amenorrhea/oligomenorrhea often will present with 
either no menses or irregular bleeding. These symptoms may occur at any time after 
therapy with the causative drug is initiated. Amenorrhea is a common presenting 
symptom of ovarian failure and is typically not the only symptom that patients may 
experience related to the hormonal imbalances. Other symptoms include mood 
swings, irritability, vaginal dryness, dyspareunia, decreased cervical mucus, and 
thinning of the vaginal mucosa (Table 34-3).°° 


Drug-induced amenorrhea/oligomenorrhea must be differentiated from other 
causes, including endocrine disorders, metabolic disorders, anorexia nervosa, 
pituitary or hypothalamus tumors, or excessive psychological or emotional stress 


(Table 34-4).©° 


RISK FACTORS 


Women who have advanced in age to the perimenopausal stage are more 
susceptible to drug-induced amenorrhea/oligomenorrhea.»> The probability of 
permanent chemotherapy-induced amenorrhea or menopause increases 
proportionally with advancing age.°> Poor nutritional status caused by crash diets 
Or anorexia nervosa can also influence the susceptibility to drug-induced 
amenorrhea/oligomenorrhea.” Physiologic stress such as excessive exercise (e.g., 
marathon training programs) and _ psychological stress (e.g. anxiety, 
work/school/family pressure) also increases the risk of drug-induced 
amenorrhea/oligomenorrhea (Table 34-5). 


MORBIDITY AND MORTALITY 


Drug-induced amenorrhea/oligomenorrhea is not associated with increased 
mortality but can significantly impact quality of life. Drug-induced 
amenorrhea/oligomenorrhea may interfere with the ability to plan conception as 
well as to conceive and can be associated with numerous other undesirable 
symptoms that interfere with daily activities and relationships, including vaginal 
dryness, moodiness, and _ painful intercourse.->°-/? - Drug-induced 
amenorrhea/oligomenorrhea may disguise underlying gynecologic and endocrine 
conditions requiring medical evaluation, including polycystic ovarian syndrome 
and hypothyroidism.%-*? 


PREVENTION 


No specific studies have addressed the prevention of drug-induced 
amenorrhea/oligomenorrhea. Oral contraceptives and gonadotropin-releasing 
hormone (GnRH)—agonists inhibit ovarian function, primarily ovulation, which may 
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decrease susceptibility to the gonadotoxic effects of chemotherapy.°!483 The use 
of oral contraceptives or GnRH-agonists during courses of cytotoxic chemotherapy 
has demonstrated some benefit in the prevention of drug-induced ovarian 
failure/amenorrhea; this preventive strategy 1s successful primarily in younger 
patients.©-°!-80 Use of GnRH agonists has shown limited benefit for the prevention 
of chemotherapy-induced amenorrhea/ovarian failure in perimenopausal 
women.™:°! Maintenance of a well-balanced diet with regular exercise may help 
reduce the risk of developing drug-induced amenorrhea/oligomenorrhea (Table 34- 
6). 


MANAGEMENT 


Treatment options for drug-induced amenorrhea/oligomenorrhea vary depending on 
the causative agent. Drug-induced amenorrhea/oligomenorrhea associated with the 
use of progesterone implants can be reversed, if the patient desires, by 
discontinuing the implant and selecting an alternative contraceptive agent, such as 
oral contraceptives, or using alternative modes of contraception such as barrier 
methods.®°-’? Breakthrough bleeding can be decreased by encouraging better patient 
adherence or use/changing hormone concentration of the oral contraceptive product 
(OCP). If breakthrough bleeding is occurring early in the menstrual cycle, an OCP 
with higher estrogen content (up to 50-mcg ethinyl estradiol) may help or, if later in 
the cycle, an OCP with higher progesterone content may help.°? 


Once the causative agent is discontinued or doses modified, drug-induced 
amenorrhea/oligomenorrhea usually resolves within 4-6 weeks (Table 34-7). 
GnRH agonists (e.g., leuprolide 3.75 mg intramuscularly once monthly) may 
promote the reversal of chemotherapy-induced amenorrhea/ovarian failure in some 
younger patients.°!480 However, because chemotherapy-induced amenorrhea 
(ovarian failure) is often permanent, in most cases it is advisable to discuss 
alternative options to compensate for future infertility, such as cryopreservation of 
embryos, unfertilized ova, or ovary cortex tissue (contains primordial follicles) 
before chemotherapy administration.©? 


INFORMATION FOR PATIENTS 


Patients receiving drugs that may induce amenorrhea or oligomenorrhea should be 
counseled that amenorrhea is the absence of menstrual bleeding and 
oligomenorrhea is the presence of infrequent/irregular menstrual cycles, and that if 
either occurs a healthcare provider needs to evaluate the patient. Patients who will 
be receiving cancer chemotherapy agents that may cause drug-induced amenorrhea 
and ovarian failure should be informed of the potential for occurrence of this drug- 
induced disease. Healthcare providers should discuss the potential impact on 
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fertility and options for future childbearing with the patient before chemotherapy 
administration.°+°:80:8! 


MENORRHAGIA AND MENOMETRORRHAGIA 


Menorrhagia, also described as heavy menstrual bleeding, is prolonged menses or 
excessive bleeding that occurs at regular intervals. Menometrorrhagia, also 
described as intermenstrual bleeding, is prolonged menses or excessive bleeding 
that occurs at irregular intervals. 


CAUSATIVE AGENTS 


Drug-induced menorrhagia has been reported with the use of selective serotonin 
reuptake inhibitors (SSRIs), hormones (estrogen and progesterone), intrauterine 


contraceptive devices (IUDs), and prostaglandins (Table 34-1).8!-8° Drug-induced 
menometrorrhagia has been found to be associated with the oral and topical use of 
ginseng and the investigational agent recombinant human relaxin, which is a 
disease-modifying agent that has demonstrated benefit in the treatment of 
scleroderma.*’*8 


EPIDEMIOLOGY 


The incidences of drug-induced menorrhagia or menometrorrhagia have not been 
clearly determined. There are few case reports or reviews that describe the 
risk. ’°8°-°! Th one large study evaluating the associated risk of bleeding caused by 
SSRIs, the incidence of drug-induced menorrhagia or menometrorrhagia was 
<1%.°* As many as 50% of women receiving maintenance therapy with methadone 
experience drug-induced menorrhagia or menometrorrhagia.” Historically, 
menorrhagia and menometrorrhagia are among the most common reasons for 
discontinuing IUD use, as the incidence of these diseases increases by 70—100% in 
association with the insertion of copper-containing IUDs. However, the incidence 
of menorrhagia or menometrorrhagia is only approximately 24% in patients using 


the levonorgestrel-releasing IUD.” 


MECHANISMS 


Serotonin receptors, those specific for 5-hydroxytryptamine,,, are expressed on 


platelets. Serotonin is released during platelet activation and binds to these 
receptors, contributing to platelet aggregation and thrombus formation. 
Administration of SSRIs results in a relative decrease in clotting function, resulting 
in potential episodes of drug-induced menorrhagia.*!** The cause of increased 
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blood loss in association with IUDs is unclear. When exposed to IUDs, 
concentrations of hydrogen peroxide and prostaglandins in uterine tissue increase, 
but whether or not this is related to menorrhagia is unclear.*?:*° 

The mechanism of ginseng-induced menometrorrhagia is not known. Relaxin- 
induced menometrorrhagia results from the induction of vascular endothelial 
growth factor receptor expression in the endometrial cell.*° Table 34-2 describes 
the mechanisms for drug-induced menorrhagia and menometrorrhagia. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Patients with drug-induced menorrhagia present with a chief symptom of heavy or 
prolonged menstrual cycles that may occur at any time after the initiation of 
treatment with the culprit agent (Table 34-3). Drug-induced menorrhagia or 
menometrorrhagia may lead to the development of anemia and fatigue. 
Drug-induced menorrhagia or menometrorrhagia must be distinguished from 
nondrug-induced causes, including common uterine complications such as fibroids 
or polyps or endometriosis.?*-°’ Patients with menorrhagia or menometrorrhagia 
should undergo a complete physical exam and an endometrial biopsy to determine 
the primary cause. Endometrial biopsy can detect abnormal hyperplasia or cancer 


but cannot differentiate between a drug-induced and a nondrug-induced cause 
(Table 34-4). 


RISK FACTORS 


There are no known risk factors for drug-induced menorrhagia or 
menometrorrhagia. 


MORBIDITY AND MORTALITY 


If drug-induced menorrhagia or menometrorrhagia is left untreated, it may lead to 
more significant health complications, including anemia, thrombocytopenia, 
shortness of breath, altered nutritional status, and episodes of syncope. The 
majority of these symptoms can be directly associated with blood loss. Diminished 
nutritional status is an indirect result of fatigue associated with anemia that leads to 
decreased appetite and weight loss. 


PREVENTION 


Oral contraceptive therapy may be instituted prophylactically in patients 
undergoing treatment with SSRIs to prevent the development of menorrhagia.8©”° 
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Oral contraceptives may also help prevent recurrent episodes of bleeding in 
patients with a history of menorrhagia/menometrorrhagia.’® Avoidance of other 
platelet-inhibiting agents such as aspirin may decrease the risk of drug-induced 
menorrhagia or menometrorrhagia (Table 34-6).?” 


MANAGEMENT 


Drug-induced menorrhagia is usually effectively treated with combination oral 
contraceptive therapy. Product selection is generally based on patient and 
prescriber preference.*°? Patients who have had menorrhagia for an extended 
time may also require iron-replacement therapy until the hemoglobin concentration 
returns to normal. In patients with IUDs, therapy with the antioxidant vitamin E 
(100 international units once every other day for 14 days) has been successful in 
attenuating menorrhagia.** Drug-induced menometrorrhagia can be effectively 
treated with GnRH agonists such as leuprolide (3.75 mg intramuscularly once 
monthly) or goserelin (3.6 mg intramuscularly once monthly).?+"° When a patient is 
experiencing drug-induced menorrhagia or menometrorrhagia, the risks and benefits 
of discontinuation of the causative agent should be weighed. If the causative agent 
is discontinued, it may take up to 3 months for symptoms to resolve completely. 


INFORMATION FOR PATIENTS 


Patients receiving drugs that may cause menorrhagia or menometrorrhagia should 
be counseled that heavy or prolonged menstrual cycles (at regular or irregular 
intervals) may occur and that this should prompt them to seek medical attention. 


DYSMENORRHEA 
CAUSATIVE AGENTS 


Drug-induced dysmenorrhea is associated with known uterine stimulants such as 
oxytocin and known vasoconstrictors such as vasopressin (antidiuretic hormone) 


(Table 34-1).'°? Estrogen and progesterone are also believed to be associated with 
some cases of drug-induced dysmenorrhea. !.'°! 


EPIDEMIOLOGY 


Dysmenorrhea is one of the most common gynecologic symptoms of menstruating 
women, with an incidence ranging from 3% to 90%.'°! The incidence and 
magnitude of drug-induced dysmenorrhea is unknown. It is possible that 
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dysmenorrhea has been overlooked as a drug-induced condition, and occurrences 
therefore may be underreported. 


MECHANISMS 


Dysmenorrhea occurs often with normal ovulation because release of arachidonic 
acid promotes the release and elevated serum concentrations of prostaglandin-20 
that mediates vasoconstriction and leukotrienes initiating the inflammation that 
produces cramps, bloating, and abdominal discomfort.!°? Drug-induced 
dysmenorrhea associated with the administration of the combination of oxytocin 
and vasopressin occurs as a result of vasopressin-related antidiuretic effects that 
alter the uterine contractions stimulated by oxytocin into a dysrhythmic and painful 
pattern (Table 34-2).!0! 


The mechanism of estrogen- and progesterone-induced dysmenorrhea is not 
well understood. It has been suggested that the rapid fluctuations in serum hormone 
concentrations, primarily progesterone withdrawal, activates the inflammation 
cascade, causing pelvic congestion (swelling) and contributing to the development 
of dysmenorrhea (Table 34-2). !07.14 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Dysmenorrhea is a pelvic pain that occurs in relationship to menses. It is associated 
with a variety of symptoms, including nausea, vomiting, diarrhea, bloating, 
headache, backache, syncope, dizziness, breast tenderness, abdominal cramping, 
mood changes, nervousness, and fatigue (Table 34-3). Symptoms typically present 
within 24—48 hours before menstruation begins and usually continue for 48—72 
hours after menstruation commences.!°! Drug-induced dysmenorrhea must be 
distinguished from other causes of dysmenorrhea. Pelvic pain with menses can be a 
natural physiologic occurrence in association with ovulation or premenstrual 
syndrome or may have other primary or secondary causes, including adverse effects 
of drugs (Table 34-4), 101,102 


RISK FACTORS 


Diets high in omega-6 fatty acids, including most Western diets, increase the 
release of arachidonic acid after progesterone withdrawal and may result in 
inflammation and cramping (Table 34-5).!°! Early menarche and heavier menstrual 
blood flow are both associated with an increased risk of drug-induced 
dysmenorrhea.!°?:!4 Individuals who have more than one first-degree relative with 
dysmenorrhea have a higher risk of drug-induced dysmenorrhea. !°!-! 
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MORBIDITY AND MORTALITY 


Dysmenorrhea is one of the most common gynecologic symptoms associated with 


repeated absenteeism from school or work.!°* Although dysmenorrhea has 
significant impact on quality of life, it 1s not associated with mortality. 


PREVENTION 


Drug-induced dysmenorrhea can be prevented by avoiding the use of uterine- 
stimulating drugs in women predisposed to the disorder. In women with a history of 
dysmenorrhea, prophylactic use of NSAIDs (e.g., ibuprofen 400 mg orally every 6 
hours or 800 mg orally every 8 hours or cyclooxygenase [COX]-2 inhibitors such 
as celecoxib 200 mg orally once daily) often is effective to decrease and limit the 


symptoms of drug-induced dysmenorrhea (Table 34-6), !07:103.106 


MANAGEMENT 


Management of drug-induced dysmenorrhea should be individualized to the 
patient’s pain threshold, contraception goals, and overall health status. Hot or cold 
compresses may help provide some temporary relief. NSAIDs (e.g., ibuprofen 400 
mg orally every 6 hours or 800 mg orally every 8 hours) or COX-2 inhibitors (e.g., 
celecoxib 200 mg orally once daily) are effective for alleviation of pain, and 
therapy should be continued until the end of menses (Table 34-7).!°%!% In patients 
with lower pain thresholds, short-term use of combination opioid products might be 
considered.!9°:!5 Acetaminophen alone is not as effective as NSAIDs in 
controlling the inflammation and symptoms associated with dysmenorrhea. ! 


INFORMATION FOR PATIENTS 


Patients taking medications that may cause dysmenorrhea should be informed of the 
possibility and should be instructed to take anti-inflammatory medications at the 
first symptoms. Prompt treatment will help control the pain and can prevent the 
development or more significant discomfort. Patients should take NSAIDs with 
food to avoid development of gastrointestinal distress. Patients with sulfa allergies 
should avoid the use of COX-2 inhibitors. 


SEXUAL DYSFUNCTION 


Human sexual response can be classified into five phases: desire, excitement, 
plateau, orgasm, and resolution.!°7 Sexual desire is an innate component of human 
social well-being. Any impairment or abnormality in the human sexual response is 
defined as sexual dysfunction. 
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CAUSATIVE AGENTS 


Drug-induced sexual dysfunction often contributes to patient nonadherence to 
important medications, including antihypertensives, antidepressants, antipsychotics, 
sedatives, antiretroviral agents, androgen antagonists, and narcotics.!°7!!! Alcohol 
may also interfere with sexual function. Sexual dysfunction can be classified into 
two categories: disorders of libido and disorders of excitement and orgasm. 
Disorders of libido are generally mediated by neuronal factors, whereas disorders 
of excitement and orgasm generally involve the genital organs. Drugs associated 
with sexual dysfunction in women are listed in Table 34-].!0!-112,117-122 


EPIDEMIOLOGY 


Drug-induced sexual dysfunction in women is often underreported but is one of the 
contributing factors to nonadherence to prescribed pharmacotherapy and decreased 
quality of life.'"! It is difficult to distinguish drug-induced sexual dysfunction from 
the effects of specific diseases on sexual function. This is especially true with 
psychiatric disorders, where the disease itself has profound effects on social and 
sexual function.''* Since the success of sildenafil and similar drugs for the 
treatment of erectile dysfunction, there has been increased attention to the incidence 
of drug-induced sexual dysfunction.!!* Antidepressants have been associated with 
decreased libido and sexual dysfunction, with an incidence in women ranging from 
16.3% to 57%.'!3-!5 Antipsychotic agents such as haloperidol, risperidone, and 
thioridazine have been associated with a 28—93% incidence of drug-induced sexual 
dysfunction in women.!!*!2! Antiretroviral agents are associated with an incidence 
of drug-induced sexual dysfunction of 40%.!!° The incidence of drug-induced 
sexual dysfunction associated with the use of antihypertensive agents in women is 
approximately 11%. !22 


MECHANISMS 


Drug-induced sexual dysfunction is often associated with agents that affect the 
autonomic and central nervous systems and with agents that elevate serum prolactin 
concentrations (Table 34-2). For example, antipsychotic agents are known to 
elevate serum prolactin concentrations via inhibition of dopamine-2 receptors that 
are responsible for blocking prolactin secretion.!?>-!*° The mechanism by which 
prolactin diminishes libido and causes orgasm disturbances is not well 
understood. !!0!!1,116.122,125 Elevated serum prolactin concentrations have been 
associated with decreasing serum testosterone concentrations, which may 
contribute to diminished libido.!7° 
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Drug-induced sexual dysfunction, primarily loss of libido and orgasm 
dysfunction, has been associated with all classes of antidepressant agents. !!7:!2°.!27 
Although the mechanism involved is not well understood, antidepressants may 
cause sexual dysfunction by altering central serotonergic activity and indirectly 
influencing adrenergic activity. Alterations in central serotonergic activity may 
disrupt hypothalamic—pituitary axis regulation of hormone release, including the 
release of testosterone. Indirect effects on adrenergic activity may contribute to 
direct effects on gonads, leading to decreases in muscle tension, vaginal 
lubrication, or both. 


Antihypertensive agents are more often associated with erectile dysfunction and 
diminished libido in men. However, these drugs may also decrease libido in 
women via antiandrogenic and antidopaminergic activity. The mechanism by which 
antiretroviral agents induce sexual dysfunction is not well understood. It has been 
shown that serum hormone concentrations are not altered in patients receiving 
antiretroviral agents, suggesting that the mechanism of antiretroviral-induced sexual 


dysfunction involves a yet to be determined nonhormone-related pathway. !!° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Identifying individuals who have drug-induced sexual dysfunction can be difficult 
because patients are often embarrassed and hesitant to report sexual complications 
to the healthcare team.!*® Healthcare providers should specifically ask questions 
regarding sexual activity and relations and should volunteer information to dispel 
misconceptions that patients may have about sexuality to alleviate fear, guilt, or 
frustration regarding sexual dysfunction. 


Once comfortable, patients may begin to volunteer information regarding 
symptoms they are experiencing. These may include vaginismus, dyspareunia, or 
loss of libido or orgasm dysfunction (Table 34-3). Dyspareunia can often be 
attributed to physical disorders of the vagina, such as decreased lubrication, 
infections, or local irritation. Patients with loss of libido or orgasm dysfunction 
often present with other psychological symptoms, including depression, fatigue, 
anxiety, anger, or fear (Table 34-4). Again, extensive counseling and discussion is 
necessary to sort through the vague symptoms. A close evaluation of the medication 
history is necessary to determine whether sexual dysfunction can be attributed to a 
drug. Drug-induced sexual dysfunction usually occurs within 2 weeks of initiating 
therapy with the culprit agent, although SSRI-induced sexual dysfunction may take 
longer to manifest. 


RISK FACTORS 
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Specific disease-related factors may increase the risk of drug-induced sexual 
dysfunction. These include endocrine disorders associated with hormone 
imbalances such as hypogonadism or hypothyroidism; neurologic/psychiatric 
impairments such as schizophrenia or depression; surgery such as hysterectomy, 
oophorectomy, or vulvovaginal resections; or pelvic irradiation that directly alters 
ovarian function or the structure or function of the vagina. | Anxiety, stress, 
depression, or substance abuse may compound the patient’s psychological ability to 
tolerate and discuss symptoms associated with sexual dysfunction (Table 34-5). 


Drug-induced sexual dysfunction is not always dose-related, but in some cases, 
especially those caused by antihypertensive agents or SSRIs, using lower doses or 
instituting “drug holidays” may help minimize symptoms.!!*:!?? Of course, the risk 
versus benefit would need to be part of this decision process before implementing a 
drug holiday or using lower doses. 


MORBIDITY AND MORTALITY 


The physical complications of drug-induced sexual dysfunction are not life- 
threatening. However, the psychological stress generated from these complications 
can significantly impact mental health (depression, anxiety, disposition) and quality 
of life and have negative impact on relationships with partners, family, and friends. 


PREVENTION 


Education is the most important component of prevention and may help lead to 
acceptance and improve the ability of the patient to communicate her concerns 
regarding sexual dysfunction. Counseling should include education regarding the 
potential for sexual complications associated with prescribed therapy and possible 
treatment options for symptom management. The risk of drug-induced sexual 
dysfunction should be weighed against the prescribed drug’s potential therapeutic 
benefit and the availability of alternative treatment options. Avoidance of agents 
known to be associated with sexual dysfunction is recommended if and when 
acceptable alternative agents for treatment are available (Table 34-6). 


MANAGEMENT 


The first step in the management of drug-induced sexual dysfunction is completion 
of a thorough physical examination to determine any possible physical causes that 
could be contributing to symptoms. The patient’s medication history should be 
closely evaluated to identify drugs that may be causing sexual dysfunction. Once a 
drug is identified as the likely source of sexual complications, alternative medical 
treatment options should be considered. It is sometimes reasonable to substitute 
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therapy with other agents within the same class to determine whether symptoms 
improve. Although symptoms generally improve within 2 weeks after 
discontinuation of the causative agent, in some cases sexual function may not 
completely return to normal without additional interventions to treat the sexual 
dysfunction. This is often the case with sexual dysfunction associated with 
antipsychotic agents, where treatment of the drug-induced disease may be 
confounded by the underlying psychiatric disorder. !7° 


Topical estrogen (estradiol 0.05—0.1 mg vaginal ring inserted once every 3 
months, or estradiol 0.01% cream vaginally 2-4 g once daily for 2 weeks followed 
by once-weekly maintenance) may help improve arousal dysfunction by increasing 
vaginal secretions and engorgement.!*° Other pharmacotherapy to increase libido 
could include phosphodiesterase-5 inhibitors such as sildenafil citrate (50 mg 
orally 1 hour before sexual activity). In addition, vaginal lubricants and 
moisturizers may be used to relieve vaginal dryness and improve genital arousal 
(Table 34-7).!?8 Mechanical stimulatory devices, such as vibrators, that increase 
blood flow to the vaginal muscle can be used in conjunction with pharmacologic 
interventions to optimize relief of symptoms. !78 


When treating a patient with drug-induced sexual dysfunction, it is extremely 
important to be sensitive and supportive. Psychological support and assurance can 
be extremely effective in alleviating the stress and anxiety experienced by patients 
with drug-induced sexual dysfunction. !7° 


INFORMATION FOR PATIENTS 


Sexual function is an important component of adult relationships. Patients who are 
taking antipsychotic agents, antidepressants, antihypertensive agents, or other drugs 
associated with sexual dysfunction should be counseled regarding the potential for 
occurrence of this drug-induced disease and should be instructed to discuss 
symptoms such as painful intercourse, vaginal dryness, lack of or decreased 
orgasm, or diminished libido with their healthcare provider. 


INFERTILITY INWOMEN 


CAUSATIVE AGENTS 


Drug-induced infertility is a tragic yet predictable outcome associated with 
treatment with cytotoxic chemotherapy agents. Although there is potential for drug- 
induced infertility after treatment with any cytotoxic agent, the most common 
classes of agents that cause infertility include the alkylating agents, platinum 
analogues, antitumor antibiotics, antimetabolites, and vinca alkaloids (Table 34- 
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1).13°-144 Even patients who may resume normal menses after completion of 
cytotoxic chemotherapy may not have a viable ovarian follicular reserve.!°*? 
Whereas cytotoxic agents are associated with permanent infertility, caffeine 1s 
associated with a reversible or transient infertility.!**-!3’ Caffeine is found in many 
beverages and is an additive in both prescription and nonprescription medications. 
In addition to infertility, caffeine has also been associated with a dose-related 
increased risk of miscarriage in the first trimester.!** Many antiepileptic drugs have 
been associated with endocrine dysfunction and drug-induced infertility that 1s 
reversible once medication is stopped. ’&80:88.139-144 


EPIDEMIOLOGY 


Women with cancer are most often afflicted with drug-induced infertility after 
completion of a cytotoxic chemotherapy regimen. However, lower doses of these 
same cytotoxic agents are used in treatment of systemic lupus erythematosus or 
other autoimmune disorders and can cause drug-induced infertility in these 
situations as well. In addition, the very prevalent use of caffeine today could put 
many women at risk for reversible drug-induced infertility. 


MECHANISMS 


Antineoplastic drugs have a direct toxic effect on oocytes, decreasing follicular 
formation and halting ovulation resulting in permanent drug-induced infertility.>° 
This also leads to decreased FSH and LH release, resulting in decreased ovarian 
function and induction of infertility.°*’4 Antiepileptic drugs have also been 
reported to increase the serum concentration of hormone-binding globulin, resulting 
in decreased binding of estradiol, which can result in drug-induced infertility.’>-”? 


The mechanism of drug-induced infertility is not as well understood for caffeine 
(Table 34-2). 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Drug-induced infertility associated with cytotoxic agents is fairly easy to recognize 
because most of these drugs cause infertility. Conversely, the diagnosis of 
reversible drug-induced infertility associated with caffeine is more difficult to 
establish and requires a detailed medication and diet history. The obvious and 
primary symptoms of drug-induced infertility include inability to conceive and/or 
frequent miscarriages (Table 34-3). Patients may also have cessation of menses or 
irregular menses. Underlying or contributing endocrine or metabolic conditions 
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should be ruled out as well as possible early menopause. Conditions to consider in 
the differential diagnosis of drug-induced infertility are presented in Table 34-4. 


RISK FACTORS 


The probability of permanent drug-induced infertility after chemotherapy increases 
proportionally with advancing age.'**'* In patients with autoimmune disorders, 
there are specific disease-related factors that may increase the risk of drug-induced 
infertility, including the presence of antiovarian antibodies, polyglandular 
insufficiency, and viral infections. !4!48 Epilepsy also has been associated with an 
increased risk for endocrine disorders resulting in infertility (Table 34-5).!* 


MORBIDITY AND MORTALITY 


As with drug-induced sexual dysfunction, the physical complications of drug- 
induced infertility are not life-threatening. However, finite and predictable 
infertility can be associated with significant psychological stress reflected in a 
diminished mental health (i.e., depression, reduced self-esteem), a decreased 
quality of life, and a negative impact on relationships with partners, family, and 
friends. 


PREVENTION 


Instructing patients to reduce or to eliminate the frequent consumption of caffeine- 
containing beverages and medications from their diet can prevent caffeine-induced 
infertility. Patients will find that fertility is regained within months after the 
discontinuation of caffeine consumption. Efforts to prevent drug-induced infertility 
associated with other agents may not be as successful. Some studies have suggested 
the use of oral contraceptives during chemotherapy in younger patients may help 
prevent permanent drug-induced infertility by temporarily halting ovulation, which 
may protect oocytes from exposure to offending chemotherapy.'“* Another 
pharmacologic option that has been proposed, although still controversial, is the 
prophylactic use of GnRH agonists to also temporarily halt ovulation, which may 
protect oocytes from exposure to offending chemotherapy to prevent permanent 
drug-induced infertility (Table 34-6).°1-190!5! 


MANAGEMENT 


Management strategies for drug-induced infertility are listed in Table 34-7. Prior to 
receiving cytotoxic chemotherapy, patients need to be made aware of the high risk 
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and likelihood of drug-induced infertility, which in most cases will be permanent. 
These patients need to consider multiple options for cryopreservation of eggs or 
embryos to preserve fertility options once treatment is completed. Factors that can 
influence this decision include time restraints (how quickly treatment needs to be 
initiated), the type of cancer or disease being treated (specifically if estrogen- 
sensitive), whether or not the patient has a partner, desire to have (more) children, 
and the patient’s age. For those with a partner and enough time before cytotoxic 
therapy begins, cryopreservation of embryos is preferred and has the highest 
success rate.!°* Other cryopreservation options include freezing of oocytes, ovarian 
cortex, or follicles.!°”!>> Although these options do not require a partner and can 
be accomplished in less time than cryopreservation of embryos, the potential of 
achieving viable pregnancies is less than with cryopreservation of embryos. 


For patients receiving antiepileptic drugs, infertility is often, but not always, 
reversible once the culprit agent is removed and endocrine function is allowed to 
normalize. Unfortunately, the option to discontinue medications is generally 
available only for patients whose seizure disorder can be managed effectively by 
an alternative, newer antiepileptic agent. !* 


INFORMATION FOR PATIENTS 


Infertility is a highly sensitive and emotional topic for most women and couples. In 
some cases, fertility 1s the essence of a women’s identity. Patients about to receive 
cytotoxic chemotherapy need to be educated regarding the multiple methods 
available to preserve fertility options after completion of treatment. Once treatment 
is completed and residual treatment-related toxicities have resolved, patients 
should be encouraged to exercise fertility options at that time to avoid additional 
complications with pregnancy. In patients receiving antiepileptic drugs, the 
potential for infertility should be discussed prospectively and alternative agents 
should be considered. Patients should understand that there is no guarantee that 
fertility will return after removal of the offending agent. Finally, patients with drug- 
induced infertility associated with caffeine intake should be counseled on the 
benefits of the short-term cessation of all caffeine products and caffeine-containing 
medications. Patients should be reminded that caffeine withdrawal side effects are 
temporary and resolve quickly and that the potential benefit of regaining fertility 
and the prevention of miscarriages outweighs any short-term discomfort. 
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CHAPTER 35 


Upper Gastrointestinal Ulceration 


Dianne W. May, Micaela Carroll, and J. Russell May 


The upper gastrointestinal (GI) tract consists of the mouth, pharynx, esophagus, 
stomach, and duodenum. The ligament of Treitz, or the suspensory muscle of the 
duodenum, is found at the duodenojejyunal flexure and is typically used as a 
landmark to differentiate between the upper and lower GI tract.! Any injury that 
occurs before the ligament of Treitz would be considered an upper GI event. Drug- 
induced ulcerations of the upper GI tract can occur anywhere in this region before 
the jejunum, but the esophagus and stomach are primary targets. Patients may 
present with signs and symptoms that range from benign lesions with no sequelae to 
serious complications including GI bleeding, strictures, perforation, and 
obstruction. Distinguishing characteristics of drug-induced mucosal damage of the 
upper GI tract are typically evident on endoscopy. Understanding the mechanisms 
and risk factors for drug-induced upper GI ulceration can help healthcare providers 
minimize and manage the complications that may occur. 


CAUSATIVE AGENTS 
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Medications that have been reported to cause upper GI ulceration are listed in 
Table 35-1.7-!° Overall, nonsteroidal anti-inflammatory drugs (NSAIDs), including 
aspirin, are the most common causative agents. The risk of gastrointestinal toxicity 
with NSAIDs is not specific to route used. Gastrointestinal toxicity 1s seen with the 
oral route as well as the intravenous route.” Other medications that are commonly 
associated with upper GI ulceration include ferrous sulfate, quinidine, doxycycline, 
selective serotonin reuptake inhibitors (SSRIs), and corticosteroids (especially 
when used in combination with other medications that can cause ulceration). 


The mucosa of the esophagus is particularly vulnerable to the direct mucosal 
injury that can occur with many medications. Over 70 medications have been 
associated with esophageal damage, including certain bisphosphonates (e.g., 
alendronate), potassium chloride (oral), aspirin, clindamycin, ferrous sulfate, 
quinidine, valproic acid (sustained-release), and tetracyclines.” !° Many B-lactams, 
including penicillin, ampicillin, amoxicillin, and cloxacillin have been implicated 
in causing pill-induced esophagitis. The gelatin capsule of many antibiotics is 
sticky and, therefore, makes the capsule prone to esophageal retention.7! 
Esophageal perforation has been reported with sustained-release valproic acid, 
aspirin-caffeine products, and sustained-release ferrous sulfate.? Although 
anticoagulant and antiplatelet medications may increase the risk of bleeding, they 
are not generally considered major culprits in upper GI ulceration. The exception 1s 
dabigatran, a direct thrombin inhibitor, which has been associated with 
symptomatic esophagitis. ! 


Table 35-1 Agents Implicated in Drug-Induced Upper 
Gastrointestinal Ulceration 









Drug Incidence Level of Evidence* 
Ascorbic acid2,3 

Aspirin4,5 10-15% 

Bisphosphonates (oral)3,6,7,8 0.2-0.4% 

Ciprofloxacin,9 clindamycin10 K 

Clopidogrel 1 

Corticosteroids6, 12 0.4% 


Dabigatran13,14 


Z| Z Z| Z Z 
Al A nw nw 
>| DW) OQ] a] Bw] Bw] a] >] eI] a 


Erythromycin6 
Ferrous sulfate2,3 5% 
Nonselective NSAIDs15,16 10-25% 
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Potassium chloride (oral)2,3 8-19% A 
Quinidine2,3 K C 
Selective COX-2 NSAIDs 17 5-8% A 
Selective serotonin reuptake K B 
inhibitors 18,19 


oe) 


Sulfasalazine6 K 


Tetracyclines2,6 K B 





Valproic acid2 K C 
COX = cyclooxygenase, NK = not known, NSAIDs = nonsteroidal anti-inflammatory drugs. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


The true incidence of drug-induced upper GI ulceration is difficult to determine 
because of possible under-reporting or misdiagnosis. Many patients self-medicate, 
making it impossible to know actual exposure rates. In addition, some patients in 
whom ulceration develops have minimal sequelae or are asymptomatic. Dyspepsia, 
for example, is present in <50% of patients taking NSAIDs who present with life- 
threatening complications such as GI bleeding or perforation.!° Additionally, event 
rates often change over time; recent data showed that rates of GI adverse events in 
women taking bisphosphonate therapy increased from 16.1%, to 25.6%, to 38.9% 
at 3, 6, and 12 months, respectively.” Another factor that complicates the 
collection and interpretation of incidence data is the use of differing definitions for 
the diagnosis of drug-induced upper GI ulceration that appear in published 
literature. Knowing the criteria that were used to define ulceration is important 
when attempting to compare study results. 


Notwithstanding the difficulties described above, NSAIDs, which includes 
aspirin, appear to be the most common cause of upper GI ulceration.!° Endoscopic 
surveys of patients receiving <325 mg aspirin daily reported gastroduodenal ulcers 
in 11% of patients.*> More serious GI complications may also develop in patients 
receiving NSAIDs including bleeding, stricture formation, and perforation.®!> The 
incidence of hospitalization for NSAID-induced upper GI bleeding has been 


reported to be as high as 2.2% annually in patients with rheumatoid arthritis. !° 


The highest risk for upper GI ulceration in patients receiving NSAIDs appears 
to occur when these agents are used in combination with other medications also 
known to cause GI ulceration. When combined with even low doses of aspirin 
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(<325 mg/day), the risk of upper GI bleeding in patients receiving other NSAIDs 
may be increased as much as 12-fold. The presence of Helicobacter pylori (H. 
pylori) infection has also been shown to increase the risk of upper GI ulceration in 
those taking NSAIDs, including low-dose aspirin, and also in those taking 
thienopyridines. Peptic ulcers were identified on endoscopy in 10.7% of elderly 
patients on aspirin doses of 75—325 mg per day. Interestingly, eradicating H. pylori 
infection prior to starting low-dose aspirin was not associated with an increased 
risk of upper GI ulceration. With NSAIDs other than aspirin, the presence of H. 
pylori infection is an independent risk factor for NSAID-induced ulcers. 
Fortunately, eradicating H. pylori infection prior to initiating NSAID therapy 
decreases that risk by up to 57%. The benefit of eradicating H. pylori in chronic 
NSAID users is less clear.”* 


Although the incidence of drug-induced upper GI ulceration is relatively low in 
patients receiving corticosteroids and selective serotonin reuptake inhibitors alone, 
the combination of these drugs with an NSAID increases the risk for ulceration 
considerably. Patients taking a selective serotonin reuptake inhibitor concurrently 
with an NSAID had as much as a 3.6-fold increase in the risk of upper GI 
bleeding. !® The incidence of ulceration appears to be least common with ibuprofen, 
especially at doses <1,200 mg/24 hours. Selective cyclooxygenase (COX)-2 
NSAIDs also are associated with a lower incidence of drug-induced ulceration 
ranging from 5% to 8%.7> 


Although GI damage due to NSAIDs is most common at sites distal to the 
esophagus, they can cause esophageal damage as well. One review of medications 
associated with drug-induced esophageal injury showed NSAIDs to be responsible 
for 40% of cases. This was followed by tetracyclines (22%), potassium chloride 
(10%), and bisphosphonates (9%). Antimicrobials, quinidine, and ascorbic acid 
were responsible for the remainder of cases.* Dabigatran, a direct thrombin 
inhibitor that was approved in 2010, has also been implicated in several cases of 
symptomatic esophagitis.!> With both dabigatran and rivaroxaban, another direct 
thrombin inhibitor, lower GI bleeding reported in clinical trials was more common 
than upper gastrointestinal bleeding.”° 


MECHANISMS 


Various mechanisms are responsible for drug-induced upper GI ulceration, ranging 
from simple direct irritation of the GI lining to more complex interactions with 
mucosal cells and prostaglandin inhibition. Because ulceration can occur in the 
absence of direct contact with the GI tract, no route of administration can be 
considered completely safe with respect to this drug-induced disease. An 
understanding of mechanisms is important in preventing or minimizing adverse 
effects in patients at greatest risk. Table 35-2 lists causative agents with their 
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proposed mechanism(s). With some medications, more than one mechanism may be 


involved. 1-3,6,9-11,13,14,18,19 


Table 35-2 Mechanism(s) of Drug-Induced Upper 


Gastrointestinal Ulceration 





Drug Mechanism(s) 

Aspirin6 COX mhibition, platelet effects, direct irritant 
Bisphosphonates (oral)2,6 Direct irritant 

Ciprofloxacin9 Chemical injury 

Clindamycin10 Direct irritant 

Clopidogrell1 Platelet effects 

Corticosteroids6 Impair mucosal healing 

Dabigatran13,14 Direct irritant 

Erythromycin6 Direct irritant 

Ferrous sulfate 1 Direct irritant 

Nonsteroidal anti-inflammatory drugs6 COX mhibition, platelet effects, direct irritant 
Potassium chloride3,6 Direct irritant 

Selective serotonin reuptake inhibitors 18,19 Platelet effects 

Tetracyclines2,6 Direct irritant 


COX = cyclooxygenase. 


NSAIDs have long been thought to cause upper GI ulceration through their 
inhibition of COX, a major enzyme needed for the synthesis of prostaglandins. 
Prostaglandins have a strong cytoprotective effect on the GI mucosa. They help 
maintain mucosal blood flow, increase secretion of mucus and bicarbonate, and 
augment epithelial defense against cytotoxic injury.” There are at least two subtypes 
of the COX enzyme, COX-1 and COX-2. COX-1 is the predominant subtype found 
in the stomach. NSAIDs that preferentially inhibit COX-2, therefore, might be 
expected to cause fewer adverse GI effects than those that inhibit COX-1. Indeed, 
when COX-1 inhibitors were directly compared with COX-2 inhibitors, patients 
experienced fewer minor GI problems with the COX-2 inhibitors.!’ Importantly, the 
risk of adverse GI effects 1s not completely eliminated with the use of these 
selective agents.7/ Celecoxib, for example, has been shown to increase the risk of 


GI toxicity compared with placebo.** Additionally, the long-term use of COX-2 
inhibitors is limited because they have been associated with greater cardiovascular 
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toxicity. Nonacetylated salicylates, such as salsalate, are weaker inhibitors of COX 
activity and therefore less damaging to the GI tract. NSAIDs also have a direct 
cytotoxic effect on GI mucosal cells that is independent of COX activity and can 
result in lesions and necrotic injury.”” 


As previously noted, the relationship between H. pylori positivity and the 
incidence of NSAID-induced GI ulceration appears to depend on when the NSAID 
therapy was started. New users of NSAIDs have been shown to have fewer ulcers 
and ulcer-associated complications if they are H. pylori-negative at time of 
initiation.7+°° Whether the presence of one affects the mechanism of ulceration of 
the other is unknown. Clearly, H. pylori is an independent risk factor for NSAID- 
induced ulceration and ulcer bleeding.?*! 


Corticosteroids have been implicated in GI ulceration, but the exact mechanism 
is unclear. These medications may impair mucosal healing through the reduction of 
epithelial regeneration.** Corticosteroids may pose a greater risk to the lower GI 
tract than to the upper GI tract.” Studies have failed to confirm the mechanism or 
quantify the actual risk.!? 


Pill-induced esophagitis, a localized ulcer of variable depth, can occur when 
capsules or tablets do not clear the esophagus in a timely manner. Gelatin capsules 
can become sticky and lodge in the esophagus if not taken with adequate water. In 
addition, tablets may be difficult to swallow or contain a caustic coating that causes 
direct mucosal irritation. The pH and concentration of the medication may also be 
contributing factors. Pill-induced esophagitis occurs commonly with oral 
bisphosphonates, such as alendronate. Even patients who strictly adhere to the 
recommended directions for use can experience esophagitis that is often exudative 
in nature and resolves with discontinuation of the medication. Oral potassium 
chloride may induce irritation in a localized area of the esophagus or stomach 
because of the high salt concentration. The slow-release, wax matrix formulations 
are more likely to cause damage than the microencapsulated forms. Liquid forms of 
potassium supplementation are much less likely to cause ulceration or other 
injury.*° In most cases the esophageal injury is caused by the prolonged contact of 
medication, resulting in direct damage to the esophageal wall.** This also applies 
to dabigatran-induced esophagitis, with the tartaric acid contained within the 
capsules playing a role in causing tissue damage. ° 


A number of other mechanisms for drug-induced upper GI bleeding exist. 
Vascular shunting due to an increased osmotic load of sorbitol has led to ischemic 
necrosis in patients taking sodium polystyrene.*° Clopidogrel may cause re- 


bleeding in patients with a history of bleeding because of its antiplatelet effect.!! 
There is some evidence suggesting that selective serotonin reuptake inhibitors 
increase the risk of upper GI bleeding by possibly decreasing platelet serotonin and 


interfering with platelet aggregation.!? This effect is potentiated when selective 
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serotonin reuptake inhibitors are administered with NSAIDs, including low-dose 
aspirin. !® 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS | 


Patients with drug-induced GI ulceration may be asymptomatic or may present with 
life-threatening complications including bleeding, perforation, and strictures. The 
most common signs and symptoms of upper GI ulceration are listed in Table 35- 
3.23 Heartburn, dyspepsia, cramps, and abdominal pain are common, but do not 
always correlate with ulceration. As previously noted, dyspepsia was reported by 
<50% of patients presenting with life-threatening bleeding due to NSAID use in one 
series.!° Hematemesis and/or black, tarry stools may be signs of bleeding and 
should be carefully evaluated. Likewise, dysphagia, odynophagia, weight loss, or 
severe abdominal pain may be indicative of severe complications or other diseases 
(e.g., malignancy) and warrant careful evaluation. 











Table 35-3 Signs and Symptoms Associated with Drug-Induced 


Upper Gastrointestinal Ulceration2>> 
* Abdominal pain or tenderness 

* Burning in the back or stomach 
* Cramps 

¢ Dyspepsia 

* Heartburn 

* Hematemesis 

* Hematochezia 

* Indigestion 

¢ Nausea/vomiting 

* Odynophagia 





NSAIDs most commonly cause ulceration in the stomach. Ulceration of the 
small intestines is less common, and esophageal ulceration is the least common of 
the three sites. Of note, indomethacin, diclofenac, piroxicam, and aspirin have been 
shown to induce esophageal injury.'!? There appears to be a correlation between 
NSAID use and the development of esophagitis and esophageal strictures.*° 
Although esophageal injury may not be as common with NSAIDs, when it occurs it 
can have serious consequences, including bleeding and stricture formation. 


Patients with pill-induced esophagitis, as occurs with doxycycline or 
alendronate, may present with sudden, painful swallowing shortly after the 
offending agent is taken. It can also be described as a dull aching pain in the 
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shoulder or chest.? Sequelae from this type of injury can include severe ulceration 
and strictures. Hemorrhage is rare, although patients may occasionally present with 
melena caused by esophageal bleeding.*’ Symptoms generally resolve within 7—10 
days following discontinuation of the culprit drug.’ Pill-induced esophagitis should 
be suspected whenever patients present with the above symptoms and especially in 
those without previous esophageal symptoms. 

Patients with pill-induced esophageal injury due to oral solid dosage forms of 
potassium chloride tend to have progressive dysphagia with little pain.!° The 
connection between drug and injury can be difficult to recognize, as symptoms may 
progress over months or even years. In many cases, strictures develop because of 
the chronic nature of injury. Healthcare providers should be alert for pill-induced 
esophagitis or gastritis in elderly patients who require oral potassium chloride 
supplements while being treated with diuretics for heart failure. Quinidine may 
cause production of an exudate and edema in the upper GI tract that must be 
distinguished from carcinoma. !° 


Lack of awareness of drug-induced GI injury can lead to persistent exposure to 
causative medications, resulting in severe complications. Many of the signs and 
symptoms associated with upper GI ulceration are also common with other 
diseases. It is important, therefore, to distinguish drug-induced upper GI ulceration 
from other ulcerative, erosive, or inflammatory conditions, as well as trauma, 
tumors, or other diseases. Table 35-4 lists conditions that should be considered in 
the differential diagnosis of drug-induced upper GI ulceration.” 


Table 35-4 Conditions to Consider in the Differential Diagnosis 
2 





of Drug-Induced Upper Gastrointestinal Ulceration 


* Chest pain secondary to cardiovascular disease 
* Crohn disease 

* Esophageal stricture 

* Gastric outlet obstruction 

* Infectious cause of esophagitis (herpes, candida, HIV, cytomegalovirus) 
¢ Malignancy 

¢ Nasogastric intubation 

* Peptic ulcer disease 

* Perforation 

* Reflux esophagitis 

* Sclerotherapy 

¢ Stevens—Johnson syndrome 


HIV = human immunodeficiency virus. 


Patients presenting with weight loss, recurrent emesis, and dyspepsia may have 
gastric outlet obstruction. Patients who present with chest pain or pain that radiates 
to the shoulder should be evaluated for cardiovascular causes. Dysphagia, 
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odynophagia, and weight loss may be indicative of carcinoma and patients with 
these symptoms require careful evaluation. 


It is difficult to distinguish pill-induced esophagitis from herpes esophagitis, 
because both may present radiographically as shallow ulcerations in the mid or 
distal esophagus. Differentiation can sometimes be made by determining the 
presence or absence of a temporal relationship between medication ingestion and 
the onset of symptoms. Patients with pill-induced esophagitis may experience an 
abrupt onset of odynophagia, dysphagia, or retrosternal burning pain within a few 
moments of taking the causative medication.*’ Patients with herpes-induced ulcers 
are usually immunocompromised, and their esophageal lesions tend to be more 
widely distributed than those in patients with pill-induced esophagitis.!° Reflux 
esophagitis generally causes ulcers in the more distal segment of the esophagus. 

There are several characteristic morphologic and pathophysiologic changes that 
can help differentiate drug-induced GI ulceration from other conditions.*> Candidal 
esophagitis is characterized by its “shaggy” appearance due to plaque formation.!° 
Crohn disease is usually distinguished by evidence of the disease in multiple parts 
of the GI tract, including the small and large bowel.!° In pill-induced esophagitis, 
inflammatory markers are a common finding. Infiltration of macrophages, T 
lymphocytes, and intraepithelial mast cells and eosinophils can often be seen.*° An 
exudative, ulcerative esophagitis may develop specifically in patients receiving 
alendronate. This exudate shows translucent crystalline material, with 
multinucleated giant cells seen in as many as 30% of cases, a process indicative of 
pill-induced esophagitis. In addition, alendronate-induced esophagitis may also 
manifest as strictures. Esophageal injury caused by dabigatran has been reported as 
both an exfoliative esophagitis and as esophageal ulceration. !4 

Iron-induced GI injury occurs most commonly in the esophagus, but the stomach 
may also be affected.*° The injury manifests as a chemical burn with erosive injury 
and is characterized by brown-black crystalline material within the epithelium.*° 
Less commonly, endoscopic examination can reveal impacted pill fragments, or 
remnants of drug coating.*’ Elderly patients are at increased risk for impacted pill 
fragments or drug coating remnants because of low saliva production. They also 
tend to consume more medications including bisphosphonates or NSAIDs.*” Any 
patient who is in a recumbent position for extended periods 1s also at risk for iron- 
induced GI injury. Iron can also deposit in the stomach epithelium, causing damage. 

Patients with uremia are very susceptible to vascular shunting because of the 
sorbitol osmotic load in sodium polystyrene. Basophilic crystalline material may 
be evident on morphologic evaluation. Ischemic necrosis has been reported. Most 
upper GI lesions due to sodium polystyrene are reversible and do not generally 
lead to serious sequelae.*> 


1516 


RISK FACTORS 


Knowledge of the risk factors associated with GI bleeding caused by NSAIDs and 
those for bisphosphonate-induced esophageal damage provide excellent guidance 
when considering the risk associated with any of the medications described in this 


chapter. Risk factors for drug-induced upper GI ulceration are listed in Table 35- 
a 





Factors that increase the risk for GI bleeding with aspirin specifically include 
dose, history of ulcer or upper GI bleeding, age >70 years, and concomitant use of 
other NSAIDs.* Other risk factors for GI bleeding with aspirin, even low-dose 
aspirin, are the concomitant use of corticosteroids or anticoagulants.> 

A history of GI complications is the most important predictor of NSAID- 
induced GI toxicity.°”° Other risk factors include a history of uncomplicated peptic 
ulcer; age >75 years; concomitant use of corticosteroids, warfarin, or other NSAID, 
including aspirin; the dose of NSAID; a history of dyspepsia; and the disease being 
treated (e.g., due to the side effect profile of the medications used for treatment, 
patients with rheumatoid arthritis have higher prevalence of GI events than those 
treated for osteoarthritis).°? The duration of NSAID use may also be an important 
factor in the development of GI toxicity. Short-term use (<1 week) in healthy 
patients is unlikely to be problematic; however, longer-term use is associated with 
increased GI toxicity. GI complications are most common within the first 3 months 
of the initiation of NSAID therapy. 


Table 35-5 Risk Factors for Drug-Induced Upper 


Gastrointestinal Ulceration2»® 





* Concomitant anticoagulation 
* Concomitant corticosteroid use 
* Concomitant use of two NSAIDs (including low-dose aspirin) 
¢ Helicobacter pylori infection 
* High NSAID dose 
* History of gastrointestinal bleeding 
¢ History of ulceration 
* Increasing age 
* Prolonged NSAID use 
Specific risks for pill-induced esophagitis: 
Decreased saliva production 
Fasting 
Inadequate fluid intake 
Returning to a supine position too soon after medication administration 
o Swallowing abnormalities (e.g., stroke, dysmotility, anatomic abnormalities) 


Oo 
Oo 
Oo 
oO 


NSAID = nonsteroidal anti-inflammatory drug. 
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Because COX-1 produces prostaglandins that are known to protect the GI 
mucosa, it is thought that NSAIDs with greater COX-1 inhibitory activity would 
present a greater risk of GI toxicity. This idea is supported by evidence that 
ketorolac, the NSAID with the greatest COX-1 inhibitory effects, produces the 
highest risk for GI bleeding of all the medications in this class.*!4* COX-2 
inhibiting agents (e.g., celecoxib) have a minimal effect on COX-1 and 
theoretically present a lower risk of GI bleeding. However, no NSAID is 
completely free of ulceration risks and associated complications. Most of the 
factors that raise the risk for GI complications in patients taking NSAIDs also 
increase the likelihood of GI complications in non-NSAID-treated patients.*> As a 
result, patients may be at continued risk for GI complications even after switching 
to alternative medications. In addition, the incidence of cardiovascular toxicities 
has been shown to be higher with COX-2 inhibitors, so proper patient selection 
following evaluation of the risks and benefits is extremely important. 


Patients who have undergone renal transplantation have multiple risk factors for 
GI ulceration, including the stress of surgery, use of NSAIDs and corticosteroids, 
and increased gastric acid secretion during dialysis postrenal transplantation.*° 
Also contributing is the possible impairment of native GI cytoprotection due to 
azathioprine or mycophenolate-induced slowing of intestinal cell turnover. Ulcers 
can be asymptomatic with the symptoms masked by the use of corticosteroids. Risk 
factors for bleeding following transplantation include NSAID use for at least 1 
week post-transplantation, high-dose intravenous corticosteroids used for acute 
rejection, and cyclosporine use.** 

Patients with a history of GI bleeding may also be at increased risk of 
rebleeding when taking clopidogrel.'' Nine of 70 such patients (14%) had 
significant GI bleeding after a median follow-up of 1 year. All except one lesion 
was identical to the previous lesion, suggesting that clopidogrel causes rebleeding 
only in patients with underlying mucosal defects or scarring. Pre-existing mucosal 
breaks, caused by esophagitis or peptic ulcers, can be aggravated by the antiplatelet 
effects of thienopyridines, promoting bleeding.“* Healthcare providers should be 
alert to the fact that patients with a history of aspirin-induced GI bleeding are at 
high risk for the development of the same outcome with clopidogrel, which has 
been reported to have a favorable GI safety profile as compared with aspirin, 
although patients who were studied received only 325 mg doses of nonbuffered and 
nonenteric-coated aspirin. In addition, healthcare providers were permitted to 
exclude any patient they defined as aspirin-intolerant.* 


Patients at risk for pill-induced esophagitis are those who do not take enough 
fluids with their medications, those with swallowing abnormalities due to stroke or 


esophageal dysmotility, and those with anatomic abnormalities such as strictures.” 
Other risk factors include fasting, decreased production of saliva, age >70 years, 
and polypharmacy.!° Patients with left atrial enlargement are predisposed because 
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the left atrium can compress the esophagus.*° In most case reports of 
bisphosphonate-related ulcerative esophagitis or esophageal stricture, the patient 
took alendronate with little to no water or returned to a supine position too soon 
after swallowing the tablet.’ Women with a history of upper GI disease or patients 
with gastroesophageal reflux disease also appear to be at greater risk for 
esophageal complications from bisphosphonates. When used in combination, 
NSAIDs and bisphosphonates appear to have a synergistic effect on the risk for the 
development of gastric ulceration.*/ 


MORBIDITY AND MORTALITY 


Although some drug-induced upper GI ulceration may be relatively insignificant 
and transient, there is always a risk of severe complications including perforation, 
penetration of an ulcer from the stomach or duodenum into an adjacent organ, GI 
obstruction, and bleeding. Any of these complications can _ necessitate 
hospitalization with possible surgical intervention and can be life-threatening. 


The highest rates of complication are associated with NSAIDs. Problems range 
from minor but common side effects such as dyspepsia and abdominal pain to the 
more severe complications of ulceration, perforation, and bleeding. Although the 
more serious complications are relatively uncommon, they are a major public 
concern because of the large numbers of patients who are exposed each year to 
aspirin and other NSAIDs. With an estimated 111 million Americans taking 
NSAIDs, the reported 24.5% rate of significant upper GI events results in a large 
number of patients requiring care.**48? Although estimates vary, NSAID-related 
mortality has been reported to be as high as 16,500 per year in the United States.!° 
When nonaspirin NSAIDs are used concomitantly with aspirin, the annual risk of 
upper GI events increases to 5.6%.*+ 


Studies have attempted to determine hospitalization rates due to NSAID- 
induced complications. Patients with upper GI symptoms who were admitted 
through emergency departments were more likely to be NSAID users as compared 
with controls (odds ratio = 2.4).*° Blood transfusion requirements were also higher 
in the NSAID user group. Another population-based study reported a 
hospitalization rate of 2% over a 3-year period among NSAID users >50 years 
old.*! Eighteen hospitals in Spain and Italy participated in a study of risk for upper 
GI bleeding in which the incidence of upper GI bleed was 401.4 per million 
inhabitants aged 18 and older, with 38% of the cases attributable to NSAIDs.° An 
observational study of NSAID-related GI complications and death included 
patients in more than 200 hospitals in the Spanish National Health System that 
provides care for 80% of the country.°> The mortality was reported to be 15.3 
deaths per 100,000 NSAID users. 
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Table 35-6 Approaches to Help Prevent Drug-Induced Upper 


Gastrointestinal Ulceration 





Aspirin”®© 


* Use lowest possible dose; avoid other ulcerogenic medications 


Bisphosphonates>»® 


* Take with 8 ounces of water; remain upright for at least 30 minutes after taking medication 


Corticosteroids? 


¢ Avoid concomitant use of nonsteroidal anti-inflammatory drugs or aspirin, if possible 


Nonsteroidal anti-inflammatory drugs (NSAIDs)>-© 


* Use lowest possible dose; use least ulcerogenic nonsteroidal anti-inflammatory drug 
* Consider addition of proton pump inhibitor or misoprostol 

* Avoid other ulcerogenic medications 

* Treat Helicobacter pylori if found 


Potassium chloride (oral)® 


¢ Use preferred microencapsulated or liquid formulation; avoid slow-release, wax-matrix formulations 


Selective serotonin reuptake inhibitors!®:19 


* Use alternative class of antidepressant; avoid concomitant use of NSAIDs, if possible 


Ti etracyclines? 


* Use tablet formulation rather than capsule formulation 


PREVENTION 


Approaches to help prevent drug-induced upper GI ulceration are listed in Table 
35-6.7>-!819 The first and most important step is to avoid agents known to increase 
the risk of disease in patients who already have known risk factors. Whenever 
possible, an alternative medication with little or no risk for upper GI ulceration 
should be used in these patients. An example might be using acetaminophen instead 
of aspirin to treat osteoarthritis in an elderly patient. 








When the use of a medication known to cause upper GI ulceration cannot be 
avoided, using the lowest possible dose is helpful. Several strategies are available 
to help minimize upper GI injury in patients who require NSAID therapy. 
Eradication of H. pylori infection before starting NSAID therapy reduces the risk 
of ulceration and related bleeding. Randomized controlled trials, however, indicate 
that H. pylori eradication does not reduce the incidence of new peptic ulcers in 
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chronic NSAID users.”4 In low-risk patients (those having no known risk factors), 
using the lowest dose possible and avoiding concomitant use of other agents known 
to cause upper GI ulceration is recommended.*? An increased risk of GI toxicity 
has been seen when aspirin (even low-dose aspirin) 1s combined with other 
NSAIDs. Likewise, corticosteroids have a low incidence of GI ulceration when 
used alone; however, the incidence increases significantly when combined with 
NSAIDs. 


In patients at moderate risk (one or two risk factors), concomitant treatment 
with acid suppression therapy, such as a proton pump inhibitor (PPI) or 
misoprostol, should be considered.*° There is a large body of evidence to support 
the use of these agents, but it is estimated that over 50% of NSAID users with an 
increased risk for GI complications do not receive a gastroprotective therapy.7® 
PPIs prevent upper GI toxicity associated with NSAIDs and are generally well 
tolerated. They are considered effective in terms of acid suppression and 
prevention of peptic ulcers when coadministered with NSAIDs.7? PPIs may be 
especially important for patients with a true need for aspirin therapy, such as those 
at risk for a secondary cardiovascular event. In these patients, PPIs have been 
shown to reduce rates of aspirin discontinuation by decreasing the incidence of 
upper GI tract adverse events.*> Misoprostol is effective in increasing mucosal 
blood flow and stimulating mucus and bicarbonate production in the upper GI tract, 
and has been shown to reduce NSAID-induced GI ulceration considerably.’ 
However, it 1s associated with numerous adverse effects, such as diarrhea, which 
can limit its routine use. The use of a selective COX-2 inhibitor, such as celecoxib, 
may be considered in some patients. Selective COX-2 inhibitors reduce the 
incidence of GI toxicity as compared with traditional NSAIDs while still 
maintaining the anti-inflammatory properties. However, other toxicities, such as 
cardiovascular risk, associated with COX-2 selective inhibitors must be weighed 
against the potential benefit. Other options include using NSAIDs that undergo less 
enterohepatic circulation, such as nabumetone or etodolac. 

High-risk patients (greater than three risk factors or concomitant use of aspirin, 
corticosteroids, or warfarin) may benefit from the addition of a PPI or 
misoprostol.*° In the highest-risk patients (history of recent ulcer complications), it 
is best to avoid NSAIDs altogether. If avoidance is not possible, these patients 
should also receive a PPI or misoprostol.*° It is recommended that patients at high 
risk for ulcer-related bleeding from NSAIDs should take a PPI for as long as they 
continue to take NSAIDs. For patients who are able to discontinue the offending 
agents, short-term therapy with PPIs is preferred over longer-term therapy.” 

When PPI therapy is indicated to either treat or to provide prophylaxis against 
NSAID-induced ulceration, the risks and benefits should be considered. PPIs have 
been associated with Clostridium difficile infection, acute kidney injuries, and 
increased risk of bone fractures. There 1s evidence to suggest they may also be 
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linked to dementia, small intestine bacterial overgrowth, pneumonia, and 
micronutrient deficiencies. Risks of these adverse effects are greatest during long- 
term therapy. When long-term therapy is indicated, as with the high-risk patients 
mentioned above, the dose should be evaluated periodically so that the lowest 
effective dose can be prescribed.~4 


With other medications that cause upper GI ulceration, changing to an agent less 
likely to cause injury may be an option. In patients requiring oral potassium 
supplementation, switching to a microencapsulated form may be preferable to a 
slow-release, wax-matrix form. If patients are able to tolerate the taste, liquid 
formulations of potassium are also less likely to cause injury. Patients requiring a 
bisphosphonate for osteoporosis may tolerate risedronate better than alendronate, 
because it appears to be less ulcerogenic. 


Education is important for prevention of pill-induced esophagitis. Patients 
should sit or stand upright and take medications with ample fluids. They should 
remain upright for at least 15 minutes after taking the medication. Careful selection 
of the dosage form of the medication may also help prevent mucosal injury. Liquid 
or tablet formulations may be less problematic than capsules. 


In addition to the steps outlined above, patients at risk for upper GI ulceration 
should be educated regarding important lifestyle modifications, including 
avoidance of acidic beverages (e.g., citrus juices) and irritating foods (e.g., onions, 
spicy foods). 


MANAGEMENT 


The first step in the management of drug-induced upper GI ulceration is to reassess 
the need for the offending agent. Changing to an alternative medication is often 
ideal; however, if this is not possible, the lowest possible dose of the offending 
agent should be used. Gastric ulceration should be confirmed via endoscopy and, 
when present, treated with acid-suppressing therapy such as a PPI. Treatment of H. 
pylori infections should be considered as eradication can reduce the risk for further 
complications, such as bleeding.’? Surgery may be necessary to treat strictures. The 
addition of a PPI to a patient’s therapy may permit re-challenge with a medication 
that has previously caused GI ulceration.~ 


With pill-induced esophagitis, discontinuation of the offending agent is often the 
best treatment option. Symptoms usually improve within 2—6 days after stopping the 
medication. Antacids may provide rapid relief of pain and a topical anesthetic 
(e.g., viscous lidocaine) can also provide relief.!°*° Acid suppressing therapy 
(e.g., PPI) may be used as an adjunct in treating esophageal damage and is 
beneficial if gastroesophageal reflux is present, as the refluxed material may 
worsen esophagitis.!° Sucralfate may also be an option to reduce exposure of the 
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injured mucosa to refluxed acids.*° Avoiding foods or beverages (e.g., citrus, 
alcohol) that might exacerbate symptoms may also be helpful in selected patients. !° 
Drinking plenty of water is also helpful in preventing tablets or capsules from 
adhering to the mucosa and causing damage. 


INFORMATION FOR PATIENTS 


Patient consultation is essential to help ensure the safe use of the medications 
known to cause upper GI ulceration. As previously noted, one of the biggest risk 
factors for drug-induced upper GI ulceration is the concomitant use of NSAIDs, 
including low-dose aspirin, with any other medication known to cause upper GI 
ulceration. Because many NSAIDs are available over the counter under a variety of 
brand names and as combination products, an informed patient may be the best 
protection against these adverse events. Patients should be reminded to carefully 
read labels of nonprescription medications to avoid inadvertently purchasing 
products containing NSAIDs. A discussion of potentially harmful nonprescription 
medications should be conducted with all patients receiving a prescription for any 
of the causative drugs. Patients should also be instructed to always use one 
pharmacy so that any potential interactions or additive toxicities are brought to the 
pharmacist’s attention. 


For NSAIDs, patients should take the recommended dose for the indicated 
length of time. If prescribed for a chronic condition, patients should be regularly 
reminded of the warning signs of ulceration. They should report any nausea, 
abdominal pain or tenderness, or coffee-ground or bloody emesis or stools 
immediately to their healthcare provider. Patients must realize that even low-dose 
aspirin can result in complications. When treating patients with acute pain, the 
benefits of analgesia from NSAIDs must be weighed against the aforementioned 
risks. Although patients and providers are often wary of the risk of developing 
addiction and substance abuse disorder, therapy with opioids may be more 
appropriate than NSAIDs in the short term in many cases. 


Patients taking bisphosphonates should strictly adhere to recommendations 
regarding administration, including taking the medication first thing in the morning 
at least 30 minutes before eating or drinking anything, taking the medication with a 
full glass of water, and staying in a sitting or standing position for at least 30 
minutes following ingestion. Patients should also be educated as to the temporal 
relationship that often exists between taking the medication and the onset of 
symptoms, so they may realize the cause and seek medical attention more quickly. 
Any medication known to cause pill-induced esophagitis should be taken with 
sufficient fluid every time a dose is administered. 
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CHAPTER 36 


Diarrhea 


Sarah A. Nisly and Alison M. Walton 


Diarrhea is a relatively frequent adverse drug effect. Symptoms may be mild and 
transient, disappearing within days, or severe and life-threatening, causing 
electrolyte disturbances and dehydration. Because even healthy individuals may 
experience symptoms of diarrhea from time to time, the identification of drug- 
induced diarrhea can be challenging. In addition, drug-induced diarrhea may 
present after months of routine drug use, further complicating its recognition. 


CAUSATIVE AGENTS 


Drug classes and specific agents with a >10% incidence of diarrhea are listed in 
Table 36-1.!"!2° However, this list should not be interpreted as exhaustive, because 
diarrhea can be a side effect of a multitude of drugs. Agents from the following 
drug classes are common culprits: antibiotics, antidepressants, antihyperglycemic 
agents, and antineoplastics.7474?-*’ 

Antineoplastics represent an important class of drugs associated with a high 
incidence of drug-induced diarrhea, referred to as cancer treatment—induced 
diarrhea (CTID).!*!"!? The actual incidence of diarrhea associated with individual 
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antineoplastic drugs is difficult to determine because most chemotherapeutic 
regimens use combination therapies; however, it is reported that between 50% and 
80% of patients experience diarrhea during treatment.!*? The potential for CTID 
increases with the number of antineoplastic agents administered and when radiation 
therapy is used.!2!-!23 


Antibiotics also represent a class of drugs with a high incidence (>20%) of 
drug-induced diarrhea, referred to as antibiotic-associated diarrhea (AAD).!?*!° 
The incidence of AAD is similar with oral and parenteral antibiotic 
administration.'*”7 AAD can be due to a secondary Clostridium difficile infection 
(CDI) or may be a manifestation of alterations in colonic flora.!?*+!?/ 
Pseudomembraneous colitis, attributed to CDI, specifically describes the formation 
and proliferation of membranous exudates in the colon resulting in diarrhea. 
Clindamycin, B-lactams, and fluoroquinolones are most frequently associated with 
CDI, often resulting in hospitalization and, if untreated, death. !?4!2128 






Table 36-1 Agents Implicated in Drug-Induced Diarrhea 
Level of 











Drug Class Incidence __| Evidence® 

ANTIBIOTICS 
Carbapenems2-4 A 
Cephalosporins5-14 A 
Clindamycin15-20 A 
Fluoroquinolones?2 1-22 A 
Macrolides23-28 5-11.6% A 
Penicillins23,29-41 A 

ANTIDEPRESSANTS 


Selective serotonin reuptake inhibitors21,42-44 


Serotonin/norepinephrine reuptake inhibitors42,45-47 





ANTIHYPERGLYCEMIC AGENTS 
a-glucosidase inhibitors49-53 15-49% 


Biguanides54-55 12.5-30% 


Glucagon-like peptide-1 receptor agonists56-58 3-18% 





ANTINEOPLASTIC AGENTS 
Monoclonal antibodies59-67 





Immune checkpoint inhibitors68-69 844% A 
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Topoisomerase inhibitors2 1,70-75 20-90% 





Tyrosine kinase inhibitors76-89 30-50% 
MISCELLANEOUS 

Erythropoietin-stimulating agents90-92 A 
Interferon a-2B93-94 A 
Misoprostol95-96 A 
Mycophenolic acid97-101 A 
Orlistat 102-107 A 
Protease inhibitors 108-116 A 
Peginterferon a-2a116-119 A 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Herbal agents are also known to induce diarrhea and must be considered when 
evaluating a patient with this disorder. Commonly used herbal products associated 
with diarrhea include chondroitin, glucosamine, ginkgo, and saw palmetto. !7%"!*2 
Although limited research makes it difficult to determine the exact incidence of 
diarrhea associated with the use of herbal products, it may help to consult a natural 
medicine database.'*> Careful attention must also be paid to over-the-counter 
(OTC) products containing magnesium, sorbitol, and lactulose as each of these 
ingredients may lead to osmotic diarrhea. Likewise, agents used to treat or prevent 
constipation (e.g., mineral oil, bulk forming laxatives) may overcorrect and lead to 


diarrhea.”! 


EPIDEMIOLOGY 


The epidemiology of diarrhea differs in developed versus developing countries. In 
the United States, it is estimated that 375 million episodes of acute diarrhea occur 
annually, with the highest prevalence in children younger than 5 years of age. 
Worldwide, diarrhea is reported as the second leading cause of death in children 
under 5 years of age.!*4 

Elderly individuals are also at an increased risk, due to declining 
gastrointestinal (GI) tract function. Approximately 10% of individuals over 65 
years of age report routine diarrhea.!*° Overall, drug-induced diarrhea accounts for 
approximately 7% of all adverse drug events. More than 700 drugs are associated 


with diarrhea, and about 25% of those are antibiotics. !!* 
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MECHANISMS 


Diarrhea arises from various mechanisms including decreased absorption of water, 
electrolytes, or nutrients, active secretion into the GI tract, increased GI motility, or 
infection.?!:!!4.123.127,134 Mechanisms for drug-induced diarrhea are listed in Table 
36-2. 





Table 36-2 Mechanisms of Drug-Induced 


Diarrhea®:©9.118,125,129,136,139 





Drug Mechanism 


a-glucosidase inhibitors Osmotic 


Antibiotics Secretory 
Antineoplastics 

Biguanides 

Calcitonin 

Colchicine 

Misoprostol 

Olsalazine 

Theophylline 

Erythromycin Motility 
Cisapride 

Metoclopramide 

Antibiotics Exudative (increased active secretion) 
Antineoplastics 


Antibiotics (aminoglycosides, tetracyclines) Malabsorption of fat (steatorrhea) 
Antiretroviral therapy 

Biguanides 

Cholestyramine 

Colchicine 

Orlistat 


Antibiotics Microbial proliferation 
Antineoplastics 

Immunosuppressive agents 

Nonsteroidal anti-inflammatory drugs 


Decreased absorption of water may occur in association with drug-induced 
osmotic and secretory diarrhea. Drugs commonly used to treat constipation, such as 
lactulose and magnesium, affect the lumen of the gut and promote retention of water 
and electrolytes. Drug-induced secretory diarrhea occurs when a medication 
increases secretions or decreases absorption of large amounts of water and 
electrolytes in the gut lumen.!*° Drug-induced diarrhea has also been attributed to 
fat malabsorption (termed steatorrhea). Drugs can prevent absorption of fatty acids 
in the small intestine. When nonabsorbed fatty acids reach the colon, they inhibit 
fluid absorption and diarrhea ensues. Orlistat, a gastrointestinal lipase inhibitor, 


1531 


uses this principle to inhibit absorption of dietary fats for the purpose of weight 
logs, 100-105 


An increase in active secretion is associated with drugs that destroy the mucosa 
of the small and large intestine.'*!"!*> This exudative process causes discharge of 
mucus, serum proteins, and blood into the gut, altering water and electrolyte 
absorption. Irinotecan is a common antineoplastic agent associated with intestinal 
damage leading to increased colonic exudate. !** 


Drugs that increase GI motility (thereby decreasing the amount of time chyme is 
exposed to intestinal epithelium) cause abnormal absorption and secretion that can 
result in diarrhea. Prokinetic medications including metoclopramide and_ the 
macrolide antibiotic, erythromycin, are associated with this type of direct effect on 
the intestine.2!:!4.127,156 

AAD occurs as a result of the disruption in the delicate organism balance 
throughout the GI tract.!°’ Antibiotic exposure may result in the overgrowth of 
antibiotic-resistant bacteria, fungi, or toxin-producing Clostridium difficile. C. 
difficile secretes enterotoxin A and cytotoxin B. Enterotoxin A adheres to the brush- 
border membrane of enterocytes, inducing lesions and an inflammatory response. 
Cytotoxin B may also cause GI mucosal damage. Both toxins are necessary for the 
characteristic tissue damage associated with CDL?}3%!9° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Diarrhea is defined as an increased frequency of bowel movements (>3 per 24 
hours), decreased stool consistency, and/or increased stool weight (>200 g per 24 
hours). !34140 Because bowel habits, stool characteristics, and daily stool output 
vary considerably among individuals and populations, diarrhea, including drug- 
induced diarrhea, should always be evaluated in light of the patient’s age, weight, 
and comorbid conditions. Patients with prolonged, voluminous, bloody diarrhea or 
severe abdominal pain from diarrhea should be carefully evaluated. A patient may 
present with weight loss, weakness, orthostatic hypotension, tachycardia, 
electrolyte imbalances and acid—base disturbances.!**!4° Signs and symptoms of 
drug-induced diarrhea are listed in Table 36-3. 


Table 36-3 Signs and Symptoms Associated with Drug-Induced 


Diarrhea 136,142 
* Abdominal pain 

¢ Acid—base disorders 

° Chills 
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* Cramping 

* Dehydration 

¢ Dizziness 

* Electrolyte imbalance 
° Fever 

* Headache 

* Hyperactive bowel sounds 
* Hypotension 

* Malaise 

* Nausea/vomiting 

* Tachycardia 

¢ Thirst 

° Weakness 

* Weight loss 


The clinical presentation of diarrhea may be acute or chronic, and drugs have 
been recognized as a cause in both. Diarrhea subsiding within 72 hours is usually 
considered acute; although episodes of acute diarrhea can persist for up to 14 
days.'*! Patients with acute diarrhea may also experience abrupt onset of nausea, 
vomiting, abdominal pain, headache, fever, chills, and malaise. There may be 
generalized or local abdominal tenderness with hyperactive bowel sounds. Bowel 
movements are frequent and usually not bloody.!**!*° Patients seeking medical 
attention should be screened for dehydration and electrolyte imbalances. Infectious 
etiologies may require evaluation, although symptoms are typically self-resolving. 
A complete blood count to assess for leukocytosis and eosinophilia may be 
warranted if the patient has risk factors for a parasitic infection (e.g., recent 
travel).!4! 


Diarrhea lasting 30 days or longer is considered chronic.'*! Chronic diarrhea 
involves frequent attacks over extended periods, making its cause more difficult to 
identify. With chronic diarrhea, patients are more likely to seek medical attention 
and diagnostic tests become more important.*° A more thoughtful and systematic 
evaluation for possible malabsorption, food allergies, inflammatory bowel disease, 
and drug causes is necessary.'** Flexible sigmoidoscopy, colonoscopy, and 
abdominal computed tomography may all be useful in determining abnormalities 
and alternate causes for chronic diarrhea (e.g., Crohn disease). !4!.!42 

Malabsorption of fat results in pale and voluminous stool with a stool fat 
content >6 g per day and a stool weight >200 g per day.'* A stool sample is 
necessary to determine stool fat content and weight. If possible, sample collection 
over 3-5 days is preferred to reduce errors and variability, because slight 
increases in fecal fat not associated with fat malabsorption have been identified in 
patients with diarrhea. Because of the difficulty in obtaining a 3—5 day collection of 
stool, other diagnostic tests are often used. The Sudan III stain, acid steatocrit, and 
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the near infrared reflectance analysis offer accurate and simplified alternatives for 
diagnosing steatorrhea. !43-!4¢ 


Food allergies often must be ruled out when evaluating patients for possible 
drug-induced diarrhea. However, this can be difficult and time-consuming, 
requiring a thorough patient history, stool samples, laboratory testing, and invasive 
procedures (e.g., colonoscopy). !4” Having a patient avoid high-risk foods on a trial 
basis is often an initial diagnostic approach because it is relatively easy and 
frequently successful. Typically gluten is the first to be removed from the diet, 
evaluating patient response after 2-8 weeks.!47:!48 Agoressive diet restrictions may 
also be attempted, slowly adding back foods after symptoms resolve. Serum IgE or 
IgA antitissue transglutaminase (TTG) antibody testing, under the care and direction 
of an allergist, may also be done to identify specific food allergies.!4*!*° In the 
case of celiac disease, the IgA TTG demonstrates a 95% specificity and 
sensitivity. 47 


Antineoplastic agents are well-recognized causes of drug-induced diarrhea. !7° 
Two National Cancer Institute-sponsored cooperative group trials of irinotecan 
plus high-dose fluorouracil and leucovorin for advanced colorectal cancer led to 
the recognition of a life-threatening GI syndrome, with symptoms including severe 
diarrhea, nausea, vomiting, anorexia, and abdominal cramping.’~7*-!>° These 
symptoms were associated with severe dehydration, neutropenia, fever, and 
electrolyte imbalance. Severe abdominal cramping appeared to be an important 
early warning sign of imminent diarrhea. 


Immune checkpoint inhibitors, such as cytotoxic T-lymphocyte antigen-4 and 
programmed cell death protein-1 antibodies, are commonly associated with 
diarrhea. Patients typically report an onset of diarrhea at 7 weeks with ipilimumab 
and nivolumab, while pembrolizumab-induced diarrhea typically occurs at 6 
months. Beyond diarrhea, these agents are associated with a high incidence of 
enterocolitis, defined by abdominal pain, rectal bleeding, and _ colonic 
inflammation. Irrespective of the agent responsible, early detection and treatment of 
diarrhea is imperative to prevent life-threatening complications.°°°7!>° 

AAD and CDI may occur from a few days after initiation of antibiotic therapy 
to 8 weeks after discontinuation of the drug.!°? Patients with CDI present with 
profuse diarrhea (rarely with blood) consisting of mucoid, greenish, foul-smelling, 
watery stools, abdominal pain, bloating, low-grade fever, and leukocytosis. Stool 
culture remains the gold standard for diagnosing CDI; however, testing is difficult 
to perform and time-consuming, and results take 24-48 hours to finalize. Rapid 
diagnostic testing can be used to identify the presence of C. difficile and associated 
toxins. Initial testing done using glutamate dehydrogenase (GDH) demonstrated 
variable sensitivity (~ 90%) and specificity (~91%). Development of the nucleic 
acid amplification test and polymerase chain reaction allowed for high sensitivity 
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(~90%) and specificity (~97%), replacing the GDH in practice.!3*!5! Use of 
rapid diagnostic testing allows for quicker diagnosis and treatment, often within the 
same day. It is important to note that no diagnostic test available can ascertain the 
difference between colonization with C. difficile and true infection. 


Differentiating between drug-induced diarrhea and other forms of diarrhea can 
be challenging. Practitioners should seek to identify any changes in diet (including 
alcohol) or drug therapy that have occurred recently and any new drugs 
(prescription, OTC, illicit) or herbal and nutritional supplements to which the 
patient has been exposed.!4° Because diarrhea may result from drug therapy started 
as long as 4 weeks prior to the onset of symptoms and 8 weeks following 
discontinuation, the temporal relationship between onset and changes in drug 
therapy must be carefully and thoroughly explored. Additive or synergistic effects 
from possible drug—drug interactions must also be considered. To help rule out 
common nondrug causes of diarrhea, eating habits, alcohol and caffeine 
consumption, and illicit drug use as well as psychosocial factors that might be 
affecting the patient all must be considered. Any environmental changes in the 
patient’s home or office, recent travel or exposure to possible sources of bacterial 
or viral pathogens, disease processes, or comorbid complications must all be 
identified. Conditions to consider in the differential diagnosis of drug-induced 
diarrhea are listed in Table 36-4. 


RISK FACTORS 
General risk factors for diarrhea are listed in Table 36-5. Although specific risk 
factors for drug-induced diarrhea have not been identified, it can reasonably be 
assumed that patients are at increased risk for drug-induced diarrhea when one or 
more of the general risk factors are present or if multiple agents known to cause 
diarrhea are used concomitantly. Furthermore, because changes in bowel function 
or a developing GI tract put the elderly and pediatric populations at increased risk 
for diarrhea, healthcare providers must recognize that the potential for drug- 


induced diarrhea is increased in these populations as well. !23:!34-136 


Table 36-4 Conditions to Consider in the Differential Diagnosis 
21,116,123,126,136 






of Drug-Induced Diarrhea 


Celiac disease 

* Crohn disease 

¢ Dyerticulitis 

* Gastroenteritis 

¢ Infectious diarrhea/traveler’s diarrhea 
o Campylobacter 
o Cryptosporidium 


1535 


Cyclospora 

Enterotoxigenic Escherichia coli 
Giardia lamblia 

Microsporidia 

Plesiomonas shigelloides 
Rotavirus 

Salmonella 

Shigella 

* Irritable bowel syndrome 

¢ Ischemic bowel disease 

* Malabsorption syndrome 

* Psychiatric disease 

* Psychosocial/psychological disorders 
* Ulcerative colitis 


oo0o00o0UCmU0UWUCOUUCUCOUCOO 





¢ Age (pediatric and elderly) 
¢ Diet (high-fat, high-fiber) 

* Female sex 

¢ Malnutrition 

¢ Pain 


¢ Unsanitary conditions 


MORBIDITY AND MORTALITY 


The morbidity and mortality of drug-induced diarrhea is largely unknown. Severe 
diarrhea may result in dehydration, electrolyte abnormalities, and shock, leading to 
hospitalization and even death. Worldwide, diarrhea is reported as the second 
leading cause of death in children under 5 years of age.'°4 CDIs during 
hospitalization doubled between 2001 and 2010.'°! In 2009, the 30-day 
readmission rate for patients with C. difficile was 12.8%.'° Two National Cancer 
Institute-sponsored cooperative group studies reported mortality rates of 0.6% and 
1.9% due to severe diarrhea and subsequent complications secondary to the use of 
irinotecan, fluorouracil, and leucovorin in cancer patients. 


Table 36-6 Approaches to Help Prevent Drug-Induced 


Diarrhea !39,155,162 





¢ Adjust dosage to patient-specific parameters (e.g., age, weight, renal/hepatic function) 
¢ Avoid foods with artificial sweeteners (e.g., sorbitol, mannitol, fructose) 
* Encourage fluid and proper diet 
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* Encourage rational antibiotic use; prescribe antibiotics only when necessary; reserve broad-spectrum 
antibiotics where possible 

* Identify any drug intolerance or allergy previously experienced 

* Identify liquid medications with high sorbitol content and substitute the tablet/capsule form when possible 

* Implement probiotic therapy (further investigation necessary; see text) 

* Instruct patient to eat low-residual diet (e.g., bananas, rice, applesauce, toast) 

* Instruct patients to consume low-fat meals (e.g., with orlistat) 

* Instruct patients to eat frequent, small meals 

¢ Instruct patients to take medication with meals (if not contraindicated) 

¢ Slowly increase dosage of potential offending agent (if able) 

* Use alternative medications with a lower risk of diarrhea when available 


PREVENTION 


Techniques for decreasing the risk of drug-induced diarrhea are listed in Table 36- 
6. Although proper diet and adequate fluid intake should be always be encouraged, 
implementing specific preventive measures in all patients receiving a drug with the 
potential to induce diarrhea may be overzealous. It is more effective for healthcare 
providers to implement preventive measures in patients with a history of 
intolerance to medications or in patients receiving medications associated with a 
high incidence of diarrhea. Whenever possible, healthcare providers should attempt 
to minimize drug-induced diarrhea in their patients by avoiding the use of 
medications with high sorbitol content or high tonicity,!? using alternative 
medications with lower incidences of causing diarrhea, using low doses and 
slowly increasing the dose of drugs known to cause diarrhea, and judiciously 
prescribing antibiotics. 

In addition to general measures, drug-specific preventive measures are 
sometimes available. Patients may decrease the incidence of orlistat-induced 
diarrhea by consuming low-fat meals. Patients experiencing GI cramping and 
diarrhea associated with iron therapy or multivitamins may benefit from taking 
these preparations with meals. Patients with chemotherapy-induced diarrhea may 
benefit from smaller, more frequent meals, avoiding certain foods known to 


contribute to their diarrhea, and increasing intake of oral fluids.! 

Probiotics are commonly promoted as being effective in strengthening the 
immune system and/or recolonizing the gut. Patients with AAD may express interest 
in using probiotics or have specific questions regarding product selection.!°* The 
use of probiotics in the prevention and treatment of AAD has been studied. 
Unfortunately, the evidence is insufficient to determine which probiotics have the 
greatest efficacy or which antibiotic-treated AAD patients receive the greatest 
benefit. !>> 

Probiotics have also been suggested and evaluated for use in prevention of 
CDI.!°*!8 A Cochrane Review that pooled the findings of 23 randomized clinical 
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trials suggested that probiotics, when given simultaneously with antibiotics, 
reduced the risk of CDI.'°’ However, given the difficulty with interpretation from 
meta-analyses. Evidence remains insufficient to recommend probiotics for the 
prevention of CDI.!%? Probiotic use is likely safe if recommended in otherwise 
healthy patients. Caution should be used in patients with risk factors for probiotic 
sepsis, including those with immune compromise.!°® 


MANAGEMENT 


Approximately 90% of cases of acute diarrhea are self-limiting and require no 
intervention.!*? Drug-induced diarrhea usually spontaneously resolves within a few 
days following withdrawal of the drug and, in some cases, resolves even with 
continued use of the causative agent.'!4 When diarrhea persists, identification of the 
offending agent is imperative to direct appropriate therapy. Patients should be 
asked specifically about new or recently discontinued drugs (prescription, OTC, or 
illicit) or herbal and nutritional supplements as well as changes in eating habits and 
alcohol or caffeine intake. !4° 


Whenever possible, the culprit drug should be discontinued or changed to an 
agent less likely to cause diarrhea. Solid oral dosage forms may be considered 
when sorbitol-containing liquid medications or high-tonicity formulations are 
associated with diarrhea. Another option, if a formulation change is not feasible, is 
to dilute the liquid medication with water. When therapy with the offending agent 
must be continued, some of the preventive measures described in Table 36-6 may 
be helpful. With a few exceptions, antidiarrheal medications should not be thought 
of as first-line therapy for drug-induced diarrhea; however, if the culprit drug 
cannot be changed or discontinued and preventive measures do not resolve the 
diarrhea, antidiarrheal drugs may be used. The selection of the antidiarrheal drug 
depends on the cause of the drug-induced diarrhea (Table 36-7). !2°:138:139 





Table 36-7 Antidiarrheal Agents Utilized in Drug-Induced 


Diarrhea !25,140,141 

Cause Antidiarrheal Drug 
Loperamide 

Cancer treatment—induced diarrhea Octreotide 


Tincture of opium (persistent symptoms) 
Bismuth subsalicylate 


Clostridium difficile—associated diarrhea - - 
Cholestyramine (persistent symptoms) 
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CANCER TREATMENT-INDUCED DIARRHEA 


Patients with CTID are a population in which antidiarrheal medications may be 
indicated as first-line therapy, especially in situations in which it would be 
detrimental to discontinue or lower the dose of the culprit chemotherapeutic agent. 
CTID has been recognized as a severe and life-threatening complication for which 
vigilant monitoring and aggressive therapy is warranted. !2!-!3.!60-162 Patients with 
uncomplicated, grade 1 or 2 CTID (Table 36-8) should be treated with loperamide 
4 mg initially followed by 2 mg every 4 hours or after every unformed stool to a 
maximum of 16 mg daily. Patients should be reassessed after 12—24 hours, and, if 
diarrhea persists, the loperamide dose should be increased to 2 mg every 2 hours 
and therapy with an oral antibiotic (e.g., fluoroquinolone) initiated. For patients 
with unresolved diarrhea after an additional 12- to 24-hour period, loperamide 
should be discontinued and octreotide 100-150 mcg should be given 
subcutaneously three times daily. The optimum dose of octreotide has not been 
determined; doses may be increased up to 500 mcg three times daily until symptoms 
are controlled with expected response within 4 days. Tincture of opium is another 
potential second-line antidiarrheal agent to consider in patients who do not respond 
to other treatment approaches. Patients presenting with grade 3 or 4 CTID should 
be admitted to the hospital and given intravenous fluids and antibiotics (e.g., 
fluoroquinolone). Octreotide in subcutaneous doses as outlined above or 
intravenously in a dose of 25—50 mcg per hour should be administered. Cytotoxic 
chemotherapy should be discontinued until all symptoms have resolved; afterward, 
chemotherapy should be reinstituted at reduced dosages. !?!"!?? 


Table 36-8 Criteria for Grading Severity of Diarrhea!*'° 
| Grade 1 Grade 2 


Increase of Increase of 





| Grade 3 


Increase of >7 


| Grade 4 


>10 stools/day 

Grossly bloody 
diarrhea and need 
for parenteral 
support 


Patients without a 


colostomy <4 stools/day over 4-6 stools/day 
or nocturnal stools 


Moderate cramping, 


stools/day 
pretreatment 
No other symptoms 


Severe cramping 
and incontinence, 
interfering with 
daily activities 


not interfering with 
normal activity 





4+— } +— 
Patients with a Mild increase in loose, | Moderate increase Severe increase in Physiologic conse- 


colostomy watery colostomy 
output compared 


with pretreatment 


in loose, watery 
colostomy output 
compared with pre- 
treatment, but not 


interfering with nor- 


loose, watery 
colostomy output 
compared with pre- 
treatment, inter- 
fering with normal 


quences requiring 
intensive care; 
hemodynamic 
collapse 














mal activity activity 

Oral antibiotics (e.g. fluoroquinolone) are used in CTID to prevent 
superinfection from widespread necrosis of crypt stem cells, especially in patients 
with immunosuppression or neutropenia. Superinfection can worsen diarrhea via 
direct secretory effects on the intestinal mucosa and destruction of the intestinal 
epithelium. Antibiotic therapy should be targeted at opportunistic pathogens, 
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including C. difficile, Clostridium perfringens, Bacillus cereus, Giardia lamblia, 
Cryptosporidium, Salmonella, Shigella, and Campylobacter and guided by local 
patterns of sensitivity and resistance. !72 


CLOSTRIDIUM DIFFICILE-ASSOCIATED 
DIARRHEA 


In patients with CDI, the culprit antimicrobial agent(s) should be stopped as soon 
as possible.!**-!°° Oral metronidazole and vancomycin are first-line antibiotics 
used to treat patients with C. difficile and resulting CDI. For mild-to-moderate 
CDI, oral metronidazole is preferred initially based on equal efficacy and 
decreased cost in comparison to oral vancomycin. Metronidazole should be given 
orally in doses of 500 mg three times a day.!*? Although oral metronidazole is 
preferred, intravenous metronidazole may be considered when the oral route is not 
available. Vancomycin therapy delivered via enema may be another appropriate 
option for patients in whom oral antibiotics cannot reach a segment of the colon. 
For severe CDI, patients should be treated with oral vancomycin 125 mg four times 
a day. Oral vancomycin is also recommended for patients who do not respond to 
initial metronidazole treatment within 5—7 days, for patients with intolerance or 
allergy to metronidazole, and for pregnant or breastfeeding women. Intravenous 
vancomycin is not indicated in treatment of CDI. In patients with severe and 
complicated CDI (e.g., those with hypotension or shock, ileus, megacolon), a 
combination regimen of oral vancomycin 500 mg four times daily in addition to 
intravenous metronidazole 500 mg every 8 hours may be warranted. If ileus is 
present, one should consider adding a vancomycin retention enema (500 mg in 500 
mL normal saline) administered every 6 hours. The American College of 
Gastroenterology guidelines recommend a treatment duration of 10 days for initial 
CDI, although the Society for Healthcare Epidemiology of America and the 
Infectious Diseases Society of America guidelines include a range of 10-14 
days. !°*!39 Fidaxomicin (200 mg orally twice daily for 10 days) is an alternative 
antibiotic approved for the treatment of mild-to-moderate CDI; however, the cost of 
the agent is significantly higher than vancomycin, the efficacy is similar, and 
clinical practice guidelines urge caution with its use until additional data are 
available. !38.!39.!62,163 There are no convincing efficacy data to support use of other 
antibiotics, including rifampin, rifaximin, nitazoxanide, or tigecycline. !°*!°° 


Recurrence is a common challenge in the management of CDI.!°? The first 
recurrence of CDI should be managed with the same regimen used in the initial 
episode unless the disease is severe, in which case vancomycin should be used. 
The second recurrence should be managed with a tapered, pulsed vancomycin 
regimen, such as 125 mg orally four times daily for 10 days followed by 125 mg 
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orally three times a week for 10 doses. For a third recurrence, fecal transplant 
should be considered.!°” 


Although antibiotics are the focus in CDI management, other treatment 
modalities have been studied. Case reports and small case series have described 
use of intravenous immunoglobulin (IVIG) to bolster the immune response to C. 
difficile toxins.'°? The dosing regimen of IVIG is 300-500 mg/kg daily until 
resolution or to a maximum of six doses. [VIG should only be considered in select 
patients as an adjunct to antibiotic therapy in severe refractory or recurrent 
CpI.!?9-!64:165 Treatment directed at binding the C. difficile toxin has included use 
of the bile acid—binding resin cholestyramine. Studies, however, have failed to 
show a high success rate with cholestyramine, and it has been relegated to adjunct 
treatment status for patients who do not respond adequately to antibiotics. !©+!® 


In patients with CDI, antidiarrheal medications that inhibit peristalsis (e.g., 
diphenoxylate) should be limited or avoided, because these agents can mask 
symptoms, prevent toxin elimination potentially prolonging the course of illness, 
and have been associated with the serious complication of toxic megacolon. !**!°° 
Agents such as bismuth subsalicylate are preferred in CDI if antidiarrheal treatment 
is necessary. Probiotics have also been studied for the treatment of CDL!°!®7 A 
systematic review and meta-analysis of Saccharomyces boulardii concluded that 
the evidence for efficacy in the treatment of CDI as an adjunct to antibiotics is 
weak.!°7 The use of adjunct probiotics is not recommended for initial treatment 


based on limited efficacy data, high costs, potential risks, and product 


variability, '°*-!°° 


REHYDRATION MANAGEMENT 


The most common complication of severe diarrhea is dehydration. !** Patients with 
mild or moderate dehydration can nearly always be rehydrated with oral 
rehydration solution (ORS). An appropriate ORS contains sodium, potassium, 
chloride, citrate, and glucose to address electrolyte and bicarbonate losses. The 
rehydration volume for dehydrated patients is approximately 50-100 mL/kg. 
Additional volumes may be necessary to account for continuing stool losses. !34 

Intravenous fluid is recommended for patients with severe dehydration or when 
oral rehydration is contraindicated.'*+ Volumes of 100 mL/kg of body weight or 
more may be required for rehydration. Rapid replacement of fluid and electrolyte 
losses is necessary to prevent shock and subsequent death. A polyelectrolyte 
solution such as Ringer’s lactate is considered appropriate for this purpose. 
Normal saline is a poorer choice for rehydration in these patients because it does 
not correct the acidosis or hypokalemia that may result from severe diarrhea. !*4 
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INFORMATION FOR PATIENTS 


Patients prescribed drugs that may cause clinically relevant diarrhea should be 
warned of the potential for this adverse effect prior to the initiation of therapy. A 
detailed list of potential adverse effects with a timeline should be communicated 
and strategies to combat symptoms that arise discussed. To help anticipate and 
avoid complications, patients should always be carefully questioned regarding any 
adverse drug reactions previously experienced. 


Adequate fluid intake and a proper diet should be recommended for any patient 
who might experience drug-induced diarrhea. Use of OTC agents to alleviate 
diarrhea may be appropriate. Patients with CDI should be cautioned to avoid 
antidiarrheals, as use can retain toxins produced by C. difficile within the colon. 
Probiotics may be useful in AAD, and it is reasonable to recommend a product in 
an otherwise healthy patient. 


Patients should be aware that most incidences of drug-induced diarrhea are 
self-limiting and resolve within a few days. However, if symptoms are chronic, 
lasting more than 30 days, or severe (e.g., presence of blood, existence of fever, 
excruciating pain), the patient should notify the healthcare provider immediately. 


Note: The authors wish to acknowledge the work of Dr. Nayahmka McGriff-Lee, who authored this chapter in 
a previous edition. 
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CHAPTER 37 


Constipation 


Sarah A. Nisly and Carolyn M. Jung 


Constipation is a common gastrointestinal disorder and is frequently drug induced. 
Signs and symptoms vary considerably between patients. Although constipation is 
often relatively mild and interferes only slightly with a patient’s quality of life, it 
can, at times, necessitate discontinuation of essential drug therapy, increase the cost 
of care, and even prove to be life threatening. Identification of drug-induced 
constipation is difficult due to a number of confounders which may contribute to or 
exacerbate the problem. In addition, there is significant variation among both 
patients and health professionals in defining what actually constitutes constipation. 


CAUSATIVE AGENTS 


Commonly used drugs known to be associated with a 10% or greater incidence of 
causing constipation are listed in Table 37-1.'°’ Constipation is commonly listed 
as an adverse effect for both prescription and nonprescription medications; thus, 
this list should not be considered all-encompassing. Opioids and antineoplastic 
agents are two of the most common classes of medications known to cause 
constipation.2°7?©>5 Any medication with anticholinergic properties, including 
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antidepressants and antipsychotics, has the potential to cause constipation as well.* 
13,3238 Medication classes with lower incidences of constipation include 
anticonvulsants, antihistamines, nondihydropyridine calcium channel blockers, 
diuretics, calcium supplements, and aluminum-containing antacids.°°°° Some 
medications within these classes may have higher incidences of constipation 
similar to those of opioids. Herbal preparations including chondroitin sulfate, 
glucosamine sulfate, Echinacea, and saw palmetto have also been reported to 
cause constipation.°”°? 


EPIDEMIOLOGY 


The reported prevalence of constipation due to any cause varies considerably 
among published studies. A systematic review of published literature on 
constipation found a median prevalence of 16% in North America, but ranges 


between 2.5% and 79% worldwide.*! Females experience constipation more 


commonly than males, with a median ratio of 1.5:1 cases.*!** Females are also 
more likely to seek medical care for constipation and receive treatment, as opposed 
to males. The prevalence of constipation increases with age, with 33.5% of adults 
ages 60-101 affected.*! Within the geriatric population, nursing home residents 
experience constipation more often than the general community. Lastly, ethnicity 
may play a role with nonwhites more likely to be affected by constipation than 
whites.*!8* Although drugs are well recognized as a potential cause of constipation, 
the incidence of drug-induced constipation is unknown. Opioid-induced 
constipation, a subset of drug-induced constipation, occurs in 17-67% of patients 
in the United States according to survey and medical chart review data.* 


Table 37-1 Agents Implicated in Drug-Induced Constipation 
Example(s) (% 
incidence) 


Bupropion4,5 (5—10%) 















Drug Class Level of Evidence* 


Antibiotics 

















Anticholinergic agents 
Antidepressants 
Duloxetine6,7 (5-15%) 
Fluoxetine8,9 (4-17.9%) 
Imipramine 10,11 (20%) 
Paroxetine4,11,12 (18-25%) 


> > > > > Pl Pl 
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Venlafaxine4,13 (15%) 
Antihypertensives Clonidine 14,15 (1-10%) 

Guanfacine17 (10-15%) 

Verapamill 8,19 (7.3-42%) 


Antineoplastic agents Abrraterone20 (23%) 


Ado-Trastuzumab21 (26.5%) 


Axatinib22 (20%) 
Bevacizumab23 (29-40%) 
Bicalutamide24-26 (22%) 
Decitabine27 (11%) 
Doxorubicin28 (41%) 
Temsirolimus29 (20%) 
Thalidomide30-31 (54%) 
Antipsychotics Aripiprazole32-34 (8-13%) 
Clozapine35,36 (14%) 
Olanzapine35,36 (S—15%) 
Quetiapmne37,38 (8—10%) 


Bile acid sequestrants Colesevelam39 (8.7—11%) 





Colestipol40 (10%) 


Bisphosphonates 
HMG-CoA reductase inhibitors 
Immunologic agents 


Iron preparations Various salts44,45 (15.6%) 
NSAIDs Ibuprofenl6 (19.4%) 
Opioids Codeine46-48 (10-21%) 


Fentanyl49,50 (8—26%) 
Hydrocodone48,51 (10-29%) 
Hydromorphone52 (29%) 


Methadone53 (20%) 





Morphine50,54,55 (5.1-57%) 


5-HT3 antagonists Alosetron56 (32%) 
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Granisetron57 (3—18%) 


Miscellaneous Ursodioll (9.7—26.4%) 


NSAID = nonsteroidal anti-inflammatory drug. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 





Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


MECHANISMS 


Chronic constipation is differentiated into five types and mechanisms vary with 
each type. Primary constipation disorders include normal transit constipation 
(NTC), slow transit constipation (STC), pelvic floor dysfunction or defecatory 
disorders, and combination disorders. Colonic motility disorders such as NTC or 
STC are associated with decreased function of the colon, although many of the 
changes that occur with STC cause or are a consequence of chronic constipation.*4 
Defecatory or pelvic floor disorders result from structural abnormalities within the 
colon or rectum.®”*> Drug-induced constipation, as well as mechanical obstruction 
and constipation due to systemic disease, are all considered secondary constipation 
disorders. Mechanisms of drug-induced constipation differ based on the implicated 
drug class. Opioid-induced constipation results in decreased gastrointestinal 
motility both through effects on the central nervous system and binding of opioid 
receptors in the intestines.8° In contrast, furosemide is thought to mediate 
constipation through simple dehydration.!© Common mechanisms for drug-induced 
constipation are listed in Table 37-2. !°82.5°:8¢ 


Table 37-2 Mechanisms of Drug-Induced Constipation 


Drug Mechanism 


Diuretics Decreased fluid secretion 


Drugs with anticholinergic properties (examples include | Parasympatholytic actions affecting innervation of 
antihistamines, antidepressants) many regions of the gastrointestinal tract 


Opioids and related compounds Inhibition of acetylcholine release from the central 
nervous system 
Prolongation of intestinal transient time (reduced 
peristalsis) 
Increased electrolyte and water reabsorption 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Bowel symptoms such as hard or infrequent stools or incomplete rectal evacuation 
constitute the syndrome of constipation. Patients and practitioners may describe 
constipation with additional symptoms such as the inability to defecate at will, 
excessive straining, bloating, and abdominal pain or distention.*8’ The Rome III 
symptom criteria for chronic constipation take into consideration the variety of 
symptoms with which patients may present. Symptoms must be present for at least 6 
months prior to diagnosis and two or more symptoms must occur in a quarter of 
defecation episodes in the past 3 months. Symptoms include straining, lumpy or 
hard stools, sensation of incomplete evacuation, feeling of anorectal obstruction, 
use of manual maneuvers to stimulate defecation, less than three bowel movements 
per week, and absence of loose stools with lack of diagnostic criteria for irritable 
bowel syndrome.®’ Signs and symptoms associated with drug-induced constipation 
are presented in Table 37-3.87°’ The onset of drug-induced constipation is highly 
variable. 


Differentiating between drug-induced constipation and other potential causes is 
important to the determination of appropriate treatment and/or methods of 
prevention.*° Table 37-4 lists conditions to consider in the differential diagnosis of 
drug-induced constipation. A detailed history including bowel habits and the onset 
of constipation with relation to any risk factors should be obtained from the patient. 
Patients should be encouraged to complete a stool diary and chart dietary habits 
and medications to help in the identification of any potential correlations. The 
medication history should document the patient’s use of prescription drugs, 
nonprescription drugs, and nutritional supplements. Also, a temporal relationship 
between changes in therapy and onset of symptoms should be carefully explored. 
Additive or synergistic effects of medications to which the patient has been 
exposed must be considered and ruled out as a possible cause of constipation. 
Assessment of the patient’s hydration status and mobility can help rule out other 
common causes of constipation. Psychosocial factors, changes in the home or office 
environment, other disease processes or comorbid conditions can also lead to 
constipation and should be assessed.®> 


Table 37-3 Signs and Symptoms Associated with Drug-Induced 


Constipation® 


* Abdominal pain 

¢ Anal or perianal pain 

¢ Anal prolapse/hemorrhoids 
¢ Anorexia 

* Bloating 
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* Cramping 

¢ Discomfort 

* Feeling of fullness 

* Hypoperistalsis 

* Ineffective straining 

* Infrequent bowel movements 

* Lack of bowel sounds 

* Local distention 

* Nausea/vomiting 

* No urge to defecate 

* Sense of incomplete evacuation 

* Sense of anal blockage/obstruction 
* Stools difficult to pass (small, hard, dry) 
* Weight loss 


aSevere abdominal pain, weight loss >10 Ib, hematochezia, positive fecal occult test, unexplained anemia or 


sudden change in stools constitute “Alarm Symptoms” and these patients should be referred immediately to a 
proper source of care. 


Table 37-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Constipation 


* Dehydration 

* Diabetes mellitus 

¢ Disorders of bowel structure/function 
¢ Diverticulitis 

* Hypercalcemia 

* Hypothyroidism 

* Irritable bowel syndrome 

* Ischemic bowel disease 

* Malignancy 

¢ Mechanical obstruction 

* Neuropathic diseases 

* Pregnancy 

* Psychiatric disease 

* Psychosocial/psychological disorders 


Severe abdominal pain, unintended weight loss (+10 lb), hematochezia, 
positive occult-blood test, unexplained anemia, sudden change in stools (e.g., 
changes in consistency, color, or appearance), a family history of colorectal cancer, 
or a combination of any of these, should be considered alarm symptoms and receive 
careful attention during the evaluation.** Gastrointestinal endoscopy or imaging via 
computerized tomography scan should be considered to help rule out malignancy in 
patients presenting with these symptoms. A rectal examination can help identify 
some anatomical complications (e.g., pelvic floor dysfunction) associated with 


constipation.*? 
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Table 37-5 Risk Factors for Drug-Induced Constipation 





Age (elderly) 

Concurrent medications which may provide an additive effect 
Dehydration 

Female sex 

Inactivity 

* Poor diet 

* Pregnancy 


RISK FACTORS 


Patient parameters and comorbid disease states that place patients at increased risk 
for constipation are listed in Table 37-5.°!*?88 Certain drugs are notorious for 
causing constipation (e.g., opioids).*® Opioid-induced constipation (OIC) is 
associated with longer durations of therapy and concurrent use of multiple 
opioids.*?" The incidence of drug-induced constipation may be increased in the 
elderly because of an associated decline in bowel function (e.g., decreased transit 
time).”! 


MORBIDITY AND MORTALITY 


Constipation drastically alters quality of life, affecting mood, mobility, work, 


recreation, and enjoyment of life.?*°* Constipation associated with opioid use has 
been reported in 40% and 60% of opioid users for noncancer and cancer pain, 


respectively.”>”© Severe constipation may result in small bowel obstruction, 
impaction, gastrointestinal perforation, and death. Chronic constipation has also 
been associated with an increased mortality and decreased quality of life.?”°* The 
advent of new and novel treatment options for constipation has led to an increased 
cost for treatment; however, up to 56% of patients remain unsatisfied with their 
treatment regimen.”° Reports suggest there are over 6 million ambulatory care visits 
amually due to constipation, leading to estimated direct costs of $1.6 billion.” 
Additionally, over $800 million is spent annually within the United States on over- 
the-counter treatment of constipation.'° In one 12-month analysis, OIC was 
associated with a 109% increase in overall healthcare costs.*° 


PREVENTION 


Techniques for decreasing the risk of drug-induced constipation are listed in Table 
37-6.?!101-103 Patients may decrease risk by staying active, maintaining a routine 


1562 


bowel habit schedule, drinking plenty of fluids, and eating a balanced, high-fiber 
diet. Healthcare providers may further decrease or prevent drug-induced 
constipation in their patients by adjusting doses of causative agents with respect to 
specific patient parameters, using the lowest possible effective dose of the drug to 
treat the patient, slowly escalating the doses of medications to allow for better 
tolerance, and using alternative medications with a lower risk of constipation. In 
patients beginning chronic opioid therapy, careful attention must be paid to the 
possibility of OIC. Initiation of a prophylactic bowel regimen, using a stimulant 
laxative alone or in combination, is appropriate in high-risk patients or those 
anticipated to receive long-term opioid therapy.?!!0!-!9? 


Table 37-6 Approaches to Help Prevent Drug-Induced 


Constipation 


¢ Adjust dosage to patient specific parameters (e.g., age, weight, renal/hepatic function) 
* Encourage activity (exercise, especially aerobic) 
¢ Encourage fluids and high-fiber diet (25—35 g/day of fiber for adults) 
* Encourage patients to avoid postponing defecation 
* Identify any intolerance already experienced to drugs 
¢ Maintain a routine bowel habit schedule 
Slowly escalate doses to allow for better patient tolerance 
* Use alternative medications with a lower risk of constipation 





MANAGEMENT 








Patients presenting with chronic constipation, severe pain, hematochezia, or fever 
should be evaluated for small-bowel obstruction, impaction, or gastrointestinal 
perforation.*’ Whenever possible and appropriate, the culprit drug should be 
discontinued and an alternative agent less likely to cause constipation 
substituted.?!!°! When that is not possible, lowering the dose of the drug may help 
relieve symptoms. Lifestyle modifications, including dietary changes (increasing 
consumption of fruits, vegetables, and other dietary sources of fiber), increasing 
fluid consumption, and increasing physical activity, can sometimes also be helpful. 
Removal of the offending agent and/or implementation of lifestyle changes may take 
weeks to relieve constipation. Providing thorough patient education and creating 
realistic patient expectations are keys to successful treatment of this drug-induced 
disease.”!!°! Discontinuation of agents inducing constipation is not always 
feasible, and patients may need to weigh the benefits of that agent (e.g., pain 
control) with the ongoing risk of persistent constipation and quality of life 
indicators. 
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Pharmacotherapy may be implemented if dietary and lifestyle modifications do 
not relieve the constipation.2.%!0!.!0+106 Table 37-7 lists possible agents for use 
and the corresponding mechanisms of action. Bulk-forming agents, emollient 
laxatives, osmotic laxatives, and saline laxatives modify the characteristics of stool 
to increase bulk, decrease consistency, or facilitate passage through the digestive 
tract and anus. Stimulant laxatives and chloride channel agonists accelerate transit 
time and facilitate evacuation of stool from the rectal vault. Agent selection should 
be carefully matched to the root drug cause of constipation and anticipated duration 
of therapy.20-96101,104-106 


Table 37-7 Drugs Used to Treat Drug-Induced Constipation 


Agent Mechanism of Action 


Emollient laxative Docusate sodium Soften stool 
Stimulate net intestinal secretion 
Surfactant properties 





Fiber, bulk-forming Methylcellulose Increase stool weight 
laxatives Calcium polycarbophil Modify stool consistency 
Psyllium 
Lubricant laxatives Facilitates transit by coating feces 
Miscellaneous Lubiprostone Increases intestinal fluid secretion via activation of the 


Prucalopride chloride channel 


Tegaserod Stimulates intestinal secretions and peristalsis through 
activation of the 5-HT4 receptor 


Nonselective opioid Naloxone Opioid receptor antagonist in the gastrointestinal tract 


antagonist Nalmefene Crosses the blood-brain barrier and may reverse 
opioid analgesic effects 


Osmotic laxatives Glycerin Attract and retain water in intestinal lumen 
Lactulose Increases intraluminal pressure 
Phosphate salts Exert an osmotic effect 
Polyethylene glycol Stimulate colonic motility (lactulose) 


PAMORA Alvimopan Antagonize opioid receptors in the gastrointestinal 
Methylnaltrexone tract. 
Naloxegol Do not cross the blood-brain barrier; do not reverse 
opioid analgesic effects. 


Saline laxative Magnesium salts Fluid osmotically drawn into small intestine; 
cholecystokinin-stimulated 


Stimulants Bisacodyl Stimulate intestinal motor activity 





Senna Stimulate net intestinal secretion 
Increase stool volume/weight 
Induces urge to defecate 
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5-HT4 = 5-hydroxytryptamine (4), PAMORA = peripheral acting mu-opoid receptor antagonist. 


Bulk-forming agents and osmotic laxatives are generally used first-line; 
however, stimulant laxatives may be used when patients do not respond adequately 
to bulk or osmotic laxatives given alone.”©!°!! Exaggerated concerns regarding 
stimulant laxative abuse have led to hesitation on the part of healthcare providers to 
use this class of laxatives. Caution should be exercised when a valid concern for 
abuse or misuse exists (e.g., anorexic patients). 


Peripheral acting mu-opioid receptor antagonists (PAMORA), developed 
specifically for the treatment of OIC, include alvimopan, methylnaltrexone, and 
naloxegol.?"°-!05 These agents work to target opioid receptors specific to the 
gastrointestinal tract, thus blocking the constipating effects of systemic opioids. 
This mechanism is more specific than that of naloxone or nalmefene, which reverse 
both peripheral and central opioid effects, thereby relieving symptoms of OIC but 
also potentially reversing the intended opioid analgesic effects.!°”!°* Lubiprostone 
is an additional agent used for OIC and is considered a PAMORA, although the 
mechanism is through chloride channel activation.!°? Axelopran and sustained- 
release naloxone are two new PAMORAs in clinical trials for OIC.!°? Successful 
bowel evacuation is reported to occur in up to 35% of patients receiving one of the 
newer PAMORA agents.”°! Flatulence and diarrhea are the most common adverse 
events with PAMORA, although abdominal pain can occur. Dosage forms and 
agent-specific safety concerns should be considered when evaluating treatment 
options. Methylnaltrexone, for example, is only available as a subcutaneous 
injection, making this agent less advantageous for routine outpatient use.” 
Alvimopan carries a U.S. Food and Drug Administration “black box warning” for 
risk of myocardial infarction and has restricted distribution requirements. !” 


INFORMATION FOR PATIENTS 


Fluids and a proper diet, including fiber consumption of at least 25 g/day, should be 
recommended for any patient at risk for drug-induced constipation. Patients should 
be instructed to maintain regular bowel habits and not to ignore the urge to 
defecate. Increased activity and exercise should be encouraged. Continued 
evaluation of the appropriateness of the offending medication is warranted and 
initiation of drug therapy treatment may be necessary if and when lifestyle and 
dietary measures do not resolve constipation. If symptoms of abdominal distention, 
severe pain, hematochezia, unintentional weight loss >10 pounds, or fever occur, 
the patient should notify a healthcare provider immediately for evaluation and 
assistance. 
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Note: The authors wish to acknowledge the work of Dr. Nayahmka McGriff-Lee, who authored this chapter in 
a previous edition. 
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CHAPTER 38 


Hepatic and Cholestatic Diseases 


Scott S. Malinowski and Daniel M. Riche 


The liver is the body’s most important organ in terms of metabolism and 
elimination of drugs and other chemical substances. The nature of these functions 
makes the liver inherently susceptible to toxicity from foreign substances 
(xenobiotics). In light of this and because of its many other critical functions, 
damage to the liver carries significant risk for morbidity and mortality. Hepatic and 
cholestatic (hepatocholestatic) injury is a well-documented result of many drugs 
taken or administered in excessive quantities but can also occur with some drugs at 
usual or even low therapeutic doses (idiosyncratic reactions). Although 
pharmaceutical agents are the focus of this chapter, herbal and natural products, 
illicit drugs, and other environmental chemicals are discussed where appropriate. 


CAUSATIVE AGENTS 


Over 1,100 chemical agents are associated with the potential to cause significant 
hepatocholestatic injury. Table 38-1 lists medicinal and illicit drugs, herbal 
products, and chemical agents implicated in drug-induced hepatocholestatic 
diseases.'#8 An excellent public domain online resource is the LiverTox Database 
(www.livertox.nih.gov), sponsored by the National Institute of Diabetes and 
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Digestive and Kidney Diseases and the National Library of Medicine. This 
searchable website provides up-to-date information on medications and dietary 
supplements associated with drug-induced liver disease.” 


The predominant pathologic pattern of injury serves as the basis for the 
categorization of the various types of drug-induced hepatocholestatic diseases. The 
categories of injury are hepatocellular (which is also called cytoxic and includes 
necrosis, apoptosis, and steatosis), cholestatic, vascular, and neoplastic. The 
pathophysiologies of these categories are discussed in further detail in the 
Mechanisms section of this chapter. Agents and classes of agents corresponding 
with each category are described in Table 38-2. !-!4.17-21.25,33.43,47,50-58 


EPIDEMIOLOGY 


As the availability and use of drugs and herbal remedies increase, so too does the 
risk and incidence of drug-induced hepatocholestatic disease. Hepatotoxicity is a 
common reason for withdrawal of drugs from the market and, due largely to the 
inability of premarketing trials to detect rare events, is usually discovered during 
postmarketing surveillance. Accurately determining the incidence of drug-induced 
liver injury has been problematic due to a number of factors, including unknown 
numbers of overall populations exposed, lack of simple objective diagnostic tests, 
difficulty in attributing causation to a single drug for people taking multiple 
medications, and a lack of systematic reporting.*4 


Table 38-1 Agents Implicated in Drug-Induced Hepatic and 
Cholestatic Diseases 






Level of 
Incidence Evidence* 


ANALGESICS/ANTI-INFLAMMATORY AGENTS 
Acetaminophen1-16 





Aspirin1-18 


Bromfenac 19 





Celecoxib15,16,20,21 
Diclofenac 1-16,22,23 0.001—0.005% 
Etodolac 1-16 


Ibuprofen1-16,20,21 


nw 


B 
C 
C 
C 
B 
C 
C 
C 


Indomethacin22 


nw 


Z| Z| Z Z| Z| Z| Z 
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Ketorolac22 

Leflunamide 1-16 
Naproxen20,21 

Nimesulide 1-16 
Oxaprozin1-16 
Phenylbutazone 1-14,20,21,24 
Piroxicam1-18 
Propoxyphene 1-14,17,18 
Propionic acid derivatives 1-18 
Sulindac 15,20,21,24 
Tolmetin1-18 


ANTIMICROBIAL AGENTS 
Amoxicillin25 


Ampicillinl-14,20-22,27,28 
Amoxicilln—clavulanate 1-14,20-22,26-28 
Amphotericin1-14,26-28 

Antimonial antiparasitics 1-14,17,18,27,28 
Azole antifungals 1-14,20-22,27,28 

Azole antiparasitics 1-14,27,28 
Carbapenems20,21,27,28 
Caspofungin1-14,27,28 

Ceftriaxone20,2 127,28 
Chloramphenicoll -14,20,21,27,28 
Chloroquine 1-14,17,18,27,28 
Clindamycin1-14,20,21,27,28 
Cloxacillin/nafcillin] -14,27,28 
Cotrimoxazole 1-14,17,18,20,21,27,28 
Dapsone1-14,20,21,27,28 
Erythromycin15,20,21,24 

Ethionamide 1-14,26-30 

Flucloxacillin3 1 


Flucytosine 1-14,20,21,27,28 


— 

N 

rs ae = Z| Zz Z Z/2/ 4| Z| Z| Z Z| Z Z Z 
A Al A A Al Al Al Al AL A Al A A A 


4.4% 


| 
nw 


Z| Z 
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0.003% 


0.0099—-0.017% 


0.2% 
5% 





<0.01% 


<1.3% 


0.0018—0.0036% 
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Fluoroquinolones | -14,23,27,28 
Fusidic acid20,21 
Griseofulvin20,21 
Hydroxychloroquine 1 - 14,22,27,28 
Isoniazid1-14,26-30 
NNRTIs1-14,17,18,23,26-29,32 
NRTIs1-15,20,21,23,30,32,35,45 
Nitrofurantoim1-14,20,21,27,28 
Pentamidine 1-14,27,28 

Protease inhibitors 1-14,17,18,29,23,26,27,28,32 
Pyrazinamide 1-14,26-30 
Ribavirin ,22 
Rifampin1-14,20,21,26-30 
Sulfonamides 1-14,20,21,27,28 
Telithromycin -14,27-29 
Terbinafine 1-14,17,18,24,25 
Tetracyclines 1-18,20,24,25 
Thiabendazole 17,18 


CARDIOVASCULAR AGENTS 
ACE mhibitors 1-15,20-22 


Ajmaline20,21 

Aprindine20,21 

Amiodarone 1-15,17,18,22,26,29 
Angiotensin-receptor blockers 1-15,20-22 
B-blockers 1-15,17,18,20,21 
Calcium-channel blockers 1-15,17,18,20,21 
Disopyramide15,20,21 

Hydralazine 1-15,20,21 

Loop diuretics 1-15 

Methyldopa 1-15,20,21 

Procainamide 15,20,21 


Propafenone 15,20,21 
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<0.1% 


Quinidine 1-15,20,21 
Spironolactone 1-15 


Thiazide diuretics 15,20,21 


CHEMOTHERAPEUTIC AGENTS 


Actinomycin1|-14 
Ammoglutethimide20,21 
Amsacrine 1-14,20,21 
Asparaginase 1-4,17,18 
BCNU/CCNU 1-14 
Bleomycinl-14 
Bortezomib29 
Busulfan|-14 
Capecitabine 1-14 
Carboplatin1-14 
Carmustine 1-14 
Chlorambucill-14 
Cisplatin1-14 
Cyclophosphamide 1-14 
Cyclosporine 1-14,20,21,26 
Cyproterone acetate1-14,22 
Cytarabine 1-14,20,21 
Dacarbazine |-14 
Daunorubicin1-14 
Doxorubicin1-14 
Etoposide 1-14 
Floxuridine20,21 
Fluorouracil29,33 
Flutamide 1-14,22,29 
Gemcitabine 1-14,20,21 
Hydroxyurea 1-14 
Interleukin-220,21 


Irinotecan33 


nw 
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Mercaptopurine 1 -14,20,21,23,29 
Mitomycin1-14,17,18 
Procarbazine 1-14 

Riluzole 1-14,17,18 
Streptozocin1-14 

Tamoxifen! 7,18,20-22,26 
Temozolomide29 

Teniposide 1-14 

Thalidomide22 

Thioguanine 1-14,22,26 
Thiotepa 1-14 

Topotecan1-14 

Toremifene 1-14 

Tyrosine kinase inhibitors29,34 
Vinca alkaloids 1-14 


ENDOCRINE AGENTS 
Alendronate29 


Androgens20,21 
Carbimazole22 
Corticosteroids 17,18 
Cyclofenill-14 
Danazoll-14 
Estrogens25,31 
Fenofibrate 1-15,22,26,35 
Gemfibrozil22 
Levothyroxine29 
Lomitapide33 
Metformin1-15,20,21,35 
Methimazole20,21 
Mipomersen33 
Niacin1-15,22,29,35 


Orlistat1-15 
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Propylthiouracill- 15,26 

Repaglinide 1-15 

Sex steroids 17,18,20,21 

Sibutramine26 

Statins 1-15,20,21,23,27,35,36 
Sulfonylureas 1-15,20,21,35 
Thiazolidinediones 1-15,22-24,26,29,35,37 
Voglibose20,21 


ENVIRONMENTAL CHEMICALS 
A flatoxin1-14,20,21 


Allyl compounds 1-14 
Amanitin17,18 

Aniline derivatives20,21 
Arsenicals20,21 
Berylltum1-14 

Carbon tetrachloride 1-14,17,18 
Chloroform17,18 
Chromium17,18 

Cycad nut 1-14 
Dichloroethylate 17,18 
Dimethylacetaminde 1-14 
Dimethylformamide I-14 
Dioxane1-14 

Ethionine 117,18 


Ethyl bromide/chloride, methyl 
bromide/chloride/dichloride 117,18 


Hexachlorethane22 
Nitroaliphatic compounds 1-14 
Nitroaromatic compounds 1-14 
Orotic acid17,18 
Paraquat20,21 


Phosphorus 1-4,17,18 
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Selenium17,18 

Tannic acid17,18 
Tetrachloroethylene/trichloroethylene 17,18 
Tripelennamine20,21 

Uranium17,18 

Urethane 1-14 

Vinyl chloride 1-14 


GASTROINTESTINAL AGENTS 
Alverine 1-14 


Histamine 7 teceptor antagonists | -14,20-22 


Mesalamine20,21 

Octreotide 1-14 

pa rq-aminosalicylic acid1-14 
Proton pump inhibitors 1-14,26 
Sulfasalazine 1-14 


GENERAL ANESTHETICS 
Desflurane26,29 


Enflurane 1-14 

Halothane 1-14,61 
Isoflurane 1-14,22 
Sevoflurane26,29 


HERBAL AGENTS 
Aloe vera29 


B-carotene20,21 

Black cohosh1-14,21,22,26,38-41 
Cade oil26 

Camellia senesis* 
Camphor 1-14,17,18,38-41 

Carp capsules (cyprinol)1-14,22,38-41 
Cascara sagrada20,21 

Celandine20,21 


Chaparral leaf1-14,20,21,38-41 
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Chaso1-14,38-41 
Colpachi29 
Comfrey38-41 
Garlic22 
Garcinia cambo iat? 


Germander1-14,38-41 

Glue thistle (4 tractylis gummifera) 4,43 
Gordoloba tea38-41 

Impila 1-14,38-41 

Ju bu huan1-14,20,21,38-41 

Kava 1-14,38-41 

Lantana camara”? 
Linghzi20,21 
Lipokinetix1-14,38-41 
Ma huang1-14,38-41 
Margosa oill 7,18,26 


Mediterranean glue thistle 1-14,38-41 





Mistletoe 1-14,38-41 

Noni juice22,26 

Oil of cloves 1-14,38-41 
Pennyroyal oill-14,38-41 
Prostatal-14,38-41 
Sairei-to29 
Sassafras38-41 

Saw palmetto34 
Senna23,26,34 

Shark cartilage 1-14,38-41 
Shen-min22 
Sho-saiko-tol-14,17,18,20,21,38-41 
Skull cap38-41 

29 


Teucrium polium 


Usnic acid42 
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Valerian root1-14,38-41 
Venencapsan17,18 


ILLICIT AGENTS 
Amphetamines (including MDMA)1-14 


Cocaine 1-14,17,18 
Mushroom poisoning 1-14 
Phencyclidine 1-14 


NEUROPSYCHIATRIC AGENTS 
Amantadine 17,18 


Barbiturates20,21 
Benzodiazepines 1-14 
Carbamazepine 1-14,20,21 
Chlormethiazole 1-14 
Chlopromazine 17,18,20,21 
Clozapine 1-14,20,21 
Dantrolene1-14 
Disulfiraml -14,22 
Duloxetine22 

Felbamate 1-14 
Fluphenazine20,21 
Gabapentin20,21 
Haloperidol20,21 
Lamotrigine 1-14 
Loxapine20,21 
Monoamine oxidase inhibitors 1-14,44-46 
Methylphenidate 1-14 
Molindone20,21 
Nefazodone 1-14,29,44-46 
Olanzapine 1-14,22 
Pemoline 1-14 
Phenytoin1-14,20-22 


Prochlorperazine20,21 








QO; a; a] a 


Z| 2 
Al A 


Z 
nw 


Z| Z2| Z Z Z| Z 


Z 
nw 
QO} BY] aATaI}ralrar;ray;yrayarararayayoayayay BW] By] a; ay wy}ayaya 


0.03% 


1% 
0.001% 
0.5% 


Z 





0.03% 


aw 


— 
= 
Z Z| Z 


Promazine20,21 
Riluzole 17,18 
Risperidone20,21 


Selective serotonin reuptake inhibitors 1- 
14,20,21,23,29,44-46 
Tacrine1-14,17,18 


Thioridazine 17,18,20,21 

Tolcapone 1-14,29 

Topiramate 1-14,22 

Trazodone 1-14,20,21,44-46 

Tricyclic antidepressants 17,18,20,21,44-46 
Valproic acid1-14,17,18,22,23 


Venlafaxine 1-14,22,44-46 
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2-25% 





1% 


nw 


Z 
nw 


Z Z| Z| Z| Z Z| Z| Z| Z 
Q]} SB} a} ay a] we] a] > 


TUMOR NECROSIS FACTOR o-ANTAGONISTS 


Adalimumab25,34,47 
Etanercept25,34,47 
Infliximab25,34,47 


OTHERS 
Allopurmnol20,21 


Azathioprine20,21 
Bosentan1-14,26 
Cetirizine23 
Chlorpheniramine 17,18 
Clopidogrell-15,22,23,26 
Colchicine23 

Cyclizine 17,18 
Cyproheptadine20,21 
Ethanoll7,18 

Etretinate 1-14 
Fenfluramine 17,18 
Ferrous salts 1-14 


Gold20,21 
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Interferon1-14,22 





Loratadine 1-14 C 
Methotrexate 17,18 NK C 
Montelukast1-14,48 NK C 
Parenteral lipid17,18 NK B 
Penicillamine20,21 NK C 
Pentoxifylline 1-15 C 
Probenecid1-14 NK C 
Ritodrine 1-14 NK C 
Sirolimus 23,26 NK C 
Tacrolimus20,21 C 
Terbutaline 1-14 C 
Terfenadine20,21 NK C 
Ticlopidine 17,18,20,21,29 NK C 
Tiopronin20,21 NK C 
Trimethobenzamide20,21 C 
Vitamin A17,18 NK B 
Warfarin! 7,18,26 NK C 
Zafirlukast1-14,48 NK C 


ACE = angiotensin-converting enzyme, BCNU = bischloroethylnitrosourea, CCNU = 1-(2-chloroethyl)-3- 
cyclohexyl 1-nitrosourea, MDMA = 3,4-methylenedioxymethamphetamine, NNRTIs = nonnucleoside reverse- 
transcriptase inhibitors, NRTI = nucleoside reverse-transcriptase inhibitor, NK = not known. 

aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


The incidence of drug-induced liver injury (excluding acetaminophen toxicity) 
has been estimated at 19.1 cases per 100,000 inhabitants per year in a population- 
based cohort in Iceland. In this population, the injury was caused by a single drug 
in 75% of the cases (most commonly amoxicillin-clavulanate) and attributed to 
multiple agents in 9% of cases. Dietary supplements accounted for 16% of all cases 
of drug-induced hepatic disease. The age-standardized incidence in this population 
increased dramatically with increasing age.° These incidences are likely similar in 
other populations of European descent. 


Hepatotoxicity accounts for approximately 6% of all reported adverse drug 
reactions, and drug-induced liver injury is responsible for 13% of cases of acute 
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liver failure not caused by acetaminophen toxicity.°”°” Acetaminophen has been 
implicated in 39-51% of cases of acute liver failure, and remains a common reason 
for liver transplantation.°7-©? 

Ten percent of cases of acute hepatitis are related to drug toxicity. In patients 
>50 years of age, 40% of cases of hepatotoxicity are due to medicinal agents. With 
idiosyncratic drug-induced hepatotoxicity, an individual’s particular susceptibility 
is influenced by both acquired and genetic factors. The risk of hepatotoxicity from 


drugs ranges from 1 in 10,000 to 1 in 100,000 persons exposed.*” 


Table 38-2 Mechanisms of Drug-Induced Hepatic and 
Cholestatic Diseases 


Predominant 
Injury Agents or Class of Agents 
HEPATOCELLULARI-14,17,18,25,47,50-54 








Cytotoxic ACE mnhibitors (primarily captopril, enalapril, lisinopril), acetaminophen, 
actinomycin, adalimumab, aflatoxin (found in foods such as nuts), afluzosin, 
alendronate, allyl compounds, aloe vera, alverine, amiodarone, amoxicillm, 
ampicillin, amphetamines (including MDMA), amphotericin (primarily lipid-based), 
amsacrine, angiotensin-receptor blockers (primarily irbesartan, losartan), azole 
antifungals (primarily ketoconazole), azole antiparasitics (albendazole, mebendazole, 
ornidazole), 8 blockers (primarily propranolol, metoprolol, acebutalol, labetolol), 
BCNU/CCNU, benzodiazepines, beryllium, black cohosh, bleomycin, bortezomib, 
bosentan, cade oil, camphor, capecitabine, carbamazepine, carboplatin, carmustine, 
carp capsules (cyprinol), caspofungin, calctum channel blockers, carbon 
tetrachloride, cetirizine, chaparral leaf, chaso, chlorambucil, chloramphenicol, 
chlormethiazole, cisplatin, clindamycin, cloxacillin/nafcillin, clopidogrel, clozapine, 
cocaine, colchicine, colpachi, cotrimoxazole, cycad nut, cyclofenil, 
cyclophosphamide, cyclosporine, cyproterone acetate, cytarabine, dacarbazine, 
danazol, dantrolene, dapsone, desflurane, diclofenac, daunorubicin, 
dimethylacetaminde, dioxane, disulfiram, doxorubicin, duloxetine, enflurane, 
ertotinib, etanercept, ethionamide, etodolac, etoposide, etretinate, felbamate, 
fenofibrate, ferrous salts, flutamide, fluoroquinolones (primarily ciprofloxacin, 
trovafloxacin), flucytosine, fluorouracil, garlic, gemcitabine, germander, halothane, 
hexachloroethane, histamine-receptor antagonists, hydralazine, 
hydroxychloroquine, hydroxyurea, ibuprofen, imatinib mesylate, indomethacin, 
infliximab, interferons, isoflurane, isoniazid, jin bu huan (tetrahydropalmatine), kava, 
lamotrigine, lantana camara, leflunamide, lipokinetix, loop diuretics (primarily 
furosemide), loratadine, ma huang, monoamine oxidase inhibitors, Mediterranean 
glue thistle, mercaptopurine, metformin, methyldopa, methylphenidate, minocycline, 
mistletoe, mitomycin, montelukast, mushroom poisoning, nefazodone, niacin, 
nimesulide, nitroaliphatic compounds, nitroaromatic compounds, NNRTIs (primarily 
nevirapine, abacavir), noni, NRTIs (primarily zidovudine, didanosine, stavudine), 
nitrofurantom, octreotide, oil of cloves, olanzapine, orlistat, oxaprozin, para- 
aminosalicylic acid, pemoline, pennyroyal oil, pentamidine, pentoxifylline, 
phencyclidine, phenylbutazone, phenytoin, phosphorus, piroxicam, proton pump 
inhibitors (primarily omeprazole, rabeprazole), probenecid, procarbazine, propionic 
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acid derivatives (bromfenac, fenoprofen, ketoprofen), propylthiouracil, protease 
inhibitors (primarily ritonavir, indinavir), pyrazinamide, quinidine, repaglinide, 
rifampin, riluzole, ritodrine, saireito, senna fruit, sevoflurane, shark cartilage, shen- 
min, sho-saiko-to, sirolimus, spironolactone, SSRIs (primarily fluoxetine, 
fluvoxamine, sertraline), statins (primarily atorvastatin and simvastatin), 
streptozocin, sulfasalazine, sulfonamides, sulfonylureas (primarily acetohexamide, 
gemfibrozil, gliclazide), tacrine, telithromycin, temozolomide, teniposide, terbinafine, 
terbutaline, teucrium polium, thalidomide, thiazolidinediones (primarily pioglitazone, 
rosiglitazone, troglitazone), thioguanine, thiotepa, tienilic acid, toleapone, topiramate, 
topotecan, trazodone, urethane, valerian root, valproic acid, venlafaxine, vinca 
alkoloids, zafirlukast 





STEATOSIS1-3,17,18,33,55 


Microvesicular 


Macrovesicular 


Phospholipidosis 


Aflatoxin (a contammant produced by molds), aminosalicylates, amiodarone, 
antimony antiparasitics, asparaginase, aspirin, camphor, cocaine, didanosine, 
diltiazem, dimethylformamide, ibuprofen, margosa oil, naproxen, NNRTIs, NRTIs, 
piroxicam, protease inhibitors (primarily ritonavir and indinavir), riluzole, selenium, 
sho-saiko-to, tetrabamate, tolmetin, tetracyclnes (primarily minocycline), ticlopidine, 
valproic acid, venencapsan, vinyl chloride, vitamin A, zidovudine 


Alcohol, amanitin, amiodarone, asparaginase, calctum-channel blockers, carbon 
tetrachloride, chloroform, chromium, corticosteroids, dichloroethylate, estrogens, 
ethanol, ethionine, ethyl bromide/chloride, fluorouracil, glucocorticoids, 
methotrexate, methyl bromide/chloride/dichloride, mitomycin, orotic acid, parenteral 
lipid, phosphorus, sex steroids, tamoxifen, tannic acid, 
tetrachloroethylene/trichloroethylene, toremifene, uranium, warfarin, zidovudine 


Amantadine, amiodarone, chloroquine, chlorpheneramine, chlorpromazine, 
cotrimoxazole, cyclizine, fenfluramine, perhexiline maleate, propranolol, sex 
steroids, tacrine, TCAs, thioridazine, tripelennamine 


CHOLESTASIS20,21,56-58 


Pure cholestasis 


Canalicular 


Hepatocanalicular 


Anabolic steroids, azathioprine, cyclosporine, cytarabine, fosinopril, infliximab, 
mercaptopurine, sex steroids, tamoxifen 


ACE mnhibitors (primarily captopril), allopurinol, aminoglutethimide, amoxicillin— 
clavulanate, anabolic steroids, aniline derivatives, arsenicals, atenolol, azathioprine, 
barbiturates, carbamazepine, carbapenems, carbimazole, ceftriaxone, 
chloramphenicol, chlorpropamide, citalopram, clindamycin, cotrimoxazole, 
cyclosporine, cyproheptadine, cytarabine, diltiazem, disopyramide, flucytosine, 
fusidic acid, glibenclamide, glipizide, glyburide, gold compounds, griseofulvin, 
haloperidol, histamine7-receptor antagonists, hydralazine, irbesartan, ketorolac, 
methyldopa, naproxen, penicillamine, phenytomn, propafenone, propoxyphene, 
rifampin, risperidone, sex steroids, sho-saiko-to, sulindac, tacrolimus, tricyclic 
antidepressants, terfenadine, thiazide diuretics, ticlopidine, trazodone, 
trimethobenzamide, tripelennammne, voglibose 


ACE inhibitors, acetohexamide, amsacrine, azathioprine, b-carotene, 
carbamazepine, carbimazole, cephalosporins, cascara sagrada, celandine, cetirizine, 
chaparral leaf, chlorpromazine, clozapine, dapsone, erythromycins (primarily 
estolate salt), floxuridine, fluphenazine, gabapentin, gemcitabine, gemfibrozil, 
glimepiride, infliximab, interleukin-2, jin bu huan, linhgzi, loxapine, mercaptopurine, 
metformin, methimazole, methyldopa, molindone, nitrofurantoin, phenylbutazone, 
phenytoin, procainamide, prochlorperazine, promazine, quinidine, risperidone, 
sertraline, statins (primarily cerivastatin, pravastatin), thioridazine, tolazamide, 
tolbutamide 
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Cholangiodestructive Ajmaline, amoxicillin—clavulanate, aprindine, azathioprine, barbiturates, 
chlorpromazine, chlorpropamide, cimetidine, clindamycin, cotrimoxazole, CO X-2 
inhibitors (primarily celecoxib), cyproheptadine, flucloxacillin, fluoroquinolones, 
glibenclamide, glyburide, gold compounds, ibuprofen, mesalamine, nitrofurantom, 
paraquot, penicillamine, phenytoin, prochlorperazine, semisynthetic penicillins, sex 
steroids, sulfonamides, tricyclic antidepressants (primarily amitriptyline, 
imipramine), terbinafine, tetracycline, thiabendazole, thiazide diuretics, ticlopidine, 
tiopronin, tolazamide, tolbutamide 


VASCULARI-14,19,43,50-54 





Hepatic vein thrombosis _| Contraceptive hormones, comfrey, dacarbazine, gordolobo tea, parenteral lipid 


Sinusoidal obstruction Actinomycin, arsenic, azathioprine, busulfan, carmustine, comfrey, 

syndrome (veno-occlusive |cyclophosphamide, cytarabine, dacarbazine, daunorubicin, floxuridine, gordolobo 

disease) tea, insecticides, mitomycin, nitrosoureas, oxaliplatin, pyrrolizidine alkaloids, 
skullcap, thioguanine, thorium dioxide, trovafloxacin, urethane, vinca alkaloids, vinyl 
chloride 

Peliosis hepatis Anabolic steroids, arsenicals, azathioprine, sex steroids, tamoxifen, thioguanine, 
vitamin A 


NEOPLASM 1-3,50-52 


Benign (adenoma) Anabolic steroids, antineoplastic agents, octreotide, sex steroids, sassafras 





Malignant Anabolic steroids, sex steroids, vinyl chloride (carcinoma) 


ACE = angiotensin-converting enzyme, BCNU = bischloroethylnitrosourea, CCNU = 1-(2-chloroethyl)-3- 
cyclohexyl-1-nitrosourea, COX-2 = cyclooxygenase-2 inhibitor, MDMA = 3,4- 
methylenedioxymethamphetamine, NNRTI = nonnucleoside reverse-transcriptase inhibitor, NRTI = nucleoside 
reverse-transcriptase inhibitor, SSRI = selective serotonin-reuptake inhibitor. 


MECHANISMS 


Drug-induced liver injury occurs with a wide range of dosages and lengths of 
exposure. Resultant injuries may involve one or a combination of the pathologic 
categories (e.g., a patient can suffer from both hepatocellular and cholestatic 
disease at the same time). The wide variety of pathological manifestations are a 
function of the mechanism of hepatotoxicity, the drug itself, amount and duration of 
exposure, and the inherent susceptibility of the individual taking the drug.*” 


Toxicity from drugs or their metabolites that cause direct damage to cellular 
components and biochemical processes or elicit immune responses is_ the 
foundation for the pathogenesis of the drug-induced liver diseases. The resultant 
damage and cell death ultimately lead to the clinical manifestation of hepatitis. 
Injuries are typically categorized by their predominant mechanism: hepatocellular 
or cytotoxic injury, cholestasis, vascular injury, or neoplasms (Table 38-2).!"!4!7 
21,25,33,43,47,50-58 Drugs can cause more than one type of injury, either concurrently or 
at different points in time. 


HEPATOCELLULAR INJURY 
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Acetaminophen and methotrexate are the most common examples of drugs known to 
cause direct hepatotoxicity. This injury results from either metabolic derangements 
or a triggering of an immune response, or, 1n some cases and to varying degrees, a 
combination of these. Metabolic injury is typically caused by covalent binding of 
the drug or its metabolite to intracellular proteins, the mutation of lipid 
peroxidation by free radicals, the depletion of protective substances such as 
glutathione, or the loss of ionic gradients and ion homeostasis (particularly 
calcium). Damage to intracellular structures, organelles, and nuclear DNA can lead 
to necrosis. Mitochondrial damage and the resultant inability to synthesize ATP can 
be particularly devastating. The downstream production of reactive oxygen species 
and free radicals that cause significant oxidative stress by overwhelming 
antioxidants and other host cell defense mechanisms influence much of this 
pathogenesis. The subsequent structural and functional damage leads to actin 
disruption, cell swelling and rupture, and, eventually, cell death. ! 


Acetaminophen is responsible for 39-51% of all acute liver failure cases.” It 


is predominantly metabolized by glucuronidation and sulfation, with approximately 
10% being converted to the reactive metabolite N-acetyl-p-benzoquinone imine 
(NAPQI) via the CYP enzyme system. NAPQI is responsible for acetaminophen- 
associated hepatotoxicity. This metabolite is formed by CYP2E]1 through a direct 
two-electron oxidation of acetaminophen and is rapidly detoxified by glutathione 
when acetaminophen is ingested in typical therapeutic amounts.®> Glutathione is an 
antioxidant that protects important cellular components from damage caused by 
reactive oxygen species such as free radicals. When too much acetaminophen is 
ingested (e.g., from intentional or unintentional overdose), the sulfation and 
glucuronidation pathway becomes saturated, resulting in a shunting to the CYP 
system and the production of large amounts of NAPQI, which binds and depletes 
liver reserves of glutathione.°© NAPQI is toxic to cellular components if not 
detoxified by conjugation with glutathione. NAPQI reacts with protein sulfhydryl 
groups in the hepatocyte mitochondria. Resultant mitochondrial damage includes 
collapse of the membrane potential (mediated by triggering the opening of the 
mitochondrial permeability transition pore), release of endonuclease G and 
apoptosis-inducing factor (both of which translocate to the cell nucleus and cause 
extensive DNA fragmentation), and inhibition of ATP synthesis.°™° 


Mitochondrial oxidative stress from NAPQI results in the production of 
superoxide anion and subsequently peroxynitrite (both of which are deleterious to 
many intracellular components, particularly DNA and proteins). Peroxynitrite can 
also inactivate superoxide dismutase 2 (a process normally blocked by 
glutathione). These processes lead to further production of reactive oxygen species 
which in turn activates the redox-sensitive mitogen-activated protein kinase c-Jun 
N-terminal kinase 1/2, which translocates into the mitochondria, thereby creating an 
amplification loop that further increases mitochondrial oxidative stress. 
Translocation of mitochondrial proteins such as apoptosis-inducing factor and 
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endonuclease G into the nucleus results in DNA fragmentation and oncotic 
necrosis.° Recent research has described the role of additional kinases such as 
receptor-interacting protein kinases 1 and 3 in promoting hepatocellular 
mitochondrial fission and oxidant stress.°° The combination of mitochondrial 
damage and nuclear disintegration ultimately leads to widespread hepatocellular 
necrosis. In fact, all signaling pathways ultimately result in cellular necrosis.” 
Apoptosis is no longer considered to be a relevant mechanism of acetaminophen- 
associated hepatotoxicity.© Further investigation is needed to determine the role of 
inflammatory mediators, the innate immune system, Kupffer cells, non-Kupffer 
cells, neutrophils, and macrophages in the development and propagation of 
hepatocellular injury related to acetaminophen overdose.™ 


Immune-mediated hepatotoxicity is another form of direct liver injury but 
compared with the dose-dependent cytotoxicity tends to be idiosyncratic in nature. 
Idiosyncratic drug-induced liver disease is most commonly immune-mediated. The 
inherently unpredictable nature of idiosyncratic reactions poses a particular 
challenge to the clinician. Largely related to individual susceptibility, these 
reactions vary widely in latency, presentation, and course. This form of drug- 
induced liver injury involves sensitization of hepatocytes to cytokines by way of 
haptenization (covalent binding of the drug or metabolite to a cellular protein). This 
promotes the formation of antigen-recognizing helper and cytotoxic T cells via the 
major histocompatibility complex type IL. Interaction with major histocompatibility 
complex type I leads to activation of humoral and cellular immune responses. 
Damage to hepatocytes leads to cell destruction and apoptosis. 


Examples of identified antibodies include antiliver/kidney microsomal antibody 
that specifically targets CYP2C9 of the liver and kidney; antiliver microsomal 
antibody (e.g., as induced by carbamazepine) that targets CYP1A2, an isoenzyme 
not found in the kidney; antimitochondrial antibody (e.g., as induced by isoniazid); 
antimicrosomal epoxide hydrolase (e.g., as induced by germander); anti-CYP 1A2 
(e.g., as induced by hydralazine); and anti-C YP 2E]1 (e.g., as induced by halothane). 
The inflammatory reaction is mediated by inflammatory cytokines, including 
interleukin-1, tumor necrosis factor (TNF), nitric oxide, and interferon. °°0>40-” 


Hepatic steatosis is histologically defined as a deposition of triglycerides 
within the hepatocyte. Intrahepatocyte triglycerides are the product of glycerol and 
free fatty acid metabolism, and inappropriate accumulation is usually due to 
increased uptake from peripheral tissue or dietary sources, increased de novo 
lipogenesis within the hepatocyte, reduced utilization (f-oxidation), or reduced 
elimination (export of triglyceride in the form of very-low-density lipoprotein 
[ VLDL]). Steatohepatitis is steatosis accompanied by inflammation and hepatocyte 
injury (ballooning), with or without fibrosis.>>-’* 


Drug-induced steatosis is further categorized by the predominant steatotic 
feature: macrovesicular steatosis (peripheral displacement of the cell nucleus), 
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microvesicular steatosis, and steatohepatitis.” Some drugs (e.g., tamoxifen and 
amiodarone) can accumulate in the mitochondria of hepatocytes. This accumulation 
can interfere with the mitochondrial electron transport chain and f-oxidation. 
Blocking the flow of electrons through the electron transport chain leads to an 
accumulation of electrons that can directly interact with oxygen to promote the 
formation of reactive oxygen species. This, along with ATP depletion and 
inflammation, ultimately result in cellular necrosis.°> Other medications (e.g., 
troglitazone and salicylate) inhibit the entry of long-chain fatty acids into the 
mitochondrial matrix, leading to their accumulation in the cytosol and subsequent 
conversion (esterification) into triglycerides. This by itself can lead to triglyceride 
accumulation within the hepatocyte, while other drugs (e.g., tetracycline) inhibit the 
export and transport of triglycerides as VLDL.°° 


If the drug-induced steatosis does not progress to steatohepatitis or cirrhosis, it 
is generally reversible. Some individuals may be more susceptible to drug-induced 
hepatic steatosis due to risk factors (e.g., obesity and metabolic syndrome), 
comorbidities, or genetic predisposition. Steatosis may increase the liver’s 
vulnerability to injury, particularly from other drugs known to interfere with 
mitochondrial function. Because steatosis associated with nonalcoholic fatty liver 
disease is becoming increasingly prevalent in Western populations, there is concern 
that consumption of drugs with the potential for inducing steatosis could increase 
risk for progression to steatohepatitis. A steatotic liver may also lead to impairment 
of CYP enzymatic function and altered metabolism of substrates.**> 


Other mechanisms that appear to play a role in drug-induced hepatic steatosis 
and are being investigated include increased expression levels of fatty acid 
translocase via increased peroxisome proliferator-activated receptor alpha, 
increased expression of sterol regulatory element-binding protein-lc, and 
decreased adenosine monophosphate-activated protein kinase.*» 


CHOLESTATIC INJURY 


Cholestasis is defined clinically as stagnant bile or the failure of bile to reach the 
small intestine and is the result of impaired bile acid secretion by hepatocytes or 
obstruction of bile flow through intra- or extrahepatic bile ducts.*! Drug-induced 
hepatocholestasis tends to be an idiosyncratic reaction and is classified as either 
acute or chronic. Acute hepatocholestasis is more common and occurs primarily as 
a result of alterations in bile secretion into the canaliculus. This can occur either 
with hepatocellular injury and inflammation or without (known as_ bland 
cholestasis). Injury to the hepatocyte is caused by an accumulation of bile acids 
within the cell causing mitochondrial damage and ultimately resulting in apoptosis 
and necrosis.’° After some drugs (e.g., cyclosporine) are detoxified via Phase 1 
and II reactions in the hepatocyte, their metabolites are transported (effluxed) into 
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hepatic canaliculi for biliary excretion. Canalicular transporters, known as 
multidrug-resistance proteins, facilitate the efflux of bile acids from the hepatocyte 
into the canaliculus. Drugs and metabolites that induce hepatocholestasis by 
disrupting bile acid homeostasis typically do so via inhibition of bile acid transport 
across the canalicular membrane (the rate-limiting step in bile formation). This 
disruption occurs either through the direct inhibition of transport proteins, 
indirectly, through internalization and degradation of the transporter protein, or 
through altered gene expression for these proteins. The bile salt export pump 
(BSEP) is thought to be the most common transporter inhibited by drugs that induce 
hepatocholestasis, particularly in individuals with the V444A polymorphism of 
BSEP.*! 


Chronic hepatocholestasis is a result of direct injury to the bile ducts or 
ductules (vanishing bile duct syndrome) and can occur more than 6 months after the 
initial cholestatic insult. It can also appear as sclerosing cholangitis. Direct injury 
to bile ductular cells is a result of exposure to the offending drug or metabolite 
during canalicular excretion, either by direct toxic effects or immune sensitizing 


effects. !0 


VASCULAR INJURY 


Certain drugs (particularly antineoplastics) can cause injury to hepatic stellate cells 
and endothelial cells lining the hepatic sinusoids. This results in endothelial 
swelling and thrombosis within the small hepatic venules, leading to venous 
outflow obstruction (due to luminal occlusion), sinusoidal dilatation, congestion, 
hepatocellular necrosis, and possibly centrilobular fibrosis. This condition is 
known as sinusoidal obstruction syndrome, or veno-occlusive disease. Other drugs 
can cause the development of peliosis hepatis, in which the hepatic parenchyma 
develops multiple blood-filled cavities without an endothelial lining. This is 
hypothesized to result from either sinusoidal endothelial cell injury, increased 
sinusoidal pressure due to blood outflow obstruction, or hepatocellular necrosis. 
Rupture of these blood-filled cavities can result in severe peritoneal hemorrhage.** 


A rare drug-induced vascular abnormality is hepatic vein thrombosis, which 
occludes the hepatic vein and presents clinically as Budd—Chiari syndrome. Injury 
to endothelial cells of both sinusoids and small hepatic venules activates the 
coagulation cascade and formation of a thrombus. This thrombosis then occludes 
the hepatic vein, leading to increased portal vein and hepatic sinusoid pressures 
and the formation of ascites and esophageal varices.**-” 


NEOPLASTIC INJURY 


Neoplastic lesions of the liver such as focal nodular hyperplasia, hepatocellular 
adenoma, hepatocellular carcinoma, and angiosarcoma have been linked to several 
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drugs. Most neoplasms are benign and are typically associated with prolonged 
exposure. The pathologic mechanisms explaining drug-induced liver neoplasms 
have not been fully elucidated, but are likely related to alterations in DNA.**:”8 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


There are no standard diagnostic criteria for drug-induced liver injury, and a 
diagnosis is typically one of exclusion. Diagnosis is a challenge due to lack of 
standardized diagnostic criteria, broad heterogeneity of clinical presentation, 
delays in patient presentation, and difficulty in determining a specific culprit in 
cases of polypharmacy. The diagnosis of drug-induced liver injury is often based 
on clinical suspicion and how well the symptoms and signs correlate with 
information from similar case reports. This emphasizes the importance of obtaining 
a thorough medication history including use of prescription and nonprescription 
drugs as well as exposure to recreational drugs, dietary supplements, herbal and 
natural products, alternative and complimentary therapies, chemicals, and toxins. 
Integrating the exposure history, the dose and duration of use of the suspected agent, 
presenting signs and symptoms, and pathologic and histologic patterns is paramount 
in formulating a diagnosis. 

To assist with the diagnostic differentiation between the major types of drug- 
induced liver disease, a method using biochemical patterns has been described. It 
determines the ratio of alanine aminotransferase (ALT) to alkaline phosphatase 
(ALP) relative to their respective upper limits of normal (ULN). The R (ratio) 
value is calculated according to the formula R = ALT/ULN + ALP/ULN. An R 
value >5 indicates hepatocellular liver injury, and a value <2 indicates cholestatic 
injury. Values between 2 and 5 characterize the mixed form of drug-induced liver 
injury.*!,/?-°! Table 38-3 presents the typical biochemical patterns observed with 
each mechanistic category of drug-induced liver disease. !-!4:!7.18.2156.82-86 
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Table 38-3 Patterns of Biochemical Features of Acute Hepatocholestatic Injuries as Fold 
Deviations from Baseline 


ALT/ULN + 
ALP/ULN 
Pathologic Injury (R value) 


CYTOTOXIC! 14, 87,18, 82°86 


Necrosis/apoptosis 

















1-10x | Normal 


Steatosis 





>5 Normal 


Normal 


Microvesicular 
Macrovesicular Variable 


CHOLESTASIS?"**#?*¢ 


Pure cholestasis 3-20x 


Canalicular 


3-20x 1-4x 
+ 
Hepatocanalicular 3-20x 10-100x 
Cholangiodestructive | 3-10x | 3-10x 


Vascular’ '** 5 5 5 2-100x 2-100x | Variable, but | 2-100x 
often 25 


NEOPLASM!" 2-10x 2-10x Variable 2-10x 


























ALP = alkaline phosphatase (normal range, 38-126 units/L), ALT = alanine aminotransferase (normal range, 7-53 units/L), AST = aspartate 
aminotransferase (normal range, 11-47 units/L), Dbili = direct (conjugated) bilirubin (normal range, 0-0.2 mg/dL), 5NC = 5’-nucleotidase 
(normal range, 2-16 units/L), GGT = y-glutamyltransferase (normal range, 12-76 units/L), [bili = indirect (unconjugated) bilirubin (normal 
range, 0-1.1 mg/dL), LDH = lactate dehydrogenase (normal range, 90-280 units/L), Tbili = total bilirubin (normal range, 0,2-1.3 mg/dL), 
ULN = upper limit of the normal range. 


Several scales and algorithms have been developed to help assess causality in 
cases of suspected drug-induced liver injury. The most widely used scale is the 


Roussel Uclaf Causality Assessment Method (RUCAM).*°*! This method assigns a 
categorical likelihood of causality to a given drug and liver injury situation. It 
incorporates data from seven domains: (1) time to onset of the injury after initiation 
of the suspected agent, (2) progression and course of the reaction after suspected 
drug discontinuation, (3) risk factors, (4) concomitant drugs, (5) nondrug causes of 
liver injury, (6) previous information on the hepatotoxic potential of the drug, and 
(7) response to rechallenge. The RUCAM scale has demonstrated 86% sensitivity, 
89% specificity, and positive and negative predictive values of 93% and 78%, 
respectively. The likelihood categories determined are highly probable, probable, 


possible, unlikely, and excluded.®?*! Table 38-4 provides situations in which a 


drug or other xenobiotic could be a likely cause of liver injury. !°°8°6 


Table 38-4 Situations Indicating Xenobiotics as a Likely Cause of 


Hepatocholestatic Disease! -58,82-86 





¢ Abnormal results on liver tests in complex medical situations 

* Acute hepatitis or cholestasis not readily accounted for by other causes, such as viruses, other infections, 
gallstones, alcohol, metabolic or immunologic disorders 

¢ Atypical features of liver disease are present, such as mixed hepatocholestatic injury or microvesicular 
steatosis 

* Cholestasis with normal bile duct caliber on imaging 
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* Chronic hepatitis without autoantibodies or hyperglobulinemia 

* Histologic features representative of drug-induced hepatic injury (see text) 

* Indication by a questionnaire or algorithm designed to determine likelihood of an adverse effect (e.g., 
Naranjo Scale >8) 

* Obscure or poorly explained liver disease among those taking long-term steroids (anabolic or sex steroids), 
immunosuppressive agents, or other drugs (including dietary supplements) 

¢ Presence of extrahepatic manifestations, especially rash, lymphadenopathy, eosinophilia 

¢ The patient has recently started a new medication or dietary supplement 


Patients experiencing drug-induced liver injury usually present with either 
hepatitis-like symptoms (nausea, vomiting, lethargy, jaundice, abdominal 
discomfort, pruritus) or elevated liver enzymes. Most cases of drug-induced liver 
disease occur within 1 week to 3 months following initial exposure to the agent.” 
Table 38-5 provides a detailed list of signs and symptoms that have been 
associated with drug-induced hepatocholestatic diseases. !-!4!7-7!3156,60 


Table 38-5 Signs and Symptoms Associated with Hepatic and 


Cholestatic Diseases!-14,17-21,31,56,60 





¢ Abdominal pain 

¢ Anemia 

¢ Anorexia, weight loss, fatigue, malaise 
* Ascites 

* Asterixis 

* Caput medusae 

* Coagulopathy 

* Decreased albumin 

* Encephalopathy 

* Eosinophilia 

¢ Epigastric valvular murmur (Cruveilhier-Baumgarten syndrome) 
¢ Fetor hepaticus (sweet-pungent smell on breath) 
¢ Fever 

¢ Finger clubbing 

* Gynecomastia, loss of hair in males 

* Hepatomegaly 

* Hepatopulmonary syndrome 

* Hepatorenal syndrome 

* Hypoglycemia or hyperglycemia 

* Hypogonadism 

* Hyponatremia 

¢ Increased 5’-nucleotidase 

¢ Increased ALP/GGT 

¢ Increased AST/ALT 

* Increased bilirubin 

* Jaundice 

* Lactic acidosis 

* Nodular liver 

¢ Palmar erythema 
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¢ Presence of autoimmune serum markers (e.g., antinuclear antibody, antismooth muscle antibody, lupus 
erythematosus, antimitochondrial antibody) 

* Presence of liver-specific antibodies (e.g., LKM, LM) 

* Pruritus 

* Rash 

* Scleral icterus 

* Spider angioma 

* Splenomegaly 

* Steatorrhea 

* Thrombocytopenia and leukopenia 

* Varices 

* Weight gain 

¢ White nails 

ALP = alkaline phosphatase, ALT = alanine aminotransferase, AST = aspartate aminotransferase, GGT = y- 

glutamyl transferase, LKM = antiliver/kidney microsomal antibody, LM = antiliver microsomal antibody. 


Drug-induced hepatic injury mimics many other liver disorders, making 
diagnosis challenging. It can be difficult to distinguish the clinical presentation 
from viral hepatitis, cholangitis, and autoimmune hepatitis. This underscores the 
importance of obtaining a detailed history of the presenting illness, recent travel, 
therapeutic drug and dietary supplement use, and illicit drug use.*! Table 38-6 lists 
the various conditions to consider in the differential diagnosis of drug-induced 
liver disease. !-!4:!7.1820.2156 Table 38-7 describes extrahepatic syndromes 
associated with drug-induced hepatocholestatic diseases. !-!417-180.21,6 


Table 38-6 Conditions to Consider in the Differential Diagnosis 
1: 


of Drug-Induced Hepatic and Cholestatic Diseases 
14,17,18,20,21,56 





Cytotoxic pattern of damage 


¢ Autoimmune disorders 
¢ Epstein-Barr virus 

* Heat stroke 

* Ischemic liver 

* Leukemia/lymphoma 
* Neoplasms 

* Pregnancy 

* Reye syndrome 

* Sea anemone stings 
¢ Trauma 

* Varicella zoster 

* Viral hepatitis 

¢ Wilson disease 


Cholestasic pattern of damage 


¢ Acquired immunodeficiency syndrome 
¢ Allograft rejection 
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¢ Autoimmune cholangiopathic disorders 
* Bacterial infections 

¢ Bile duct strictures 

¢ Bilary atresia 

* Cholangitis 

* Cholecystitis 

* Cholestatic liver disease 

* Congenital abnormalities (e.g. porphyrias, Byler syndrome, a1-antitrypsin deficiency) 
* Cystic fibrosis 

* Graft-versus-host disease 

¢ Lymph node compression (lymphoma) 
* Neoplasms 

* Pancreatitis 

* Portal vein thrombosis 

* Postoperative cholestasis 

¢ Viral hepatitis 


Vascular damage 


* Behcet disease 

¢ Budd—Chiari syndrome 

* Cirrhosis 

* Collagen vascular diseases 

* Constrictive pericarditis 

* Hypercoagulation states 

* Infections 

¢ Inflammatory bowel disease 

¢ Myeloproliferative disorders, sarcoidosis 
* Polycystic liver disease 

* Pregnancy 

* Systemic lupus erythematosus 
* Total-body irradiation 

¢ Trauma 


Neoplasm formation 


* Metastatic neoplasms 
¢ Primary neoplasm of liver, pancreas, gastromtestinal tract 


Table 38-7 Extrahepatic Syndromes Associated with Drug- 
1-14,17,18,20,21,56 





Induced Hepatic and Cholestatic Diseases 


Drug Syndrome 
Amoxicillin—clavulanate, chlorpromazine, erythromycin | Obstructive jaundice 

estolate 

Anticonvulsants, chloramphenicol, gold salts, Associated bone marrow injury 


propylthiouracil, phenylbutazone 


Carbamazepine, phenytoin Fever, rash, atypical lymphocytosis, lymphadenopathy 


Clofibrate Mylagias, stiffness, weakness, elevated creatine kinase 
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Dapsone Fever, jaundice, rash, anemia (sulfone syndrome) 


Dapsone, carbamazepine, minocycline, phenytoin, Fever, rash, perspiration, lymphadenopathy 

sulfonamides (mononucleosis syndrome) 

Gold salts, methoxyflurane, paraquat, penicillamine Associated renal injury 

Intravenous tetracycline, valproic acid Anorexia, nausea, vomiting, somnolence, 

Methyldopa, oxyphenisatin encephalopathy resembling fatty liver of pregnancy 
Autoimmune hemolysis 

Nitrofurantoin, amiodarone Associated pulmonary injury 

Phenytoin, para-aminosalicylate, sulfonamides Fever, rash, lymphadenopathy, arthralgias (serum 


sickness syndrome) 


HEPATOCELLULAR INJURY 


Signs and symptoms of hepatocellular injury can occur within days after exposure 
but most commonly (with the exception of acetaminophen) take a week or more to 
develop. The clinical presentation typically includes malaise, abdominal pain, and 
jaundice. These findings along with coagulopathy (indicated by an elevated 
prothrombin time or international normalized ratio [INR]) and encephalopathy 
indicate particularly severe liver injury.* Marked elevations in ALT and aspartate 
aminotransferase (AST), usually preceding increases in total bilirubin levels, and 
only modest increases in ALP are characteristic of hepatocyte damage. Immune- 
mediated cytotoxicity is frequently associated with fever, rash, arthralgia, and 
eosinophilia. 

Drug-induced hepatic steatosis is usually asymptomatic, so diagnosis is often 
delayed. The disorder may be discovered when liver enzymes are measured as part 
of routine screening or work-up for an unrelated medical problem and found to be 
elevated. Fatigue and right upper quadrant discomfort may be the only presenting 
symptoms. Patients with steatohepatitis may report abdominal fullness or 
discomfort. If the disease is more severe, patients may present with nausea, 
vomiting, steatorrhea, abdominal pain, pruritus, and fatigue. ALT increases are 
variable. Histologic examination can provide a definitive diagnosis of steatosis and 
steatohepatitis, but even then, establishing causality with a specific drug is 


challenging.*°>-/> 


CHOLESTATIC INJURY 


Drug-induced cholestatic injury is typically seen within 4 weeks following drug 
initiation but can also occur even after the drug has been discontinued. Although the 
clinical presentation is nonspecific and variable, it is commonly characterized by 
jaundice and pruritus. Additional signs and symptoms may include fatigue, malaise, 
anorexia, and nausea. Patients may also be asymptomatic. For a diagnosis of 
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cholestatic injury, patients must have an ALP greater than twice the ULN and/or an 
R value of less than 2. ALP elevations usually precede increases in ALT. 
Elevations of gamma-glutamyl transferase have also been observed. Fever and rash 
are characteristic of drug-induced hypersensitivity reactions.*! Most acute cases 
resolve shortly after discontinuation of the offending agent. Patients with chronic 
cholestasis initially present with elevated ALP and jaundice, which can sometimes 
last several months to years. These patients can also experience protracted pruritus 
and fatigue and may develop xanthomas. Although uncommon, pain may occur with 
intrahepatic cholestasis and can mimic that associated with acute cholecystitis, 
cholangitis, or choledocholithiasis.*! 


VASCULAR INJURY 


Sinusoidal obstruction syndrome usually manifests within 1-3 weeks following 
initial drug exposure, but a chronic form of this disorder can present months to 
years afterward. Presenting signs and symptoms typically include some 
combination of rapid weight gain, ascites, jaundice, right upper-quadrant pain, 
portal hypertension (as evidenced by varices, ascites, and edema and occasionally 
encephalopathy, muscle wasting, and weakness), and varying degrees of ALT and 
AST elevation. The histologic pattern reflects sinusoid obstruction in central areas 
with hepatocyte necrosis and hemorrhage.!? 


The clinical presentation of other drug-induced hepatic vascular injuries, such 
as peliosis hepatis (a rare condition of multiple blood-filled cavities throughout the 
liver), are nonspecific and can include epigastric pain and nausea. It is not 
uncommon for these injuries to be found as incidental findings on abdominal 
imaging.*’ Hepatic vein thrombosis presents clinically as Budd—Chiari syndrome, 
featuring hepatomegaly, abdominal pain, and ascites. ’” 


NEOPLASTIC INJURY 


Drug-induced hepatic neoplasms may be benign or malignant. The most common 
signs and symptoms include fatigue, anorexia and weight loss, presence of a 
palpable mass, and abdominal pain or discomfort. 


RISK FACTORS 


Table 38-8 lists the various risk factors (and examples of associated medications) 
for drug-induced hepatic and cholestatic diseases.**>?*>88°! Both nonmodifiable 
(genetic predisposition, sex, age) and modifiable (alcohol consumption, 
malnutrition, medications) factors play important roles in drug-induced liver 
disease. Drug-induced hepatic injuries are sometimes reasonably predictable. For 
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example, hepatic injury might be expected following a large single dose of 
acetaminophen or excessive cumulative doses of amiodarone or methotrexate. 
Also, patients with chronic viral infections (e.g., human immunodeficiency virus) 
may be predisposed to immune-mediated cytotoxicity from some medications (e.g., 
isoniazid).-°°* — Tllicit. drug use, including cocaine and  3,4- 
methylenedioxymethamphetamine (“Ecstasy”), are directly linked to fulminant 
hepatic failure. Psilocybin mushrooms (used illicitly) usually cause hepatotoxicity 
only upon repeated use, whereas ingestion of toxic (poisonous) mushrooms can 
lead to fulminant hepatic failure. Pharmacokinetic or pharmacodynamic interactions 
may enhance susceptibility to idiosyncratic hepatocholestatic injuries. Exposure to 
some foods and chemical agents associated with construction, agriculture, 


horticulture, printing, plastic fabrication, plumbing, dry cleaning, and laboratory 


techniques may independently produce hepatic dysfunction.>?*° 


Table 38-8 Risk Factors for Drug-Induced Hepatic and 


Cholestatic Diseases24>>2>85,88-9 1,a 


Factor Medications 





Age 


Older Acetaminophen, amoxicillin—clavulanate, isoniazid, 
halothane, nitrofurantoin, troglitazone 


Younger Erythromycin, salicylates, valproic acid 
Gender 
Male Amoxicillin—clavulanate, azathioprine 
Female Diclofenac, halothane, isoniazid, methyldopa, 
minocycline, nitrofurantom, sulindac, propoxyphene, 
erythromycin 
Obesity Halothane, methotrexate, tamoxifen 


Diabetes mellitus 


Autoimmune/Immune-mediated disorders 


Pregnancy 
Renal dysfunction 


Cancer chemotherapy 


Dyslipidemia 


Acquired immune deficiency syndrome 


Methotrexate 


Salicylates, TNFa inhibitors, azathioprine, 6- 
mercaptopurine 


Acetaminophen, isoniazid, tetracycline 
Allopurinol, intravenous tetracycline, methotrexate 


Tyrosine kinase inhibitors, interleukin 2, monoclonal 
antibodies, cisplatin, oxaliplatin, etoposide, vinca 
alkaloids, doxorubicin, daunorubicin, azathioprine, 
fluorodeoxyuridine, thioguanine, 6-mercaptopurine 


Statins, niacin 


Trimethoprim—sulfamethozazole, dapsone, isoniazid 
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Underlying liver disease 


Chronic hepatitis B or C 


Nonalcoholic fatty liver disease 


Fasting, malnutrition 


Alcohol consumption 


Cumulative dose 


Increased dose 


Pharmacokinetic interaction 


Pharmacodynamic interaction 


Genetic predisposition 
CYP2C19 deficiency 
CYP2EI1 or CYP1A2 deficiency 
N-acetyltransferase 2 deficiency 
Sulfoxidation deficiency 
Epoxide hydrolase inhibition or deficiency 


Glutathione synthetase or transferase deficiency 
Glucuronosyl transferase deficiency 


Human leukocyte antigen allele association 


Manganese superoxide dismutase variation 


ATP-binding cassette transporter association 


Flutamide, ibuprofen, isoniazid, ritonavir, methotrexate 


Steroids, methotrexate, tamoxifen, tetracycline, 
irinotecan, nucleoside reverse transcriptase inhibitors 


Acetaminophen, methimazole, rifampin 

Acetaminophen, halothane, isoniazid, methotrexate, 
vitamin A 

Amiodarone, bromfenac, methotrexate, oral 


contraceptives 


Acarbose, acetaminophen, cocaine, cyclophosphamide, 
cyclosporine, methotrexate, niacin, perhexiline, 
phencyclidine, salicylates, tacrine, tetracycline, 
valproic acid, vitamin A 


Phenobarbital or phenytoin enhances valproic acid 
toxicity; isoniazid enhances acetaminophen toxicity 


Pyrazinamide or isoniazid enhances rifampin toxicity; 
acetaminophen and pennyroyal oil enhance toxicity 
of one another; valproic acid and chlorpromazine 
enhance toxicity of one another; isoniazid, 
zidovudine, cotrimoxazole, phenytoin, 
carbamazepine, barbiturates enhance 
acetaminophen toxicity 


Phenobarbital carbonate derivatives 

Isoniazid, sulfonamides 

Hydralazine, isoniazid, sulfonamides 
Chlorpromazine 

Carbamazepine, halothane, phenobarbital, phenytoin 


Acetaminophen, tacrine, troglitazone, amoxicillin— 
clavulanate 


Diclofenac, tolcapone 


Antituberculosis medications, carbamazepine, 
amoxicillin-clavulanate, nevirapine, lapatinib, 
lumiracoxib, ticlopidine 


Antituberculosis medications 


Diclofenac, nevirapine 


ATP = adenosine triphosphate, CYP = cytochrome P450 enzyme system, TNF = tumor necrosis factor. 
aThe National Institutes of Health provides a repository of information on herbal and dietary supplements 


associated with drug-induced liver injury Chttp:/ |, ae gov)-49 


Although some evidence exists for cross-sensitivity between medications 
within a given class, there are only a few concrete examples, including the 
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antiepileptics (phenytoin and carbamazepine), inhaled anesthetics (isoflurane, 
halothane, and enflurane), and the histamine,-receptor antagonists.°”*° 


Growing evidence suggests that high daily dose, regardless of the medication 
itself, is associated with increased mortality and should be considered a modifiable 
risk factor.** As an example, the use of oral contraceptives has been described as a 
cumulative dose-dependent risk factor for veno-occlusive hepatic dysfunction. 

In general, patients with mild-to-moderate chronic liver disease are not at 
increased risk of idiosyncratic drug-induced liver diseases. Exceptions include 
patients who receive methotrexate, tolcapone, pemoline, or niacin. Patients with 
severe liver disease or cirrhosis have altered pharmacokinetic profiles 
(absorption, metabolism, volume of distribution) increasing the risk of drug- 
induced liver injury. Injury may not ensue, however, because several enzyme 
systems, particularly Phase 2 conjugation reactions, are often preserved. Patients 
with diabetes, obesity, or hyperlipidemia are at increased risk of steatohepatitis, 
which may increase the susceptibility to various types of liver injury.!”!*” It is 
prudent to consider dose adjustment for any medication implicated in drug-induced 
hepatic and cholestatic diseases (Table 38-1) based on severity of liver disease.”° 


The study of genetic variations on drug-induced liver injury has led to the 
conclusion that liver injury due to medication varies by genetic susceptibility. 
Further work in this field may have lasting impact on the incidence of drug-induced 
liver injury. 

An understanding of the risk factors associated with acetaminophen toxicity 
provides insight into the complexities of drug-induced liver disease. As noted 
above, approximately 10% of ingested acetaminophen undergoes biotransformation 
to the toxic metabolite NAPQI, which, under normal circumstances, is immediately 
inactivated by conjugation with glutathione. CYP2E1 is the enzyme primarily 
responsible for the production of NAPQI; therefore, increasing CYP2E1 activity 
can increase concentrations of NAPQI, as is the case with chronic alcohol 
ingestion, which results in a twofold increase in CYP2E1 concentrations.°°>!>? In 
addition to enzymatic impact on NAPQI production, concomitant medications can 
significantly impact the CYP system. Inducers of bioactivating enzymes of 
acetaminophen may increase the acetaminophen bioactive dose and, therefore, 
toxicity. For example, tobacco use is an independent risk factor for mortality 
following acetaminophen exposure, presumably because tobacco smoke contains 
inducers of CYP1A2.°°>!°3 Isoniazid induces CYP2E1 and antiepileptics 
(phenytoin, carbamazepine, barbiturates) induce CYP3A4, which may lead to an 
increase in acetaminophen and NAPQI concentrations. Individuals treated with 
zidovudine for human immunodeficiency virus infection or co-trimoxazole for 
urinary tract or skin and soft tissue infection may have increased acetaminophen 
toxicity due to shunting more of the drug to the CYP system from competitive 
inhibition for glucuronyl transferase.°°>!°> Poor nutritional status contributes to 
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diminished glucuronidation, induction of CYP2E1, and glutathione depletion, 
possibly enhancing acetaminophen toxicity. And, finally, the existence of genetic 
polymorphisms may influence the metabolism of acetaminophen and alter the risk of 
toxicity.°°>!-? In summary, risk assessment of drug-induced liver disease is 
complex and typically multifactorial. 


MORBIDITY AND MORTALITY 


The majority of patients with drug-induced hepatic injury will completely recover 
after removal of the offending medication. However, this drug-induced disease 
accounts for 2—3% of all hospital admissions and only 20-25% of patients with 
acute idiosyncratic fulminant hepatic failure survive 3 weeks without liver 
transplantation.°~** The most likely causes of death in these patients include 
cerebral edema, sepsis, multiorgan failure, cardiac arrhythmia/arrest, and 
respiratory failure.°* Although mild-to-moderate liver dysfunction can cause 
significant morbidity (Table 38-5), mortality is not common.!"!4:!7!820215 Factors 
related to an increased risk for mortality include pre-existing liver disease; 
elevated serum creatinine or the need for hemodialysis; jaundice (bilirubin >2x 
ULN) with aminotransferase concentrations >3x ULN (Hy’s Law); occurrence in 
childhood (particularly in children taking antiepileptic drugs); and higher daily 
medication doses.**?>-”8 In general, extended exposure to the hepatotoxin will also 
worsen the prognosis. Jaundice can persist for several months after resolution of 
acute liver injury. Elevated AST or bilirubin, female sex, and increased age are 
associated with higher mortality in patients who experience hepatocellular 
reactions, whereas only elevated bilirubin is predictive of mortality in patients 
with cholestatic injuries.?~”® 


PREVENTION 


Table 38-9 lists approaches to help prevent drug-induced hepatic and cholestatic 
diseases.'°+ Early recognition of signs and symptoms of hepatic injury and 
rapid discontinuation of the causative agent are the best approaches to prevent 
serious sequelae. Patients with known risk factors should not receive hepatotoxic 
agents if alternative treatment methods are available. Manufacturers of some 
medications with known hepatotoxic potential provide specific recommendations 
for biochemical monitoring that can be followed and some _ professional 
organizations have published guidelines for monitoring use of potential 
hepatotoxins. For medications known to induce serious liver injury in 1—2% of 
exposures, monthly biochemical monitoring may be cost-effective. This has not 
been found to be true, however, for medications that are less frequently associated 
with severe drug-induced liver disease.>” 
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Table 38-9 Approaches to Help Prevent Drug-Induced Hepatic 


and Cholestatic Diseases! -9,94,99 





Global 


* Postmarketing surveillance and reporting 

* Preclinical drug testing in animals 

* Restricted availability (e.g., blister packaging of nonprescription medication) 
¢ Serial biochemical assessment during clinical studies 


Patient-specific 


¢ Adherence to dosing guidelines 

¢ Appropriate patient education on the medication expectations and signs/symptoms of hepatic injury (Table 
38-5) 

* Appropriate use of the medication 

« Avoid polypharmacy and herbal medicines 

* Avoid use of agents in patients with known risk factors (Table 38-8) 

* Control other disease states (e.g., hyperthyroidism, diabetes mellitus, and hyperlipidemia) 

* Genomic testing for potential susceptibility, if applicable/suspected 

¢ Maintain nutrition 

¢ Minimize alcohol consumption, occupational exposures, and illicit drug use 

* Rapid recognition of injury and associated extrahepatic syndromes (Table 38-7) 

* Serial biochemical monitoring in high-risk patients or with agents known to cause injury 





MANAGEMENT 


Most cases of drug-induced hepatocholestatic dysfunction can be treated by 
discontinuing the offending medication. In general, discontinuation results in rapid 
reversal of signs and symptoms if the injury is mild-to-moderate. A 50% reduction 
of hepatic-associated serum enzymes can be expected within 1 week if the injury 1s 
hepatocellular, but this degree of improvement may take 6 months or longer if the 
injury is cholestatic. !-!4:1617,20.21,56.96-98 Recovery following discontinuation of 
drugs with longer half-lives may be prolonged or incomplete. 





Cautious rechallenge may be considered only after all signs and symptoms of 
drug-induced hepatocholestatic injury have resolved and only when other 
nonhepatotoxic alternative therapies are unavailable. The rechallenge dose may be 
reduced by at least one-half and titrated upward to a desired dose over several 
months, if tolerated. !-!416!7,20.21,56,93,.94.99 Serum aminotransferase concentrations 
should be monitored frequently (i.e., at least weekly) during rechallenge. 


A culprit medication should be permanently discontinued if fulminant 
hepatocholestatic injury or immune-mediated hepatic injury has occurred. To 
prevent further injury, medications with dose-dependent toxicity should be removed 
rapidly from the patient’s system by aspiration, activated charcoal, or dialysis. 
Determination of serum concentration of the offending medication can help gauge 
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the success of removal strategies. These concentrations should be obtained daily, 
but more frequent monitoring may be necessary in cases of severe hepatotoxicity or 
as required by institutional protocol. 


In most cases, management of patients with drug-induced liver disease is 
limited to supportive care. Table 38-10 describes management of drug-induced 
hepatocholestatic diseases and associated complications.*+?7!8°!%!% There are 
very few rescue treatments for drug-induced liver disease, and some potential 
rescue treatments are not available for human use in the United States. Mevalonic 
acid, for example, could help prevent and/or ameliorate cholestatic injury due to 
hydroxymethylglutaryl coenzyme A reductase inhibitors (statins).!°’ Other rescue 
options are time-sensitive. Folic acid, for example, is protective against 
methotrexate-induced hepatotoxicity when given within 24 hours of exposure.!”* 


A rescue treatment proven effective for acetaminophen-induced hepatitis is N- 
acetylcysteine (NAC). Although NAC is typically administered within 24 hours of 
acetaminophen ingestion, a randomized, placebo-controlled study showed that 
NAC infusions of 6.25 mg/kg/hr reduced mortality, the incidence of cerebral 
edema, and vasopressor requirements in patients with acetaminophen-induced 
fulminant liver failure who presented >24 hours after ingestion.!°! All patients had 
undetectable serum acetaminophen concentrations when NAC was. initiated, 
suggesting that NAC may have therapeutic effects other than its glutathione- 
replenishing ability (via providing the precursor L-cysteine). Pennyroyal oil and 
carbon tetrachloride can deplete glutathione, and some evidence suggests that 
administering NAC shortly after exposure to these agents is beneficial.!9-!°° Case 
reports also indicate that NAC may be beneficial in the treatment of acute hepatic 
failure caused by valproic acid and sulfasalazine. !07:1°8 

In theory, NAC may be beneficial for other drug-induced causes of direct 
hepatotoxicity because it facilitates the replenishment of glutathione, acts as an 
antioxidant, decreases inflammation by reducing leukocyte chemotaxis and 
suppressing the expression of nuclear factor-«B, and enhances the synthesis of 
nitric oxide to increase oxygen delivery.!”!!° Studies have demonstrated benefits 
of treatment in certain cases of nonacetaminophen drug-induced hepatic injury.!!! 
"13 However, until more evidence is available, intravenous NAC should generally 
be reserved for use in the situations described previously. 

Corticosteroids reduce the inflammatory response to toxic stimuli. Prednisone 
10-80 mg daily may reduce the inflammatory reaction associated with immune- 
mediated hypersensitivity reactions. Azathioprine 50-150 mg daily may be 
substituted or added.!!>!!© Because corticosteroids are possibly effective for 
alcohol-induced hepatitis, several studies have investigated their clinical use for 


other causes of hepatitis.''”!?° Unfortunately, no trial has specifically studied the 
effectiveness of corticosteroids in patients with drug-induced hepatitis. The results 
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of a multicenter study that enrolled 62 patients with acute hepatic failure found that 
9 of 10 patients with drug-induced liver failure (6 due to halothane, 2 due to 
methyldopa, 1 due to isoniazid, and 1 due to propylthiouracil) died despite daily 
therapy with hydrocortisone 40-800 mg.!*! Until additional studies are conducted, 
corticosteroids cannot be routinely recommended for the treatment of drug-induced 
hepatitis. Corticosteroids may have a role in certain case-specific scenarios, 
including use in patients with lesions resembling immune-mediated hypersensitivity 
reactions or macrovesicular steatosis caused by agents other than alcohol, including 
methotrexate, parenteral lipids, and warfarin.'?* Another potential role for 
corticosteroids is in patients demonstrating hypersensitivity with extrahepatic 
manifestations (Table 38-7). 


Table 38-10 Management of Drug-Induced Hepatic and 





Cholestatic Diseases and Associated Complications?4.??- 
186,192,193 

Agent or 

Symptom Management 





Acetaminophen toxicity NAC intravenously 150 mg/kg (MAX: 15,000 mg) over 1 hr, then 50 mg/kg 
(unintentional or chronic), (MAX: 5,000 mg) over 4 hr, then 6.25 mg/kg/hr (MAX: 10,000 mg) for 16 hr, 
carbon tetrachloride, pennyroyal |may continue until resolution if clinically indicated or NAC enterally 140 

oil, other cytotoxic agents (case- | mg/kg loading dose, then 70 mg/kg every 4 hr for 17 additional doses 
specific) 100-112 


Alcoholic hepatitis99,114 Prednisolone 40 mg enterally daily for 4-6 weeks or pentoxifylline 400 mg 
enterally 3 times daily for 4 weeks 
Ascites 145-150,156-162 Fluid restriction 1-2 L/day and sodium restriction 1-2 g/day and furosemide 


40 mg intravenously or enterally daily and spironolactone 100 mg enterally 
daily (diuretics titrated to remove 0.5—2 kg/day) + large-volume paracentesis 
if diuretic- refractory, abdominal pain, or breathing difficulties 
Cerebral edema with increased |Minimize agitation, hyperthermia, pain, hypoxia, and acidosis + mannitol 25— 
intracranial pressure 145- 50 g intravenously as needed for intracranial pressure >20 mm Hg and serum 
150,176-182 osmolarity <320 mOsm/kg (or hypertonic saline to keep serum sodium 145— 
155 mEq/L) + hyperventilation for pCO near 35 mm Hg + pentobarbital or 


thiopental 250 mg intravenously as needed for intracranial pressure >20 mm 
Hg + hypothermia 32—35°C 


Cholestasis 128-132 Ursodiol 300—600 mg daily enterally daily until resolution 
Coagulopathy (INR >1.5)141- | Vitamin K 10 mg intravenously or enterally daily + fresh-frozen plasma + 
154 platelets (to keep platelet count >50x109/L) + desmopressin acetate 0.4 


mcg/kg intravenously + factor VIIa 10-100 mcg/kg intravenously (usually 
reserved for refractory hemorrhage) 


Electrolytes 133 Correct hypokalemia, hypomagnesemia, and hypophosphatemia 


Encephalopathy167-175 Lactulose enterally or rectally 30 mL as needed to produce 2 stools daily + 
enteral antibiotic (rifaximin 200—400 mg 3 times daily or metronidazole 500 
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Hepatorenal syndrome 133,187- 
192 
Hyperglycemia 145-150 


Hypoglycemia 145-150 


Immune-mediated 
hypersensitivity reaction (case- 
specific) 115-123 


Pruritus 140 


Spontaneous bacterial 
peritonitis 156-166 
Valproic acid toxicity124-127 


Variceal hemorrhage 161- 
163,183-185,186 


Veno-occlusive or veno- 
thrombotic disease 134-139 


mg 2-4 times daily) 


Renal replacement therapy + vasopressin 0. 1—0.4 units/min (or midodrine 
2.5—10 mg enterally 3 times daily + octreotide) 


Short-acting (regular) insulin intravenously or subcutaneously 
Dextrose 50% (w/v) intravenously 


Prednisone 10—80 mg enterally daily for 4-6 weeks + azathioprine 50—150 
mg enterally daily 


Cholestyramine 4 g enterally twice daily or colestipol 5 g enterally twice daily 
(titrate to relief or diarrhea) + rifampin 600 mg enterally daily + phenobarbital 
60—120 mg enterally daily + chlorpromazine 150—300 mg orally daily + 
naloxone 20 mg subcutaneously daily + ondansetron 8 mg intravenously or 
enterally once 


Antibiotic (third-generation cephalosporin, fluoroquinolone, or extended- 
spectrum penicillin) for 5—7 days, and albumin 1.5 g/kg intravenously at 
diagnosis then | g/kg intravenously 3 days later 


L-carnitine 50-300 mg/kg intravenously daily until resolution 
Hemodynamic resuscitation and endoscopy (banding preferred) and 


octreotide 50 mcg intravenously, then 25—S0 mcg/hr for 72 hr + transjugular 
intrahepatic portosystemic shunt 


Stent placement or angioplasty + thrombolysis (rTPA 2 mg then 0.5—1 mg/hr 
infused locally for 24 hr) + anticoagulation + transjugular intrahepatic 


portosystemic shunt 


NAC = N-acetylcysteine, INR = international normalized ratio, pCO = partial pressure of arterial carbon 


dioxide, rTPA = recombinant tissue plasminogen activator. 


Several other agents have reported potential in treating multiple etiologies of 
hepatitis, including colchicine, gemfibrozil, betaine glucuronate, ursodiol, 
pentoxifylline, a-tocopherol, nitric oxide, methionine, vitamin E, L-carnitine, and 
silymarin (milk thistle).!??:!74 Only L-carnitine and silymarin have been studied for 
reversal of drug-induced liver dysfunction. 


L-carnitine induces ureagenesis, facilitates fatty acyl transport, and reduces 
inflammation by inhibiting TNF. The results of a retrospective study of 92 patients 
with apparent fulminant liver failure secondary to valproic acid showed that L- 
carnitine therapy at unspecified doses improved survival from 10% to 48%. !7>:!76 Tt 
should be noted, however, that specific data describing the patients, severity of 
liver injury, and morphologic and histologic pathologies were not presented. The 
typical dose of intravenous L-carnitine is 50-100 mg/kg/day given in divided doses 
every 6-8 hours, and therapy should be initiated as soon as possible after 
suspected/confirmed exposure. 


Silymarin, also known as milk thistle, is an herbal supplement used sometimes 
by patients to “protect the liver” when taking agents with hepatotoxic potential. 
Silymarin is reported to possess antioxidant, anti-inflammatory, and antifibrotic 


1608 


properties that protect hepatocytes from lipid peroxidation. Unfortunately, 
beneficial effects have not been substantiated. A meta-analysis of 14 trials of 
silymarin used in patients with chronic liver disease (two studies of drug-induced 
liver diseases) found that ALT was reduced by only 9 international units per liter (p 
= 0.05).'?7 AST, albumin, and prothrombin time were not significantly affected. 
Although silymarin was thought to have potential to inhibit hepatitis C virus (HCV) 
replication, a randomized, controlled trial evaluating high-dose oral silymarin 
administration was unable to show improvement in concentrations of ALT or HCV 
RNA in patients with HCV unsuccessfully treated with interferon therapy.'"* As a 
result, silymarin cannot be recommended in the treatment or prevention of drug- 
induced hepatotoxicity or other types of hepatic disease. 


Patients with drug-induced cholestasis may require long-term daily treatment 
with ursodiol 300-600 mg/day to dissolve cholesterol gallstones and inhibit 
apoptosis.7!°°!28-!32 Anticoagulation therapy, thrombolytic therapy, or both should 
be considered after stent placement or angioplasty for drug-induced veno-occlusive 
or venothrombotic diseases.!**!%° If there is evidence of hepatic impairment or 
ascites, patients with veno-occlusive or venothrombotic disorders should receive 
minimal sodium (<2 g/day) and may require diuretics for the removal of 
accumulated fluid, similar to the treatment of ascites with other etiologies. !°+!°° 


Ultimately, patients with fulminant liver failure who do not respond to the 
measures described above will likely require liver transplantation to survive. 
Unfortunately, only 50% of patients with drug-induced liver failure receive a liver 
transplant, primarily due to the limited availability of organs and patients’ 
relatively short survival time.®~!°° The use of liver-assist devices or hepatic 
regeneration therapy with agents such as malotilate is not common, and most data 
supporting their use are from case reports.!8”!°! Extracorporeal liver-assist 
devices may be artificial or cell-based.!®’ Artificial devices use either 
conventional dialysis along with hemodialysis with a 5—10% albumin dialysate 
solution over an albumin-impermeable membrane or a fractionated plasma 
separation technique that uses a membrane with a 250-kDa cutoff between circuits, 
thereby making the membrane permeable to albumin.!®’ Cell-based devices 
incorporate hepatocytes from various sources and have the theoretical advantage of 
not only providing blood purification through dialysis but also providing 
hepatocyte-specific functions (e.g., protein synthesis, ureagenesis, gluconeogenesis, 
and detoxification through CYP activity).'®? A meta-analysis suggests that liver- 
assist devices may reduce the incidence of encephalopathy by 33% but do not alter 
mortality.'®” These devices may, however, improve the likelihood that a patient 
will survive until transplantation is possible.!°* Devices are not currently available 
clinically, but represent avenues of future research. In patients with portal 
hypertension and refractory bleeding or refractory ascites, transjugular intrahepatic 
portosystemic shunt may be considered to provide time until a liver transplantation 
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can be performed. This approach, however, is associated with worsening 
encephalopathy. !*° 


Liver dysfunction may be associated with pruritus, coagulopathy, malabsorption 
of fat-soluble vitamins (vitamins A, D, E, K), glycemic dysregulation, ascites, 
spontaneous bacterial peritonitis (SBP) or other infectious processes, 
encephalopathy with increased intracranial pressure (ICP), variceal hemorrhage, 
hepatorenal syndrome, electrolyte abnormalities, metabolic acidosis, and 
cardiovascular collapse. Biliary dysfunction may cause osteoporosis and 
hypercholesterolemia. The majority of these are chronic manifestations seen in 
patients with cirrhosis. 


Pruritus in patients with liver dysfunction is likely due to the accumulation of 
bile acids, even though the concentration of bile acids in the skin does not correlate 
with the degree of pruritus.'*? Management of this condition is difficult because 
traditional histamine,-receptor antagonists (e.g., promethazine) typically offer little 
relief from itching. First-line treatment is the administration of a bile acid 
sequestrant (e.g., cholestyramine or colestipol).!4° Doses are initially low 
(cholestyramine 4 g or colestipol 5 g daily or twice daily) and increased over a 
period of several weeks until symptomatic relief is achieved or constipation 
develops. Both of these agents may bind and reduce the gastrointestinal absorption 
of other drugs. Consequently, dosing schedules should be adjusted so that other 
drugs are given at least 1 hour before or 4 hours after the sequestrant. In cases in 
which the bile-acid sequestrant is ineffective or not tolerated, therapy with rifampin 
in a dose of 600 mg daily may be tried.'4° Symptomatic relief usually occurs within 
1-3 weeks of initiating rifampin, likely due to enzyme induction and enhanced 
clearance of bile acids. Caution is necessary when rifampin is used in this patient 
population. Serum concentrations of liver enzymes and bilirubin should be obtained 
within 2 weeks of initiating therapy to ensure that the drug is not worsening hepatic 
disease. Phenobarbital may alleviate pruritus and also provides sedation. 
Chlorpromazine 25—100 mg every 6 hours produces variable results. As with 
rifampin, serum concentrations of liver enzymes and bilirubin should be determined 
within 2 weeks of initiating therapy with chlorpromazine. Daily subcutaneous 
administration of naloxone has been shown to be effective.!*° A single intravenous 
dose of ondansetron 8 mg has been shown to alleviate pruritus within 24 hours of 
administration in one case series, presumably by blocking serotonin (5- 
hydroxytryptamine type 3) receptors on sensory nerve endings. !4° 


Hepatic dysfunction alters coagulation and fibrinolysis through several 
mechanisms, including reducing concentrations of coagulation factors V, VII, IX, X, 
XI, prothrombin, thrombin-activated fibrinolysis inhibitor, | endogenous 
anticoagulants (proteins C, S, Z; heparin cofactor II; Z-dependent protease 
inhibitor; antithrombin), producing defective vitamin K-dependent coagulation 
factors (VII, IX, X, prothrombin) and increasing concentrations of tissue 
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plasminogen activator, plasminogen activator inhibitor, and von Willebrand 
factor.!4!!42 Renal dysfunction frequently accompanies hepatic dysfunction and 
usually increases bleeding risk due to acquired platelet dysfunction and abnormal 
platelet-vessel wall interaction.'*!!** Hepatic injury prevents efficient use of 
vitamin K, and a dose of 10 mg of vitamin K can reverse coagulopathy to some 
extent in many patients with mild-to-moderate liver dysfunction.'4*!°° The 
treatment of coagulopathy secondary to drug-induced hepatic dysfunction frequently 
necessitates the administration of exogenous clotting factors (e.g., fresh-frozen 
plasma or cryoprecipitate).'**-!°° Exogenous platelets should be administered only 
when life-threatening thrombocytopenia is present.!°! Intravenous desmopressin 
acetate at maximum doses of 0.4 mcg/kg promotes the release of factor VIII from 
platelets and reverses coagulopathy with variable success.!°! Intravenous 
recombinant factor VIIa in a dose of 10-100 mcg/kg rapidly reverses coagulopathy 
and may alleviate hemorrhagic episodes; but these effects last less than 6 hours so 
this treatment is usually reserved for cases of refractory hemorrhage. !>*:!>? Higher 
doses of recombinant factor VIla may be associated with thrombosis.!** In general, 
the INR should be maintained at a value <1.5 and the platelet count >50,000 per 
cubic millimeter. However, reversing coagulopathy may require substantial fluid 
administration that can induce ascites and intracranial hypertension, negating the 
ability to use coagulopathy as a prognostic marker.!#>-!°° Although the production 
of endogenous thrombopoietin is frequently diminished in patients with severe liver 
dysfunction, there is no evidence supporting the routine use of exogenous 
thrombopoietin. !>! 


Fat-soluble vitamins (A, D, E, K) should be administered with careful attention 
to the dose of vitamin A because it may induce liver failure at high doses or worsen 
existing injury at therapeutic doses. In these situations, vitamin A induces hepatic 
inflammation and diminishes the antioxidant capacity of the liver.!°> 

Hypoglycemia is a common manifestation of liver dysfunction because the 
production of glucagon is impaired and hepatic glycogen stores are minimal. !4°-!>° 
Patients with fulminant liver dysfunction are often hypervolemic; therefore, the 
intravenous administration of high concentrations of dextrose (50% w/v) may be 
needed to correct hypoglycemia without adding volume. Patients may develop 
hyperglycemia due to peripheral insulin resistance and the inability of the liver to 
convert glucose to glycogen.'**-!°° Subcutaneous or intravenous insulin can be used 
to control hyperglycemia. 

Portal hypertension and arterial vasodilation produce ascites by activating the 
renin—angiotensin—aldosterone—vasopressin system to increase intravascular blood 
volume. Peritoneal fluid collects when an elevated hepatosplanchnic pressure 
forces the passage of fluid from the sinusoidal lumen into the interstitial spaces 
because the endothelial cells that line the sinusoids are compromised.!>!° 
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Therefore, ascites should be treated with fluid restriction (1-2 L/day), sodium 
restriction (1—2 g/day), and the administration of diuretics, preferably furosemide 
and spironolactone in doses of 40 mg/day and 100 mg/day, respectively. !-05& 
162 These doses may be titrated over time to 160 mg/day and 400 mg/day, 
respectively. The goal of diuretic therapy is to remove fluid at a rate of 0.5 kg/day 
in patients without peripheral edema and 2 kg/day in patients with peripheral 
edema. Large-volume paracentesis (>5 L) may be performed if the patient has 
severe abdominal pain or breathing difficulty.!°°!® Albumin (8 g for each liter of 
ascitic fluid removed) administered during or immediately after paracentesis can 
help prevent circulatory and renal dysfunction. !4>-!°0!57-!62 


Small-volume paracentesis (<2 L) 1s used to evaluate patients with new-onset 
ascites for the presence of SBP, and an ascitic fluid polymorphonuclear count of 
>250 cells per cubic millimeter is considered diagnostic.!°°!® SBP occurs when 
bacteria translocate from the intestinal tract to the peritoneum via the mesenteric 
lymphatic system. This complication of hepatic disease is secondary to impaired 
gastrointestinal motility, damage to the intestinal mucosa, gastrointestinal bacterial 
overgrowth, low concentrations of protein and complement in the ascitic fluid, 
impaired activity of the reticuloendothelial system including Kupffer cells, and 
reduced neutrophil function.'©*!® Antibiotic therapy for 5—7 days is indicated for 
the treatment of patients with SBP.!°°!® Therapy should be designed to cover the 
most likely organisms and penetrate the ascitic fluid. Coverage for Escherichia 
coli, Streptococcus pneumoniae, Klebsiella species, and other enteric gram- 
negative organisms should be provided. Third-generation cephalosporins 
(cefotaxime, ceftriaxone), extended-spectrum penicillins (ampicillin-sulbactam), 
and fluoroquinolones (ciprofloxacin) are all effective in eradicating these 
organisms, with resolution rates generally >90%.'© Empiric selection of initial 
antibiotic therapy should consider the local antimicrobial resistance patterns. 
Albumin in a dose of 1.5 g/kg given at the time of diagnosis and | g/kg given 3 days 
later has been shown to reduce the incidence of renal impairment and hospital 
mortality in patients with SBP.'© Prophylactic antibiotics for the prevention of SBP 
in patients with ascites may be warranted when fulminant liver failure is 
present, !©-16 


Encephalopathy is a metabolic disorder of mental activity, neuromuscular 
function, and consciousness associated with hepatic disease. It is believed to be 
caused by the accumulation of substances (e.g., ammonia) that are efficiently 
metabolized/eliminated under normal conditions but accumulate with liver 
dysfunction.!°”-!©? Single measurements of serum ammonia concentrations do not 
reflect the degree of encephalopathy, but trends in serial measurements correlate 
with the progression or reversal of encephalopathy.!°”!°? Initial treatment of 
encephalopathy should include the reversal of precipitating factors (including 
hemorrhage, excess dietary protein, azotemia, infection, constipation, and 
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metabolic/electrolyte disturbances) and the discontinuation of central nervous 
system depressants.!°7!©° Pharmacotherapy of encephalopathy may be initiated 
with enteral or rectal lactulose (30 mL as often as hourly until stool is produced 
and then 3-4 times daily as needed to produce two to three soft stools per day) and 
enteral rifaximin (200-400 mg 3 times daily) or metronidazole (500 mg 2—4 times 
daily).!4°-!99.167 170 Meta-analysis has shown that lactulose improves 
encephalopathy.!’! Neomycin (1-2 g 4 times daily) is used for encephalopathy in 
rare cases, and caution is warranted as it is associated with nephrotoxicity.!” 
Protein restriction is not recommended unless other treatment modalities fail to 
control symptoms, and nutritional products containing branched-chain amino acids 
may reduce the degree of encephalopathy, although major outcomes, such as 
returning to baseline mental status, length of hospital stay, and survival do not 
improve.!72-!74 


Altered mental status should be investigated using computed tomography to rule 
out intracranial hemorrhage. Insertion of an ICP monitoring device may be 
considered but may constitute an unacceptable risk for the patient when 
coagulopathy is present.!’°!”7 The use of an ICP monitor is associated with 
hemorrhage and 30-day survival after liver transplantation has been found to be 
similar in both monitored and nonmonitored patients.!’* Treatment of increased ICP 
should include minimizing agitation with short-acting benzodiazepine agents, 
providing analgesia with short-acting opioid agents, controlling hyperthermia, and 
minimizing acidosis and hypoxia.!4>-!>°.!7¢!"7 Cerebral edema and increased ICP 
may be treated with intravenous mannitol 25—50 g as needed to keep the ICP <20 
mm Hg and the serum osmolality between 310-320 mOsm/kg. !©7-!6?-!76!77 Mannitol 
may accumulate in astrocytes if renal failure is present and may cause rebound 
cerebral edema. Hypertonic saline (3% w/v) administered to a target serum sodium 
concentration of 145—155 mEq/L may be used as an alternative to mannitol but can 
contribute to serum sodium irregularities. !” 


Hyperventilation to maintain the partial pressure of arterial carbon dioxide near 
35 mm Hg should reduce ICP without substantially compromising cerebral blood 
flow, but this effect is limited to several hours.!4°-!>®:!8° Intravenous thiopental or 
pentobarbital may be used if mannitol is unsuccessful or contraindicated.!*~ 
150,176,177 Mfild hypothermia (32—35°C) is also used in the treatment of elevated ICP. 
This therapy maintains hepatic function by decreasing ischemia-reperfusion injury 
and the inflammatory response; however; it 1s associated with coagulopathy, 
electrolyte abnormalities, altered hemodynamics, variable glucose control, and 
rebound intracranial hypertension during rewarming, !®!.!62 

Variceal hemorrhage and hepatorenal syndrome are rarely associated with 
idiosyncratic drug reactions. Varices are caused by portal hypertension and 
develop when the portal pressure gradient exceeds 10 mm Hg, resulting in the 
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development of portosystemic collateral circulation. !©!-!®.!*8%.!84 A variceal 


hemorrhage should be treated with endoscopic procedures (banding is preferred) 
followed by the administration of octreotide (50 mcg bolus followed by 
intravenous infusion of 25 or 50 meg/hr for 3—5 days).!°!-!%.!83.!84 Octreotide 
reduces the rate of rebleeding and transfusion requirements.!®° In some countries, 
terlipressin (a vasopressin analogue) is available and has demonstrated improved 
survival.'> Acute renal failure may require renal dialysis, but hepatorenal 
syndrome may be temporarily alleviated by intravenous vasopressin infusion (0.1— 
0.4 units/minute) or the combination of octreotide and midodrine (2.5—10 mg 3 
times daily).!%? 


Common electrolyte abnormalities associated with liver dysfunction include 
hypophosphatemia, hypokalemia, and hypomagnesemia. Electrolyte replacement 
may be required. Hypervolemic hyponatremia is common and usually asymptomatic 
even when sodium concentrations are profoundly low; however, it may indicate the 
onset of hepatorenal syndrome or increase the predictive mortality potential for 
Model for End-stage Liver Disease scoring in cirrhosis. !*° The benefits of raising 
serum sodium concentrations in severe hyponatremia are controversial in patients 
with severe hepatic dysfunction (e.g., cirrhosis). Diuretic therapy combined with 
fluid restriction can improve serum sodium concentrations.!** Intravenous sodium 
chloride should be administered only when patients are symptomatic (e.g., when 
seizures are present), as increases 1n serum sodium concentrations are transient and 
the excess fluid may precipitate ascites. 


Vasopressin receptor antagonists (e.g., conivaptan and tolvaptan) are a novel 
class of diuretics used to correct hyponatremia. Unlike loop diuretics, vasopressin 
receptor antagonists increase urine flow and decrease urine osmolality while 
increasing plasma osmolality without increasing the renal elimination of sodium. 
All vasopressin receptor antagonists are contraindicated in severe hepatic 
impairment, and tolvaptan should generally be avoided with any underlying liver 
disease.!"°-!°” Following liver transplantation, the restoration of hepatic function 
and isotonic fluids received during surgery will induce rapid correction of 
hyponatremia. However, if baseline sodium concentrations are too low, this 
correction may be rapid enough to induce osmotic demyelination syndrome. 
Osmotic demyelination syndrome can occur with rapid rises in sodium 
concentrations (>9 mEq/L in 24 hours and >18 mEq/L in 48 hours), which can be 
associated with cerebral edema and severe neurologic complications. !%*!% 
Therefore, in patients with a serum sodium concentration <130 mEq/L awaiting 
liver transplant, administration of hypertonic saline for slow correction of 
hyponatremia prior to transplantation may help prevent this potential 
complication. !?8 


Systemic complications (e.g., metabolic acidosis and cardiovascular collapse) 
may cause acute hypoperfusion of the liver, commonly called shock liver or 
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ischemic hepatitis. Treating the underlying cause of shock liver generally leads to 
resolution of hepatic injury. If long-term complications of biliary dysfunction occur 
(e.g., osteoporosis or hypercholesterolemia), treatment should be implemented 
according to current practice guidelines, with special consideration for dose 
adjustments for hepatic impairment. 


INFORMATION FOR PATIENTS 


Patients taking agents that may cause hepatocholestatic injury should be instructed 
to consult their healthcare provider if they experience nausea, vomiting, 
unexplained weight loss, decreased appetite, or abdominal pain that lasts several 
days and cannot be attributed to other causes. Patients with altered mental status, 
increased abdominal girth, peripheral edema, bleeding episodes, protracted 
pruritus, jaundice, or reduced urine production should receive immediate medical 
attention. In some cases, no symptoms may be present and medical tests (imaging, 
biopsy, and/or bloodwork) may be required. Patients should be instructed not to 
take any nonprescription medications or herbal products without first consulting 
their healthcare provider. Patients should inform their healthcare provider of all 
medications (including herbal remedies and dietary supplements) they are taking to 
avoid drug—drug interactions. All patients should be educated about their 
medications and risk factors, including alcohol, illicit drugs, and other 
environmental exposures. It is important to emphasize to patients that they should 
only take their medications in doses recommended or prescribed by their healthcare 
provider. This may help avoid toxicity, but some medications can cause toxicity 
even at recommended doses (idiosyncratic reactions). Toxicity may occur within 
days or months of starting a medication. The most effective treatment for drug- 
induced liver toxicity is stopping or avoiding the offending medication. In most 
cases, the liver repairs itself but may take several months to heal. In severe cases 
(e.g., liver failure or cirrhosis), liver transplantation may be needed. 
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CHAPTER 39 


Pancreatitis 


Pramodini B. Kale-Pradhan and Sheila M. Wilhelm 


Pancreatitis, an inflammatory process of the pancreas, may be described as either 
acute, in which the normal function of the pancreas returns, or chronic, in which the 
damage to pancreatic function is irreversible.! Although a number of drugs have 
been reported to cause pancreatitis, the cause-and-effect relationship is often 
difficult to verify. It is unclear how drugs cause pancreatitis, although several 
mechanisms have been hypothesized, including immune-mediated, direct pancreatic 
toxicity, pancreatic duct constriction, thrombosis, and metabolic effects. 


CAUSATIVE AGENTS 


Table 39-1 lists the agents implicated in drug-induced pancreatitis. Typically, drugs 
are associated with acute pancreatitis although there are some reports of drug- 
induced chronic pancreatitis as well. One review reported that 44 of the top 100 
most frequently prescribed medications in the United States have been associated 
with acute pancreatitis.7 Drug-induced pancreatitis has no features that allow it to 
be differentiated from other forms of the disorder.* Mallory and Kern classified 
drugs that may cause pancreatitis into three groups: those with a definite 
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association, those with a probable association, and those with a questionable 


association.* Drugs are classified as having a definite association if the disease 
develops during treatment with the drug, disappears after the drug is withdrawn, 
and returns when the patient is rechallenged. Drugs are classified as having a 
probable association with pancreatitis if an association 1s thought to be likely and 
one or two of the definite association criteria are met. Drugs are classified as 
having a questionable association if the supporting evidence is inadequate or 
contradictory. In addition to the Mallory and Kern system, two additional 
classification systems have been proposed and are also frequently cited in the 
literature. Trivedi and Pitchumoni proposed a system that modified the three-group 
classification system giving more weight to the number of cases reported and 
positive rechallenge.2 Badalov’s system categorizes drug-induced pancreatitis 
using five classes. Class Ia includes drugs with at least one case report, evidence 
of a positive rechallenge, and exclusion of other causes of acute pancreatitis. Class 
Ib is similar to class Ia, but in this class, other causes of acute pancreatitis could 
not be ruled out. Criteria for Class II drugs include at least four case reports with a 
consistent latency period for at least 75% of the cases. Class III drugs have at least 
two case reports but do not have rechallenge data or a consistent latency period. 
Finally, Class IV drugs have one case report without rechallenge data. 


Table 39-1 Agents Implicated in Drug-Induced Pancreatitis!- 


TPO PYAPSI. PRAIA Ale 


Incidence | Evide) 





DEFINITE ASSOCIATION 
5-ASA 112,198,199,201,202,204-217,496 


nw 


wl 


QJ a; ay al a] B|] Bw] & 


ACE mnhibitors (benazepril, enalapril, lisinopril, captopril, quinapril, ramipril) 16,44- | 0.3-1.07% 
54,57,58,61-65,67,5 10,5 11,538,545,546 


Amiodarone483-486 0.01—0.02% 
Asparaginase 13 1-135,138-140,142-147,149-152,155-159,161-163,165-169,503 2-18% 
Azathioprine 10,12,16,103-107,109-111,113,116,117,120-123 4.5-5.3% 


Bortezomib409-412 
Carbamazepine379-382 
Cisplatin225-227 


Codeine547,548 


Z| Z| Z| Z| Z 
Wy 





Corticosteroids2,11,244,245,519,549-560 


1630 











Cytarabine218,221,223,224 NK C 
Didanosine20,21,25-28,30-37,39-4 1,561,562 C 
Estrogen303-309,311,312 C 
Furosemide3 13-320 NK C 
Interferon 0418-426 NK B 
Isoniazid287-298 NK C 
6-mercaptopurine 102,114,115,119,120 C 
Methyldopa299-302 C 
Metronidazole77-86 NK CG 
Pentamidine268-283,494 NK C 
Pentavalent antimonials (sodium stibogluconate, meglumine antimoniate)563-572 |NK C 
Sorafenib400-404,407,408 C 
Statins (atorvastatin, fluvastatin, lovastatin pravastatin, simvastatin)87-98,573,574 B 
Sulfonamide (sulfamethoxazole)203,247-249 NK C 
Sulindac 178-183,186,187,497 NK C 
Tetracycline251-256,261 NK B 
Thiazides (chlorthalidone, chlorothiazide, C 
hydrocholorthiazide)323,324,326,327,330,332-335 

Tigecycline263-267,575 NK B 
Valproic acid338-342,344-358,360-376 B 
PROBABLE ASSOCIATION 

Acetaminophen 88-197 4% (overdose) |B 
Ampicillin284,325 NK C 
Angiotensin receptor blockers (losartan, irbesartan)55,56,576,577 NK C 
Bezafibrate578 NK C 
Brentuximab vedotin4 13-415 C 
Bumetanide321 NK C 
Caleium173-175,177,530,532,534 C 
Cimetidine69-74 C 
Clozapine383-391 C 
Dipeptidyl peptidase 4 (DPP-4) inhibitors (sitagliptin, saxagliptin, linagliptin, NK B 
alogliptin, vildagliptin)430,440,443-448,450,453,455-459,46 1,466-468,470,471,473- 

475,478-480 se 
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Doxycycline259-261 


Z 
nw 


Z 
nw 


Erythromycin579-58 1 


Ethacrynic acid322 


Z 
: 


Wy a; ay;] w 


Z 
nw 


Glucagon-like peptide 1 (GLP-1) receptor agonists (exenatide, liraglutide, 
albiglutide, dulaglutide)430-442,449,453,455-458,460,462-469,47 1-473,476,481 








Ifosfamide2 19,582,583 NK C 
Itraconazole584 NK C 
Lamivudine562,585 C 
Minocycline257,258,261 B 
Olanzapine586-589 NK C 
Omeprazole74,75 NK C 
Orlistat443,590-592 NK C 
Piroxicam178,513 C 
Procamamide593 NK C 
Ribavirin37,424,426,429 NK C 
Stavudine562,594,595 NK c 
Vinblastine23 1 NK C 
Vincristine23 | C 
Zalcitabine562,596 C 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; - 


—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, retrospective stu 
case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level C—evidence from one 
more published case reports or case series. 


EPIDEMIOLOGY 


Drugs are found responsible for pancreatitis in approximately 0.1—5.3% of patients 
who are diagnosed with the disease.~!* Drugs are the cause in 13-30% of 
pancreatitis cases in children.!*-!> Pediatric patients with drug-induced pancreatitis 
have longer hospital stays and are more likely to require parenteral nutrition than 
those where the etiology is not drug-related.!> The incidence of acute drug-induced 
pancreatitis is higher in patients with disease states that predispose to the 
development of pancreatitis, including infection with the human immunodeficiency 
virus (HIV), acquired immune deficiency syndrome (AIDS), renal transplantation 
(immunocompromised patients), and inflammatory bowel disease (autoimmune 
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diseases).”!! Other subgroups with higher incidences include the very young or 
very old and females.!°!? 

A case-control study was conducted at a network of 51 hospitals in Berlin from 
2002 to 2011.'° During this time, 64 of 102 cases of acute pancreatitis were 
determined to be possibly related to drugs, including fenofibrate, formoterol and 
budesonide, ramipril and hydrochlorothiazide, lisinopril, and azathioprine. 

There is a much higher incidence of drug-induced pancreatitis in patients who 
are HIV positive and treated with didanosine.!”?* In contrast, the incidence of 


didanosine-induced pancreatitis is substantially lower in patients without HIV.2>-?> 
Pancreatitis develops 10—20 weeks after initiation of didanosine with an incidence 
of up to 9%,.2021.23,25-41 

Angiotensin-converting enzyme (ACE) inhibitors were implicated as the cause 
of pancreatitis in 209 of 2,749 reports of drug-induced pancreatitis that the World 
Health Organization (WHO) received from 1968 to 1993.7 More recently, over 
300 cases of drug-induced pancreatitis were associated with enalapril or 
captopril. The estimated incidence of ACE inhibitor-associated pancreatitis 
ranges from 0.3% to 1.07%.*+ A retrospective cohort study of 174,824 elderly 
patients prescribed ACE inhibitors reported an incidence of nine per 10,000 
person-years, which was not significantly different from control groups.* Several 
cases of ACE inhibitor and angiotensin II receptor antagonist-induced pancreatitis 
have been reported.*©* Pancreatitis may develop several months after initiation of 
ACE inhibitor therapy and may recur with rechallenge with a latency period 
ranging from 4 to 26 months.°*® Acute necrotizing pancreatitis developed in a 
patient receiving sulindac and hydrochlorothiazide for more than 6 years and 
lisinopril for 1 year and progressed to chronic pancreatitis possibly due to repeated 


subclinical drug-induced acute pancreatitis and a third insult involving lisinopril. 
ACE inhibitors are associated with an increased risk of acute pancreatitis, 
particularly in the first 6 months of therapy, and the risk increases as the daily dose 
increases.°/ 

From 1968 to 1993, the WHO received 127 case reports of pancreatitis 
associated with histamine H, receptor antagonists.°° The association between 
cimetidine and pancreatitis is probable, and there are numerous published 
reports. 4 There is a small number of case reports of pancreatitis associated with 
the use of proton pump inhibitors. At least one case report of omeprazole-induced 
pancreatitis has been published. ’>-’° However, a retrospective case-control study of 
more than 180,000 subjects did not find an increased risk. 

There are at least eight well-documented cases of metronidazole-induced 


pancreatitis.’”"** In these cases, the onset of symptoms ranged from 12 hours to 7 
days after initiation of therapy and resolved after discontinuation of the drug. 
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Several patients experienced recurrence with rechallenge of metronidazole. ’7~’%** 


85 In addition, a population-based case-control study reported a threefold increased 
risk of acute pancreatitis in patients treated with metronidazole.*° 

There are numerous reports of 3-hydroxy-3-methyl-glutaryl-CoA (Hmg-CoA) 
reductase inhibitor- or statin-induced pancreatitis in the literature.*”-?° Meta- 
analyses demonstrate conflicting results.8°°? The risk for pancreatitis does not 
appear to be dose-related.'!” In several case reports, patients receiving statins 
experienced other adverse effects including myalgia or rhabdomyolysis before the 
onset of acute pancreatitis.!°! Drug interactions mediated through CYP3A4 have 
been hypothesized to contribute to the development of statin-induced pancreatitis; 
therefore, statins not metabolized by CYP3A4, such as pravastatin, may present a 
lower risk for drug-induced acute pancreatitis than other statins. Pancreatitis can 
occur at any time but may be more likely after many months of treatment with 
statins. !°! 

Azathioprine and 6-mercaptopurine are potent immunosuppressive agents 
associated with pancreatitis with an incidence of 3.3-5.3%.!0%!29 Several 
epidemiological studies have identified azathioprine as one of the most frequent 
causes of drug-induced acute pancreatitis.!°!*!© The median time to onset of 
pancreatitis after initiation of therapy was 21 days with females at higher risk.!?” 
!23 Case series have documented successful treatment with 6-mercaptopurine after 
azathioprine had been discontinued as a result of acute pancreatitis. !?+!*> A meta- 
analysis determined that approximately one-third of patients are able to tolerate 
mercaptopurine following an episode of azathioprine-induced pancreatitis.!7° A 
small, prospective, open-label study of patients resistant and intolerant to 
azathioprine and mercaptopurine concluded that thioguanine may be an alternative 
treatment as patients who had experienced an episode of pancreatitis with 
azathioprine or 6-mercaptopurine did not develop pancreatitis while receiving 
thioguanine.!*” Genomic studies have attempted to identify genetic variants useful 
in predicting patients at risk for thiopurine-induced pancreatitis. One genome-wide 
study reported an association within the class II HLA region with almost twice the 
risk for homozygotes compared to heterozygotes.'*8 No association was found 
between pancreatitis and thiopurine methyltransferase polymorphisms.!?*!7? A 
variant allele that codes for the enzyme xanthine dehydrogenase was potentially 
associated with an increased risk of pancreatitis compared to the standard 
genotype. !°? 

L-asparaginase induces pancreatitis in 2-18% of patients. There are 
numerous case reports of L-asparaginase-induced pancreatitis with and without 
fatalities.'°*-!>'! Two other preparations have largely replaced L-asparaginase: 
erwinia carotovora-derived L-asparaginase (erwinia L-asparaginase) and 
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polyethylene glycol-L-asparaginase (PEG-asparaginase, Oncaspar). The available 
literature 1s inconsistent and has not established a clear difference in incidence of 
pancreatitis among the three preparations. Some early studies suggested that 
erwinia L-asparaginase was associated with a lower incidence of pancreatitis 
when compared to L-asparaginase, although other studies found no difference.!>!- 
'57 The incidence of pancreatitis associated with PEG-asparaginase is similar to 
that of L-asparaginase, but a few studies suggested that the rate of pancreatitis may 
be higher with PEG-asparaginase.!°°!**-!> The variation in rates across studies 
may be due to differences in criteria used to define and classify acute pancreatitis, 
variation in number of doses, or differences in chemotherapy regimens. !34!5!:!5¢ 
However, these factors have not been found to be predictive of the risk of 
asparaginase-induced pancreatitis. °4!>!15163,165-167 Pancreatitis induced by 
preparations of asparaginase usually occurs during administration of the drug, often 
after just one or a few doses. !9%.!38.149,166-169 Pancreatitis may occur during any 
phase of chemotherapy, and cases of pancreatitis have been reported as long as 16 
weeks after therapy has been discontinued.*!7!.!54.!56!66 Fatalities have been rarely 
reported as a result of asparaginase-associated pancreatitis in recent studies, which 
may reflect improved supportive care measures.!**+!°” Rates of recurrence with 
rechallenge have ranged from 0% to 63%. !34156.157,167 


Pancreatitis secondary to hypercalcemia occurs in up to 7% of patients.!7°!7! 


Pancreatitis has been associated with intravenous calcium administration, total 
parenteral nutrition, and over-the-counter antacids containing calcium 
carbonate.!’"!”© Hypercalcemia-related pancreatitis is more common in patients 
who have undergone renal transplantation, with an approximate incidence of 
11.0 

The incidence of pancreatitis induced by nonsteroidal anti-inflammatory drugs 


(NSAIDs) appears low. In a population-based study of over 100,000 users of 
piroxicam, naproxen, or diclofenac, only one case of pancreatitis occurred (in a 
patient receiving piroxicam).!’* In contrast, there are numerous reports of sulindac- 
induced pancreatitis, including reports of recurrence after rechallenge.!’?!*° 
Reports suggest pancreatitis develops within 2 weeks to 9 months following 
initiation of sulindac therapy; however, a latency period of up to 5 years also has 


been reported.%!86.187 


Rare, acute pancreatitis has been reported with acetaminophen overdose. !*8-!° 


In a retrospective review of 814 acetaminophen overdoses, hyperamylasemia was 


frequent, but acute pancreatitis rarely occurred.!°’ A poor prognosis was 
associated with higher serum amylase concentrations. 


Salicylate-induced pancreatitis has been reported, particularly in association 
with poisoning or aspirin desensitization.'!°*?” Pancreatitis has been reported in 
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association with the salicylate derivatives sulfapyridine and sulfasalazine.7°!!> In 


a retrospective analysis of serious adverse events, pancreatitis was reported seven 
times more frequently with mesalamine than sulfasalazine.*!° In a retrospective 
study, inflammatory bowel disease patients who received mesalamine and 
sulfasalazine did not show an increased risk of pancreatitis.7!’ 

Cisplatin, cytarabine, ifosfamide, paclitaxel, docetaxel, oxaliplatin, 
capecitabine, and the vinca alkaloids have been associated with pancreatitis, but 
the incidence is unknown.7!*-?** Many cases of drug-induced pancreatitis have been 
reported during concurrent cytarabine and L-asparaginase administration. In one 
study, pancreatitis developed within 10 days of cytarabine and recurred with a 
rechallenge.”** The lack of data from case-control studies or population-based 
studies makes it difficult to estimate the incidence of pancreatitis associated with 
these chemotherapeutic agents. |! 

In the 1950s, corticosteroids became the first drugs to be implicated in drug- 
induced pancreatitis. Steroids and adrenocorticotropic hormone (ACTH) accounted 
for 45.5% of the cases of reported drug-induced pancreatitis in the literature as of 
1977.7! Recurrences of pancreatitis have been reported following patients’ re- 
exposure to steroids, including cases in which patients received intra-articular 
corticosteroid injections.7*°°“4 A population-based case-control study 
demonstrated an increased risk of acute pancreatitis in patients receiving oral 
glucocorticoids and suggested the risk is highest 4-14 days after the drug is 
dispensed.?*° 

In 1963, the first case of sulfonamide-induced pancreatitis was reported.?*° 
More recently, there have been three reported cases of pancreatitis secondary to 
trimethoprim—sulfamethoxazole in which the disease developed within 5 days to 10 
weeks after the initiation of therapy.7°774724 

Tetracycline-induced pancreatitis has been reported in patients with and 
without underlying liver disease.*°°*°° Two reports of minocycline-induced 
pancreatitis and two reports of doxycycline-induced pancreatitis have been 
published.7°”7 A population-based case-control study identified a 60% increased 
risk of acute pancreatitis among current users of tetracycline antibiotics with 
doxycycline being the most commonly prescribed.*°! Tigecycline, an agent related 
to the tetracyclines, has been implicated in drug-induced pancreatitis in four case 
reports with the onset ranging from 7 to 14 days.*°*-? A retrospective cohort study 
of the U.S. Food and Drug Administration (FDA) Adverse Event Reporting System 
(FAERS) identified 62 cases of tigecycline-associated pancreatitis with females 
being at higher risk.7°/ 

A number of cases—the majority in the HIV/AIDS population—of aerosolized 
and injectable pentamidine-induced pancreatitis have been documented, including a 
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report of recurrence after rechallenge.***°*?*? Pancreatitis secondary to 
pentamidine typically occurs in the second week of treatment and resolves within 
10 days after discontinuation, although there have been some reports of persistent 
pancreatitis following discontinuation. This may be explained by the lipophilic 
properties of pentamidine and/or a cumulative dose effect on the pancreas.?”47”° In 
a report of five cases of pentamidine-induced pancreatitis, all patients experienced 
episodes of hypo- or hyperglycemia, and four of the five also developed sepsis.7”° 
Glucose abnormalities, renal insufficiency, nonspecific abdominal pain, and 
nausea/vomiting after initiation of pentamidine may be early warning signs of 
pancreatitis.2°° 

At least one case report supports a probable association between pancreatitis 
and ampicillin.2** The patient developed pancreatitis 6 days after initiation of 
therapy, recovered 5 days after discontinuation, and relapsed 4 days after 
ampicillin therapy was reinstituted. 

One case report of ciprofloxacin, potentially involving recurrent episodes 18 
months apart, has been published.7® In a single-center study, 3.1% of patients 
developed acute pancreatitis within an average of 5.5 days of receiving 
ciprofloxacin.**° 

Isoniazid-induced pancreatitis has been reported in 12 cases, eight of which 
were confirmed by rechallenge.78”?°8 Isoniazid-associated acute pancreatitis 
typically has a median onset of 16 days after starting therapy and consistently 
recurs earlier, with a median onset of 9.4 days after rechallenge.7®* 

The incidence of methyldopa-induced pancreatitis is unknown. Symptoms of 
methyldopa-induced pancreatitis generally occur within 1 week after initiation of 
therapy.?”’° Patients typically recover without sequelae; however, a patient in 
one report developed chronic pancreatitis.°>"” 

There are numerous reports of estrogen-induced pancreatitis (with and without 
concomitant progesterone therapy).*°->" Estrogen-induced pancreatitis begins 2— 
78 weeks after the initiation of therapy, and symptoms usually resolve 
approximately 10 days after discontinuation of estrogen.** Additionally, there is at 
least one case report of clomiphene (an estrogen agonist/antagonist) -induced 
pancreatitis in the literature.*!° Despite the case reports of estrogen-induced 
pancreatitis, a population-based case-control study did not find an association 
between pancreatitis and postmenopausal hormone therapy.*'! However, a 
retrospective study of 70 women found that estrogen use was associated with 
increased risk of pancreatitis.>!* 


Several cases of furosemide-induced pancreatitis have been reported.?!3-3° 


Doses ranged from 40 mg to 1,000 mg daily, and symptoms typically occurred 


1637 


within 2-5 weeks after initiation of therapy.?? Additionally, other loop diuretics 
(bumetanide and ethacrynic acid) have been associated with pancreatitis.>!732!322 

Chlorothiazide, hydrochlorothiazide, and chlorothalidone have all been 
reported to cause pancreatitis, which has developed from 2 weeks up to | year or 
more after initiation of therapy.*7>-?>/ 

Acute pancreatitis associated with valproic acid was first recognized in 1979, 
and since then there have been many case reports involving both adults and 
children.°38"3/* The estimated incidence is one in 40,000.°”> The onset of 
pancreatitis with valproic acid may occur as early as | week or as long as several 
years after therapy has been initiated, although it most commonly occurs during the 
first year of therapy.*°? In a retrospective case-controlled trial, the risk of 
pancreatitis with valproic acid was similar to the risk with other antiepileptic 
agents.°”° Valproic acid-induced pancreatitis is more common in patients requiring 
higher doses, those receiving polytherapy, and those with chronic encephalopathies 
or on hemodialysis.°”* Fatalities secondary to valproic acid-induced pancreatitis in 
children have been reported.?7’ 

There are at least five case reports of drug-induced pancreatitis associated with 
carbamazepine.*/*>*? In one of the reports, an initial episode of pancreatitis 
occurred 6 weeks after initiating therapy with carbamazepine, resolved when 
carbamazepine was discontinued, and recurred within 48 hours of a rechallenge.*”” 

There are at least seven case reports of drug-induced pancreatitis with 
clozapine.*°>**° In two of these reports, pancreatitis resolved when the drug was 
withdrawn and recurred when therapy was reinitiated.**°* Other reports describe 
a syndrome of “asymptomatic pancreatitis” (characterized by hyperamylasemia) 
and eosinophilia induced by clozapine (although asymptomatic hyperamylasemia is 
usually not considered diagnostic for pancreatitis).°”°°”! 

There are at least eight reports of acute pancreatitis associated with 
tamoxifen.’ Five reports noted that patients had a history of dyslipidemia.*?* 
395,397,398 Because hypertriglyceridemia is associated with pancreatitis, tamoxifen’s 
effect on triglycerides may contribute to pancreatitis risk. In one report, a patient 
who experienced pancreatitis while receiving tamoxifen alone was restarted on 
tamoxifen with a concomitant fibrate and did not experience recurrence during 3 
years of follow-up.°”? The development of pancreatitis is delayed and variable 
ranging from 4 to 24 months. 

Reports have associated tyrosine kinase inhibitors, sorafenib, axitinib, 
sunitinib, and nilotinib with drug-induced pancreatitis.40°“°* One report describes 
a patient who experienced acute pancreatitis 10 days after initiating sorafenib 
therapy. After the drug was discontinued and the patient recovered from the acute 
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episode, therapy with sunitinib was initiated. The patient remained on sunitinib 
without recurrence of pancreatitis for 20 months before being lost to follow-up.4” 

There are at least four case reports of patients experiencing drug-induced 
pancreatitis within 2-7 days after receiving bortezomib.**!* In two of these 
cases, rechallenge resulted in recurrence within hours.*!!4!2 

Pancreatitis has been reported to develop 2 weeks after administration of 
vermurafenib with recurrence following rechallenge.*!> In an open-label, 
multicenter study of 3,222 patients, three patients developed pancreatitis judged to 
be caused by vemurafenib.*!* In 2015, Health Canada approved updated labeling 
for vemurafenib to include a warning regarding the risk of pancreatitis.*!° The 
agency further reported that the cases generally occurred in the first 2 weeks of 
treatment. 

There are at least nine reports of pancreatitis associated with brentuximab 
vedotin in the literature.4!°*!7 Two fatalities were reported as a result of 
progressive multiorgan dysfunction as a consequence of pancreatitis.4!’ The median 
time to onset of pancreatitis was 26 days from initiation of therapy and 12 days 
from the most recent dose, with all cases occurring by the third cycle of therapy. 
One of three patients rechallenged with brentuximab vedotin experienced a 


recurrent episode of pancreatitis.t'°*!” In one case, an additional six cycles of 
therapy were administered without recurrence.*!° 


Case reports have associated pancreatitis with interferon alfa, both the standard 
and pegylated preparations, when used as monotherapy and in combination with 
ribavirin.*!*-4> Two of these case reports describe recurrence of pancreatitis after 
rechallenge with interferon alfa-2b.*!° A retrospective review of 1,706 chronic 
hepatitis C-infected patients treated with interferon-alfa and ribavirin found that 
acute pancreatitis occurred in seven patients after a median duration of therapy of 
12 weeks.*”° Pancreatitis resolved rapidly in all seven patients, and none had 
recurrent pancreatitis during a median follow-up of 18 months. The package inserts 
for pegylated interferon alfa-2a, pegylated interferon alfa-2b, and ribavirin contain 
warnings about the risk of pancreatitis and advise withholding or discontinuing 
therapy in cases of suspected pancreatitis.7/’? The package inserts for both 
pegylated interferon formulations note that pancreatitis, including fatal cases, has 
been observed.*?/478 


Although there are numerous reports of drug-induced pancreatitis associated 
with the incretin-based therapies including the glucagon-like peptide 1 (GLP-1) 
receptor agonists and the dipeptidyl peptidase 4 (DPP-4) inhibitors used to treat 
type 2 diabetes mellitus, the association is controversial due to conflicting 
published information and because patients with type 2 diabetes mellitus have up to 


1639 


a threefold higher risk of developing acute pancreatitis compared to nondiabetic 
contols.4°? 

There are at least 19 case reports in the literature of pancreatitis associated 
with incretin-based therapies.**!“4® In 2007 and 2008, the FDA issued alerts 
concerning postmarketing reports of 30 cases of acute pancreatitis and six cases of 
hemorrhagic or necrotizing pancreatitis in patients taking exenatide.*” In 2009, the 
FDA issued an alert regarding 88 cases of acute pancreatitis including two cases of 
hemorrhagic or necrotizing pancreatitis in patients taking sitagliptin. As a result, the 
FDA encouraged manufacturers to warn about the risk of pancreatitis.°°*? 


In one analysis of reports in the FAERS, pancreatitis was found to occur greater 
than six times more frequently in patients receiving exenatide (OR 10.68, 95% CI 
7.75-15.1, p <10-!°) or sitagliptin (OR 6.74, 95% CI 4.61-10.0, p <107!®) than 
those receiving other antidiabetic therapies.’ The Institute for Safe Medication 
Practices conducted another analysis of the FAERS data and also reported an 
increased risk with incretin-based therapies compared to other antidiabetic agents 
used to treat type 2 diabetes.4* An analysis of the Italian Spontaneous ADR 
(adverse drug reaction) database likewise noted a higher incidence of pancreatitis 
associated with incretin-based therapies compared to other hypoglycemic agents 
(excluding insulin).*° Conversely, at least 12 observational studies of data 
extracted from large insurance claims databases and national registries conducted 
to date failed to identify an increased risk of pancreatitis associated with the use of 
incretin-based therapies, and multiple meta-analyses have assessed the available 
literature and not identified an increased risk of pancreatitis associated with 
incretin-based therapies compared to control populations receiving placebo or 
other antidiabetic therapies.3°>°476 


A population-based matched case-control study using a large administrative 
database in the United States found that the risk of hospitalization for acute 
pancreatitis was increased with current or recent past exposure to exenatide or 
sitagliptin.*”’ Three large randomized controlled studies evaluated pancreatitis as a 
safety outcome in more than 18,000 patients exposed to the DPP-4 inhibitors 
saxagliptin, alopgliptin, and sitagliptin.4/**°° These studies showed that cases of 
acute pancreatitis were rare; however, they generally occurred more often in the 
exposed groups, but the differences were not significant. In a 56-week trial of 
3,731 patients without type 2 diabetes, 0.4 pancreatitis events per 100 patient/years 
at risk was reported in the liraglutide group and <0.1 pancreatitis events per 100 
patient/years at risk was reported in the placebo group.**! There is the potential for 
confounding factors, including the presence of gallstones in 55% of the cases. 


In 2014, FDA and the European Medicines Agency released a joint report that 
causal association between incretin-based drugs and pancreatitis is inconsistent 
with the current data; however, a final conclusion had not been reached.**2 
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Notwithstanding this joint report, pancreatitis will continue to be considered a risk 
associated with these drugs and that risk is reflected in the current product 
information and labeling. All incretin-based therapies currently on the market 
contain warnings pertaining to pancreatitis, recommend immediate discontinuation 
of treatment when pancreatitis is suspected, and cautious use (or use of alternative 
therapy) in patients with a history of pancreatitis.4°!4° 


There are isolated reports of amiodarone-induced pancreatitis.4°°-+*° A recent 
nested case-control study using a large database of U.S. health insurance claims 
found an association between amiodarone (but not other antiarrhythmic agents) and 
increased risk of acute pancreatitis in patients treated for nonvalvular atrial 
fibrillation.*°° The greatest risk was detected in the first 12 months after therapy 
was initiated. 


There are at least four case reports of pancreatitis induced by the thioamide 
drugs methimazole and carbimazole, a prodrug of methimazole available outside of 
the United States.**”4"° All cases reported onset of symptoms within the first month 
of therapy. Rechallenge was attempted in three cases and recurrence of symptoms 
with an onset within 24 hours was noted each time.**”48°4% In two of the four 
reports, the patients presented with concomitant mild cholestatic hepatitis, and in 
one of the cases the patient was further diagnosed with erythema nodosum.*°48° 


MECHANISMS 


Drugs may induce pancreatitis through several possible mechanisms, including 
pancreatic duct hypertension secondary to intraluminal or extraluminal duct 
blockage and increased viscosity of pancreatic fluid leading to peripheral duct 
rupture and proenzyme release.’ In addition, animal data have shown that reduced 
exocytosis and premature fusion of zymogen granules to lysosomes in pancreatic 
exocrine cells may activate pancreatic proenzymes and lead to cellular 
autodigestion. Drugs could play a role in this process. Predisposition to infection 
through immunosuppression may also be involved in pancreatitis caused by drugs 
such as corticosteroids and other immunosuppressants.* Table 39-2 lists additional 
mechanisms that have been proposed for drugs known to be associated with 
pancreatitis. 


ANTIMICROBIAL AGENTS 


Metronidazole-induced pancreatitis may occur as a result of a redox cycling 
reaction that occurs under aerobic conditions and yields hydrogen peroxide and 
other oxygen-free radicals.°!*°.8449!4% These redox active compounds are toxic to 
pancreatic B-cells and cause pancreatitis in animal models. Other suggested 
mechanisms for metronidazole-induced pancreatitis include an immune-mediated 
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inflammatory response, pancreatic duct constriction, and metabolic effects.°!*? The 
mechanism of tetracycline-induced pancreatitis is not completely understood; 
however, it may be related to a toxic metabolite of tetracycline, tetracycline- 
induced hypertriglyceridemia, or a high biliary concentration.2°!?4?°4 The 
precise mechanism of pentamidine-induced pancreatitis 1s not known, but animal 
studies suggest a direct toxic effect on the pancreas.** Pentamidine is known to 
cause both hypoglycemia and hyperglycemia, which is possibly due to damaged 
pancreatic B-cells.” 


ESTROGEN 


A possible mechanism of estrogen-induced pancreatitis 1s hyperlipidemia, a well- 
known cause of pancreatitis. Glueck et al. reported that 12 of 31 women with 
hypertriglyceridemia were receiving estrogen replacement therapy, and four of 
these 12 developed pancreatitis.*° However, patients without elevated serum lipid 
concentrations receiving estrogens have also developed pancreatitis, suggesting 
that hypertriglyceridemia may not be the only factor in estrogen-induced 
pancreatitis.*°* Another proposed mechanism involves pancreatic necrosis induced 
by a hypercoagulable state. !?! 


Table 39-2 Mechanisms of Drug-Induced Pancreatitis 


Drug Mechanism(s) 
ACE mhibitors (captopril, Bradykinin-induced inflammation; autoantibodies 
enalapril lisinopril) 


5-acetylsalicylic acid 


Asparginase 


Azathioprine/6-mercaptopurine 
(MP) 


Brentuximab vedotin 
Codeine 
Didanosine 


Erythromycin 


Estrogen 


Furosemide 


Immune-mediated reaction 


Inhibition of protein synthesis through the hydrolysis of the amino acid L- 
asparagine 


Allergic reaction (type II or type IV to 6MP) and/or direct toxic effect 


Potentially unintended targeting of low-level pancreatic CD30 
Unknown (potentially constriction of the sphincter of Oddi) 
Hypersensitivity or mitochondrial toxicity 


May cause spasm of the sphincter of Oddi, leading to abrupt pancreatic-duct 
hypertension and pancreatitis 


Unknown (potentially hyperlipidemia or pancreatic necrosis induced by a 
hypercoagulable state) 


Direct toxic effect, diuretic-induced pancreatic stimulation, hypersensitivity 
from an immunologic response against a drug-protein adduct, and/or 
ischemia related to impaired pancreatic blood flow due to volume 
contraction 
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Hydrochlorothiazide 


Interferon a 


Isoniazid 
Methyldopa 


Metronidazole 


Pentamidine 


Statins (atorvastatin, fluvastatin, 
lovastatin, pravastatin, 
simvastatin) 


Sulfonamide (sulfamethoxazole) 
Sulindac 
Tamoxifen 


Tetracycline 


Tyrosine kinase inhibitors 


Valproic acid 


Vemurafenib 


Increased serum calcium leads to calculi in the pancreatic ducts; direct toxic 
effect secondary to increased parathyroid hormone levels or increased 
calcium levels may accelerate the conversion of trypsinogen to trypsin 
causing pancreatitis; and/or thiazides lead to hypotension and pancreatic 
ischemia 


= 


Jnknown (potentially immune system stimulation leading to autoimmune 
destruction of the pancreas) 


= 


Jnknown (potentially hypersensitivity) 


eo 


nknown 





Gc 


Jndergoes redox cycling reaction yielding hydrogen peroxide and other 
oxygen-free radicals—toxic to pancreas 


Other suggested mechanisms: immune-mediated inflammatory response, 
pancreatic duct constriction, metabolic effects 


Direct toxic effect on the pancreas 


Immune-mediated inflammatory response, metabolic effect, or direct cellular 
toxicity 

Other suspected mechanisms: associated with rhabdomyolysis, myalgia, 
and/or metabolism or drug interactions through cytochrome P-450 3A4 


Hypersensitivity 
Hypersensitivity 
Increased triglycerides, cytotoxic injury 


Unknown (potentially toxic metabolite, hypertriglyceridemia, high biliary 
concentration) 


Effects on vascular endothelial growth factor; decreased gastromtestinal 
motility 


Hypersensitivity 


Possibly induces proliferation of cells leading to obstructive pancreatitis 


THIAZIDE DIURETICS 


Thiazides may have a direct toxic effect on the pancreas.*** Additionally, thiazides 
are known to cause hypercalcemia and hypophosphatemia, conditions present in 
patients with primary hyperparathyroidism, which is a disease known to increase 
the risk of pancreatitis.>*> Increased serum concentrations of parathyroid hormone 
may be present in patients treated with thiazide diuretics and can result in 
pancreatitis.*74°7° Additionally, elevated serum calcium concentrations may lead to 
calculi within the pancreatic ducts and/or may accelerate the conversion of 
trypsinogen to trypsin, causing pancreatitis.4°> It has also been suggested that 


thiazides may cause pancreatitis as a result of thiazide-induced hyperlipidemia 
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or that thiazide-induced reductions in blood pressure may lead to pancreatic 
ischemia.! 


ANTI-INFLAMMATORY AGENTS 


Sulfasalazine-induced pancreatitis may occur due to an immune-mediated or 
p ¥ 
allergic reaction.296497 


VALPROIC ACID 


Pancreatitis associated with valproic acid may be related to a hypersensitivity 
reaction and recurs after rechallenge with the drug.****” It has been theorized that 
valproic acid may cause depletion of the free-radical scavengers superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase, resulting in an 
excess of free radicals that may promote endothelial permeability and lipid 
peroxidation, ultimately leading to tissue damage.4?°> 


L-ASPARAGINASE 


L-asparaginase—induced pancreatitis may occur as a result of inhibition of protein 
synthesis through hydrolysis of the amino acid L-asparagine. !©°°°!°3 Organs with 
high protein synthesis rates, such as the liver and pancreas, are more severely 
affected. The presence of glutaminase or an endotoxin cannot be excluded as a 
mechanism because L-asparaginase is extracted from Escherichia coli.” 
Genetic predispositions are likely to play a role. 


ACE INHIBITORS 


ACE inhibitors increase serum bradykinin concentrations, and bradykinin acts as a 
mediator of inflammation that may lead to localized angioedema and obstruction of 
pancreatic ducts.!°'° Bradykinin has also been found to increase vascular 
permeability in early-stage pancreatitis induced by cerulein..°’ Bradykinin 
antagonists such as HOE-140 have been shown to have a protective role in 
pancreatitis.’ Drugs may cause local pancreatic angioedema, obstructing the 
pancreatic duct and causing enzymes and other toxic substances to be trapped 
within the pancreas. This leads to tissue damage and is a likely cause of acute 
pancreatitis that occurs rapidly after drug initiation.!°'°° Other possible 
mechanisms are ACE inhibitor-induced hypoglycemia resulting in toxic effects on 


the pancreas and the effects of combined toxins, including ACE inhibitors and 


alcohol 46,510,511 
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Animal studies suggest that ACE inhibitors may increase pancreatic secretion 
as a possible or contributing mechanism.*’ Another theory is that ACE inhibitors 
induce the formation of autoantibodies, which then attack pancreatic cells.*° Both 
captopril and enalapril have been found to induce the production of autoantibodies 


in many tissues, including the pancreas.>!? 


CLOZAPINE 


The mechanism by which clozapine induces acute pancreatitis 1s unknown. 
Clozapine may have exocrine and possibly toxic effects on the pancreatic and 
salivary tissues, or clozapine-induced pancreatitis may occur as a result of an 
allergic reaction.**4> 


AISTAMINE-2 (Hy) RECEPTOR ANTAGONISTS 


This class of drugs may affect pancreatic secretory stimuli through reduction of 
gastric and duodenal acidity and/or may cause pancreatitis through an idiosyncratic 


reaction.» 


NSAIDs AND ACETYLSALICYLIC ACID 


The probable mechanism of acetylsalicylic acid (ASA)- or NSAID-related 
pancreatitis is inhibition of prostaglandins that may cause pancreatic duct 
constriction.>>!> Aspirin has been shown to increase pancreatic duct permeability 
in animals.>!4>!> Administration of intravenous aspirin increases calcium secretion 
from the pancreas, which is considered a marker of pancreatic damage.°!® 
Experimental studies suggest that prostaglandins may have a protective effect on 
pancreatic cells. Administration of prostaglandin E, in a mouse model of 


experimental pancreatitis was associated with an improved survival rate compared 
with the 100% mortality reported in controls. Membrane stabilization of pancreatic 
cells may be the mechanism behind the cytoprotection conferred by 
prostaglandins.°!’ A proposed mechanism for sulindac-induced pancreatitis is 
metabolite deposition in biliary epithelial cells and inhibition of canalicular bile 
transport, leading to hypercholoresis.© 


CALCIUM 


It is possible that hypercalcemia induces chronic pancreatic exocrine secretion 
changes that may affect ductal epithelium’! Intracellular calcium in pancreatic 
zymogen granules is important in the maintenance of granule stability, and factors 
disrupting this delicate balance may contribute to calcium-induced pancreatitis.°!® 
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CORTICOSTEROIDS 


Corticosteroids may induce pancreatitis through toxic effects, immune suppression, 
or increased viscosity of pancreatic fluids.'”! The viscosity of pancreatic 
secretions was greater in steroid-treated glands in an ex vivo study of perfused 
canine pancreas exposed to high doses of methylprednisolone.*!? Steroids stimulate 
both exocrine and endocrine pancreatic secretions, which may contribute to the 
development of drug-induced pancreatitis.*”° 


STATINS 


The exact mechanism of statin-induced pancreatitis is unclear. Some hypothesized 
mechanisms include immune-mediated inflammatory response, a metabolic effect, 
and direct cellular toxicity.5* The propensity of the statins to cause pancreatitis may 
differ based on their inhibitory effects on cytochrome P450 and their lipophilicity. 
Other possible mechanisms of statin-induced acute pancreatitis involve 
rhabdomyolysis and drug interactions or changes in metabolism that may alter the 
pharmacokinetics of the agents. !7! 


TYROSINE KINASE INHIBITORS 


The mechanism of tyrosine kinase inhibitor-induced acute pancreatitis is not well 
understood, but possible explanations include effects on vascular endothelial 
growth factor (VEGF) and gastrointestinal motility.4°°*°> The inhibition of VEGF 
may cause ischemia of the pancreatic tissue, increasing the risk of pancreatitis.°*! 
VEGF may also play a role in regulating the cell cycle of acinar cells; therefore, 
inhibition of VEGF may lead to acinar cell apoptosis and the release of 
autodigestive enzymes.*°493 Tyrosine kinase inhibitors may decrease 
gastrointestinal motility, leading to reflux of the duodenal contents into the 
pancreatic duct and premature activation of pancreatic acinar cell digestive 
enzymes, leading to autodigestion.*0°4” 


TAMOXIFEN 


The exact mechanism for tamoxifen-induced pancreatitis is unclear but may be 
related to increased synthesis of triglycerides, leading to the presence of numerous 
chylomicrons in the blood that may obstruct capillaries, leading to pancreatic 
ischemia. Additionally, the degradation of triglycerides to free fatty acids by 
pancreatic lipases may lead to cytotoxic injuries that increase inflammatory 
mediators.°”” 
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INCRETIN-BASED THERAPIES 


The mechanism of pancreatitis induced by incretin-based therapies is unknown. 
One theoretical model has proposed that the agents could have effects on the 
exocrine pancreas resulting in amplification of pancreatic ductal replication. This 
could lead to overgrowth of cells lining the smaller ducts and a resultant partial 
obstruction, which increases the risk for low-grade pancreatitis and may 
predispose the patient to acute pancreatitis.*” 


THIOAMIDES 


The mechanism of thioamide-induced pancreatitis is unknown and hypersensitivity 
reactions, direct toxic effects, and autoimmune reactions have all been 
considered.*8’ The development of pancreatitis within 1 month of therapy initiation 
and rapid recurrence with rechallenge supports a hypersensitivity mechanism 
possibly due to the sulfhydryl group.*°8-4”° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The clinical presentation of drug-induced pancreatitis is similar to that of acute 
pancreatitis secondary to other causes.* Table 39-3 summarizes the usual signs and 
symptoms associated with drug-induced pancreatitis. Typically, patients with acute 
pancreatitis present with abdominal pain, nausea, vomiting, abdominal distention, 
and low-grade fever. The presentation may also include pain that radiates to the 
back, hypotension, mental aberrations, and jaundice. Complications may include the 
development of pancreatic abscess, pseudocyst formation, and the development of 
subcutaneous fat necrosis and bluish discoloration of the abdominal wall.°72 


Table 39-3 Signs and Symptoms Associated with Drug-Induced 


Pancreatitis! 


¢ Abdominal distention (75%) 
¢ Abdominal pain (95%) 

* Hypotension (30%) 

¢ Jaundice (20%) 

* Low-grade fever (75%) 

* Mental aberrations (25%) 

* Nausea/vomiting (80%) 

¢ Pain radiating to back (50%) 





1647 


Diagnosis is usually based on clinical and laboratory data. Laboratory 
parameter abnormalities that may occur in patients with drug-induced pancreatitis 
include leukocytosis, hyperglycemia, hypoalbuminemia, mild hyperbilirubinemia, 
elevated blood urea nitrogen and serum creatinine concentrations, elevated 
hemoglobin, elevated hematocrit, hypocalcemia, thrombocytopenia, and 
prolongation of prothrombin time and international normalized ratio (INR).! Serum 
amylase concentrations usually increase within 24 hours of the onset of symptoms 
and will return to normal over a period of several days. Persistent elevation in 
serum amylase concentrations is suggestive of extensive pancreatic necrosis and/or 
related complications. Serum amylase concentrations do not correlate with severity 
of disease or etiology. In contrast, lipase originates in the pancreas, making it a 
more specific marker for pancreatitis than serum amylase. Elevations in serum 
lipase concentrations persist longer than those of serum amylase concentrations. 
Imaging techniques such as ultrasound may be indicated in patients with suspected 
biliary involvement. Contrast-enhanced computerized tomography (CECT) may be 
useful in determining severity of the inflammatory process, and it also provides an 
estimate of risk for systemic and local complications.***>7+ Some literature has 
asserted that a mean peak C-reactive protein value is significantly lower in drug- 
induced acute pancreatitis than in pancreatitis from other causes; therefore, careful 
search for an adverse drug reaction is appropriate in patients with acute 
pancreatitis of unknown cause and a low peak C-reactive protein level.°*° 


As the clinical presentation of drug-induced pancreatitis is similar to that of 
pancreatitis due to other causes, drug-induced pancreatitis is usually diagnosed 
after other more common etiologies have been ruled out. A careful medication 
history including prescription and nonprescription medications as well as herbal 
supplements should always be done and will be helpful in differential diagnosis. 
Most commonly, acute pancreatitis occurs secondary to alcohol ingestion or 
cholelithiasis. Less common etiologies include abdominal trauma, toxins, 
hyperlipidemia, pancreatic tumor, complications of surgery, infection, and vascular 
abnormalities.°*° Endoscopic retrograde cholangiopancreatography (ERCP), which 
is used to diagnose pancreatitis, can also, ironically, cause pancreatitis in up to 
40% of patients who undergo the procedure.°”’ A recent single-center cohort of 318 
patients undergoing ERCP procedures evaluated risk factors for post-ERCP 
pancreatitis and found that use of Badalov Class I or II drugs during the prior month 
was associated with an increased risk of post-ERCP pancreatitis.-7° Table 39-4 
lists conditions to consider in the differential diagnosis of drug-induced 
pancreatitis. 


Table 39-4 Conditions to Consider in the Differential Diagnosis 
PA) 


of Drug-Induced Pancreatitis 
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¢ Abdominal trauma 
* Cholelithiasis 
¢ Drugs 
¢ Endoscopic retrograde cholangiopancretography 
* Hyperlipidemia 
* Infection 
¢ Pancreatic tumor 
Surgery 
* Toxins 


With drug-induced pancreatitis, the time from initiation of therapy to the onset 
of pancreatitis symptoms varies depending on the causative drug. No 
generalizations can be made, and for most drugs, pancreatitis can occur from within 
a short time after administration of the first dose to years after therapy begins. 


Rink 2OCIORS 


Risk factors for drug-induced pancreatitis are presented in Table 39-5. Any disease 
state that predisposes patients to hypercalcemia, such as hyperparathyroidism, 
malignancy, thyrotoxicosis, or multiple myeloma, as well as circumstances such as 
hard-water syndrome, tumor lysis syndrome, and cholecalciferol overdose increase 
the risk of drug-induced pancreatitis.7°°??->*4 In addition, the risk for drug-induced 
pancreatitis is increased in patients receiving a drug with a definite or probable 
association with pancreatitis for management of a disease state that is also 
independently associated with pancreatitis.-°> For example, immunosuppression 
increases the risk of infection, infectious processes are often associated with 
pancreatitis, and patients with disease states associated with immunosuppression, 
such as renal transplantation or HIV/AIDS, have an increased incidence of drug- 
induced pancreatitis.? Autoimmune diseases such as inflammatory bowel disease 
have also been linked to pancreatitis, and patients with these conditions are at 
increased risk of developing drug-induced pancreatitis when treated with drugs that 
have definite or probable associations with the disease.?>”° 





Table 39-5 Risk Factors for Drug-Induced Pancreatitis 


¢ Autoimmune disease 
o Crohn disease 
¢ Drug-induced 
o Idiosyncratic reaction—large number of risk factors are unknown 
* Female sex 
* Hypercalcemia 
o Cholecalciferol overdose 
o Hard-water syndrome 
o Hyperparathyroidism 
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Malignancy 
Multiple myeloma 
Thyrotoxicosis 

o Tumor lysis syndrome 
* Hyperlipidemias 

o Concurrent estrogen therapy 
¢ IJmmunosuppression 

o HIV/AIDS 

o Renal transplantation 
* Pediatric patients 


oo °0 


AIDS = acquired immunodeficiency syndrome, HIV = human immunodeficiency virus. 


Specific risk factors for didanosine-associated pancreatitis in the AIDS 
population have been identified. These include severity of HIV disease (CD4 count 
<200 cells/uL), didanosine dose >9.6 mg/kg/d, drug-related hyperlipidemia, 
therapy >10 weeks in duration, previous history of pancreatitis, concomitant 
alcohol use, and concomitant use of pentamidine.”°*>>?7 Additionally, concomitant 
use of other drugs known to cause pancreatitis, particularly pentamidine, 
hydroxyurea, or stavudine increases the risk of didanosine-induced 
pancreatitis.°293> Ribavirin should be used with extreme caution in patients 
receiving didanosine due to the risk of fatal lactic acidosis and pancreatitis.*’ 
Previous exposure to didanosine is a risk factor for developing pentamidine- 
induced pancreatitis.7° 


MORBIDITY AND MORTALITY 


Drug-induced pancreatitis may be mild to severe. The majority of patients recover 
without any long-term morbidity, but 5—15% of patients experience life-threatening 
complications, with a majority of severe complications occurring within 48 hours 
of onset. Approximately 3-13% of acute pancreatitis cases develop into chronic 
pancreatitis.'°' A retrospective study including data from 43 German centers of 
gastroenterology found that the majority of drug-induced pancreatitis cases run a 
benign course; no patients experienced pseudocyst development or required 
mechanical ventilation.” However, the mean hospital stay was 25.5 days. Of all 
cases of suspected drug-induced pancreatitis reported to the Danish Committee on 
Adverse Drug Reactions from 1968 to 1999, 68% required hospitalization for 
treatment, with a 9% mortality rate.° Another Dutch study reported a 15% mortality 
rate associated with drug-induced pancreatitis. 

Ranson’s criteria may be used to assess the severity of an episode of drug- 
induced pancreatitis and may be used to predict mortality (Table 39-6).!°!>”* The 
presence of three or more of these criteria indicates a more severe disease with a 
higher risk of mortality. Severe acute pancreatitis is associated with an Acute 
Physiology and Chronic Health Status Evaluation (APACHE) score >8, associated 
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organ failure, or >30% pancreatic necrosis viewed on computerized tomography 
scan, and with a Ranson’s score >3.°*’ There have been fatalities in case reports of 
pancreatitis associated with many drugs, with a seemingly higher incidence of 
mortality in patients with pancreatitis due to azathioprine, didanosine, furosemide, 
or hydrochlorothiazide. Many fatal cases with azathioprine occur after renal 
transplantation, and most didanosine-related cases occur in AIDS patients, in which 
the incidence of pancreatitis is greater.” In severe cases, circulatory, pulmonary, 
and renal complications may occur and ultimately result in death.°” 


Table 39-6 Severity of Pancreatitis Based on Ranson’s 





Criteria!91,522 

At Hospital Admission or During First 48 Hours After 
Diagnosis* Admission or Diagnosis* 

* Age >55 years ¢ Fallin hematocrit of >10% (absolute %) 

* WBC >16,000 dali * Rise in BUN of >5 mg/dL 

* Blood glucose >200 mg/dL * Serum calcium <8 mg/dL 

¢ Serum LDH >350 units/L ¢ Arterial oxygen pressure of <60 mm Hg 


* Serum aspartate aminotransferase >250 units/dL * Base deficit of >4 mEq/L 
¢ Estimated fluid sequestration of >6 L 


BUN = blood urea nitrogen, LDH = lactic dehydrogenase, WBC = white blood cell. 
aThe presence of three or more of these criteria indicates a more severe disease with a higher risk of mortality. 


Table 39-7 Approaches to Help Prevent Drug-Induced 


Pancreatitis 





* Azathioprine, 6-mercaptopurine, mesalamine, corticosteroids, metronidazole for inflammatory bowel disease 
o For patients with abdominal pain, consider pancreatitis as part of the differential diagnosis 
* Didanosine 
o Adjust dose for weight <60 kg 
o Avoid alcohol or other drugs that can cause pancreatitis 
o Avoid use with Pneumocystis jiroveci therapy 
* Hypercalcemia 
o Treat underlying condition (hyperparathyroidism, malignancy, thyrotoxicosis) 
* Immunosuppressive agents 
o Use lowest effective dose of immunosuppressive agents (tacrolimus, cyclosporine, sirolimus) 


PREVENTION 


Drug-induced pancreatitis 1s a relatively rare, idiosyncratic disease. It is important 
for clinicians to be aware of this potential adverse event and to consider 
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medications as potentially causative when other etiologies of pancreatitis are not 
present. Prevention strategies for specific agents and drug categories are 
summarized in Table 39-7. Measurement of serum lipase and amylase 
concentrations should be performed in patients who develop abdominal discomfort 
and who are taking medications associated with pancreatitis.“47°!’ Indications 
for monitoring serum amylase and lipase concentrations in the absence of symptoms 
are less clear. One group of authors suggests monitoring serum amylase and lipase 
in patients taking ACE inhibitors.>*? Some have recommended routine monitoring 
of serum amylase and lipase concentrations during mirtazapine treatment and, in 
particular, when upward dose adjustments are made. This recommendation, 
however, is based on only one confirmed case of pancreatitis and two other reports 
that describe only asymptomatic elevations in serum lipase and amylase 
concentrations.*°? Serial serum amylase concentration monitoring and sonograms 
are not helpful in making an early diagnosis of pancreatitis in patients receiving L- 
asparaginase therapy. !>’>40>4? In patients with a pre-existing pancreatic disorder, 
L-asparaginase is contraindicated because of its well-known pancreatic toxicity.°? 


The National Institute of Allergy and Infectious Diseases recommends 
screening all patients for a history of pancreatitis before initiating therapy with 
didanosine. Patients taking didanosine should avoid alcohol and other drugs known 
to cause pancreatitis. Didanosine therapy should be discontinued during and for 1 
week after treatment with pentamidine or sulfonamides for Pneumocystis jiroveci 
pneumonia. The dose of didanosine should be reduced from 400 mg to 250 mg in 
patients that weigh <60 kg.*7? 


Clinical judgment should be used when deciding whether or not to monitor 
serum pancreatic enzyme concentrations. In most cases, routine monitoring of serum 
amylase and lipase concentrations is not warranted unless symptoms suggestive of 
pancreatitis develop. This is due to the low incidence of drug-induced pancreatitis 
and often asymptomatic (and thus clinically unimportant) hyperamylasemia that 
occurs in association with many drugs. If abdominal pain, nausea, and vomiting 
occur in patients being treated with drugs known to cause pancreatitis, prompt 
laboratory evaluation of serum pancreatic enzyme concentrations and other 
diagnostics should be initiated. 


MANAGEMENT 


If drug-induced pancreatitis is suspected, prompt discontinuation of the suspect 
agent is necessary. Traditional therapeutic management of pancreatitis should be 
initiated, including administration of intravenous fluids, administering nothing by 
mouth, advancing the diet as tolerated, and providing adequate analgesia.” 
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INFORMATION FOR PATIENTS 


Patients taking medications with a definite or probable association with 
pancreatitis should be instructed to report the onset of acute abdominal pain to their 
healthcare provider immediately. Some clinicians recommend advising patients to 
immediately discontinue the suspected causative drug and seek medical attention if 
they experience abdominal pain, nausea, or vomiting. If possible, patients should 
avoid drugs that caused pancreatitis for them in the past. 
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CHAPTER 40 


Nausea and Vomiting 


Saeed K. Alzghari, Bonnie A. Labdi, and Jon D. 
Herrington 


Nausea and vomiting account for the majority of medication-related gastrointestinal 
(GI) maladies.! Although any drug, including placebos, can potentially induce 
nausea and vomiting, some classes of medications are more likely to cause these 
effects than others.* Drug-induced nausea and vomiting can adversely affect quality 
of life, and patients who experience significant symptoms may stop taking the 
culprit drug as prescribed, thus compromising their own treatment. If therapy is 
continued, symptoms can become severe enough to interfere with normal daily 
activities, and, if left untreated, vomiting can lead to serious health risks, including 
esophageal tears and malnutrition, requiring additional medical attention. 

Nausea is a subjective feeling and a singular symptom. It may or may not be 
followed by vomiting, although both are thought to be components of the same 
reflex.°+ The term itself is derived from the Greek word naus, meaning ship, 
alluding to the way one feels when seasick.> Nausea is most easily defined as an 
inclination to vomit, or the way one feels when vomiting is imminent. 


Practically any drug can cause nausea, vomiting, or both via one of several 
mechanisms, and many can cause nausea and vomiting through a combination of 
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mechanisms. Three classes of drugs known to cause nausea and vomiting in a 
significant percentage of patients—the opioids, the anesthetics and related drugs, 
and the chemotherapeutic agents—will be discussed in detail in this chapter. Other 
miscellaneous agents will be discussed where information exists. 


CAUSATIVE AGENTS 


Agents commonly associated with nausea and vomiting are listed in Table 40-1. 
References cited are from controlled trials of single agents administered without 
prophylactic antiemetics.~!' Because of the large number of agents reported to 
cause nausea and vomiting and wide interindividual variability, this list should not 
be regarded as comprehensive. 


Table 40-1 Agents Implicated in Drug-Induced Nausea and 


Vomiting 











Drug Incidence __| Level of Evidence* 

OPIOIDS 

Alfentanil6 N= 19% A 
V=9% 

Buprenorphine7 V =20% A 

Butorphanol IV8,9 V = 14% A 
N/V = 13% 

Codeine 10,11 

Diamorphine7 V = 12% A 

Dihydrocodeine 12 N = 15-27% A 
V = 10-12% 

Fentanyl IV6,13 N = 19-32% A 
V = 10-20% 

Hydrocodone 10 N = 29% A 
V=10% 

Hydromorphone 14 N=35% A 
V=17% 

Meperidine 15 N/V = 13% B 

Methadone 16 N =50% B 
V =24% 

Morphine 13,17,18 N = 20-52% A 
V = 15-36% 

Nalbuphine 18 N=4% A 
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Vv =4% 











Oxycodone 14 N = 30% A 
V=12% 

Oxymorphone 19 N = 39% A 
V=24% 

Piritramide 17 N = 30% A 
V=19% 

Propoxyphene 11 N/V = 38% A 

Remifentanill3 N =20% A 
V=8% 

Sufentanil6 N=19% A 
V=7T% 

Tapentadol (75 mg)20 N=21% A 
V=14% 

Tramadoll 0,11 N = 39% 
V=16% 
N/V = 39% 

INHALED ANESTHETICS 

Desflurane21 N/V =11% A 

Enflurane22 V=41% A 

Halothane22 V =46% A 

Isoflurane22 V = 36% A 

Nitrous oxide23 N=44% A 
V=15% 

Sevoflurane? 1,24 N = 32% A 
V=17% 

IV ANESTHETICS 

Etomidate25 V=13% A 

Ketamine26,27 N =22% A 
V= 18% 

Methohexital28,29 N= 13% A 
V=0-1% 

Propofol24,30 N=6% A 
V=0-3% 

ThiopentaB 1 N=35% A 
V = 25% 


NEUROMUSCULAR BLOCKING AGENTS 


Pancuronium32 


Rocuronium32 





CHEMOTHERAPY AGENTS 


—_a_—r—ev_ecrvw or 
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Actinomycin D33 


Amifostine (>450 mg/m2)34,35 


Aldesleukin (=25 million units/m2)36 


Altretamine37 


Arsenic trioxide38,39 


Azacitidine40 


Bendamustine4 1,42 


Bosutinib43 


Busulfan!44 (3.2 mg/kg of body weight per day IV) 


Carboplatin45-47 


Carmustine (200 mg/m!2 to 1,050 mg/m2)48 


Ceritinib49 


Cisplatin (50-120 mg/m2)50,51 


Clofarabine52 


CrizotinibS3 


Cyclophosphamide (40—75 mg/kg)54,55 (1,500 
mg/m2)56 


Cyclophosphamide (oral)57,58 


Cytarabine (1,000 mg/m2)59-61 


Dacarbazine62 


Daunorubicin63 


Docetaxel64 


Doxorubicin (40-75 mg/m2)65-69 


N = 85% B 
V = 46% 

N =<100% B 
V = 14-100% 


N =35% B 
V = 24% 
N=63% B 
V =54% 


N=75% B 
V =58% 
N/V = 50% 


N=70% C 
= 54% 


V — 

N = 20-72% B 
V = 16-41% 

N — 

V —_ 





= 32% A 
= 33% 
N= 92% C 
V = 43% 
V = 55-65% B 


N/V = 86% 


N= 76% 
V =32% 





N/V = 28% 





N = 82% B 
V =65% 


V = 87-100% A 
N=41% C 
V =22% 
N = 56% B 
V = 39% 
N= 92% A 


V =92% 
N/V = 89-100% 


N = 40% A 
V = 18-20% 

N = 75% A 
N/V = 64-100% 








V=49%N/V= [A 
14% 

N = 55% A 
V = 45% 


N/V = 15% B 
N/V = 32-95% A 
V=71% 
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Eribulin70 


Etoposide71 
Epirubicin67 
Idarubicin72 
Ifosfamide73-75 


Imatinib43 


Irinotecan76 


Lenvatinib77 


Lomustine48,78 


Mechlorethamine79 


Methotrexate (40-60 mg/m2)80 


Mitoxantrone68 
Oxaliplatin8 1 
Paclitaxel (40 mg/m2)82 


Nab-paclitaxel83 


Pazopanib84 


Pemetrexed85 
Pralatrexate86 


Procarbazine78,87 


Sorafenib84 


Sunitinib84 


Streptozocin78,88,89 


Temozolomide90 


Topotecan (10 mg/m2)91 


ANTI-INFECTIVES 
Abacavir92 


Erythromycin93 


N=41% 
V=12% 


N/V = 42% 


ve) 


V =53% 
N/V = 35% 
N/V = 50-100% 


tt 


>| >| WB) >| Ww 


Z 


1 = 36% 
V = 16% 
W/V = 53% 


; 
ve) 





> 


N=41% 
V = 28% 


V=31% 
W/V =38% 


W/V = 93% 


Z 
> 


Z 
wo 


N =37% 
V =34% 
N/V = 48% 


ve) 


N/V = 95% 
N/V = 10% 


wm) WwW) Ww) > 


N = 38% 
V=11% 


Y = 25-54% 
V = 21-33% 


W/V = 24% 


Z 
> 


Z 
w 


N=54% 


Z 


Y = 34% A 
V = 27-32% 


y= 11-19% A 
V =5-12% 


N = 24-45% A 
V = 15-34% 


V=70% A 
N/V = 83-87% 


N = 80% B 
V=73% 


N/V = 8% B 


Z 





N/V = 35% 
N/V =53% 
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Metronidazole94 N = 27-56% A 
V = 22-23% 

Tigecycline95,96 N = 25-31% A 
V = 12-26% 

Trimethoprim—sulfamethoxazole97,98 N= 758% A 
V=3-25% 

Imipenem-—cilastatin95 N =25% A 
V=19% 

Ritonavir99 N = 30% A 
V=15% 

Zidovudine 100 N = 47-58% B 
V=10-11% 

PSYCHOTROPICS 

Bupropion101,102 N/V = 13% A 

Fluoxetine 103,104 N = 17-24% A 
N/V = 20% 

Lithium 105 N=17% A 
V=13% 

Paroxetine 102 N= 13% A 


IRON SUPPLEMENTS 








Ferrous gluconate 106 N/V = 13-36% 

Ferrous sulfate 107 N = 14-18% 
V = 10-21% 

MISCELLANEOUS 

Ethinyl estradiol levonorgestrell08 N = 43-54% A 
V =8-16% 

Ethinyl estradioLnorethindrone 108 N=53% A 
V=15% 

Exenatide (10 mcg sub-Q) 109-111 N = 45-51% A 
V = 12-13% 

Liraglutide (1.2 mg sub-Q)112,113 N = 10-29% A 
V=47% 

Metformin 114 N/V = 8-9% A 

Theophylline 115 N=19% A 





IV = intravenous, N = nausea, N/V = report does not differentiate between the occurrence of nausea and 
vomiting, V = vomiting, sub-Q = subcutaneous. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


OPIOIDS 
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All opioid receptor agonists may cause nausea and vomiting. In general, when 
compared at equianalgesic doses, opioids are similar in their likelihood to induce 
nausea and vomiting. !!®!!7 


PERIOPERATIVE AGENTS 


The majority of the studies included in Table 40-1 are from randomized, placebo- 
controlled trials in which patients did not receive other agents known to be 
emetogenic or to possess antiemetic effects (e.g., propofol, ondansetron). For those 
that included multiple emetogenic agents, the groups were similar except for the 
study agent. In many postoperative nausea and vomiting (PONV) trials, patients 
receive a host of drugs for supportive care, making data interpretation challenging. 


CHEMOTHERAPY 


Emetogenicity varies between chemotherapy agents and can also depend on the 
number of agents administered on the same day. Whenever possible, references 
included in Table 40-1 represent reports in which patients received single agents 
without prophylactic antiemetic therapy. 


EPIDEMIOLOGY 
OPIOIDS 


It has been estimated that 10-40% of ambulatory patients experience nausea and 
15-40% experience vomiting on the initiation of opioid therapy. !!® 


PERIOPERATIVE AGENTS 


The overall incidence of PONV has been estimated to be 10-80%, depending on 
the number of patient-specific risk factors present, type of surgery, choice of 
anesthesia, and age and sex of the patient. !!?"!”° 


CHEMOTHERAPY 


The expected incidence of emesis associated with chemotherapy without the use of 
antiemetics is included in Table 40-1. In 1981, insight into chemotherapy-induced 
nausea and vomiting (CINV) was provided in a study of patients receiving high- 
dose cisplatin. Patients were randomly assigned to receive placebo (m = 10) or 
high-dose metoclopramide (n = 11).°! In the high-dose metoclopramide group, a 
median of 1 emetic episode (range, 0-9) occurred in a 24-hour period as compared 
with 10.5 episodes (range, 5—25) in the placebo group. All placebo-treated patients 
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vomited, as compared with 7 of 11 metoclopramide-treated patients. Although this 
was a small study, it helped to clearly demonstrate the necessity of prophylactic 
antiemetic therapy in patients receiving chemotherapy. 

When antiemetic drugs (5-hydroxytryptamine-3 [5-HT3] receptor antagonist 
plus dexamethasone) are administered before emetogenic chemotherapy, the 
incidence of vomiting varies from 20% to 75%, and the incidence of nausea is as 
high as 96%.!7+ With the use of newer antiemetics, the presence of nausea is still 
problematic; however, the intensity of the nausea episodes has decreased. !° 


MISCELLANEOUS AGENTS 


The expected incidence of nausea and vomiting associated with a variety of 
medication classes is listed in Table 40-1. As noted above, virtually any drug is 
capable of causing nausea or vomiting or both, and the list, therefore, is not 
exhaustive. 

Some drugs cause nausea and vomiting when administered in normal 
therapeutic doses while with others nausea and vomiting can be a sign of toxicity. 
For example, nausea and vomiting is a classic finding in patients with digoxin 
toxicity. In a review of elderly patients with a mean digoxin serum concentration >6 


ng/mL, 47% were found to have nausea and vomiting. !*° 


MECHANISMS 


The mechanisms of drug-induced nausea and vomiting are described in Table 40- 
2.17,2127-149 Nausea with or without subsequent vomiting is thought to be the 


result of a centrally controlled protective mechanism involving the GI tract.4>!27.!48 
The sensation of nausea and the act of vomiting serve to discourage the ingestion 
and/or absorption of toxic substances or to indicate that a portion of the GI tract is 


not functioning properly. !4?!>° Nausea and vomiting may also occur during periods 
of stress secondary to decreased activity of the parasympathetic nervous system. !4” 


Table 40-2 Mechanisms of Drug-Induced Nausea and Vomiting 











Mechanism 





Drugs 


Bromocriptine 144 





* Causes CTZ stimulation by dopamine 





Chemotherapy135,136 ¢ Has direct CTZ stimulation by neurotransmitters (e.g., dopamine, 
serotonin, substance P, histamine, norepinephrine) 

* Damages GI mucosa and allows release of 5-HT3, which stimulates the 
vagal afferent nerve and thus activates CTZ and emetic center, the 


nucleus tractus solitarius 
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Digoxin144,145 
Estrogens 145 


Erythromycin137-140 


GLP-1 receptor agonists 159 


Inhaled anesthetic 
agents 121,131-133 


Levodopa 146 


Metronidazole 141—143 


Neuromuscular-blocking 
agents 131 


Nitrous oxide 131,132 


Opioids 117,127—130 


Serotonin reuptake inhibitors 147 


Spinal anesthesia 134 


Has indirect or direct effects on the cerebral cortex 

Vestibular alterations 

Causes taste and olfactory changes, which enhance the gag, nausea, and 
vomiting reflexes 


Stimulates CTZ 
Stimulate CTZ 


Motilin agonist 
5-HT3, cholinergic agonist 
Disruption of interdigestive migrating motor complex 


Increase glucose-dependent insulin secretion 
Decrease glucagon secretion 
Delay gastric emptying 


Stimulate CTZ 

Cause afferent sensory input from higher cortical centers, the vestibular 
nucleus 

Directly stimulate serotoninergic receptors in the GI tract 


Causes CTZ stimulation by dopamine 


Causes taste alterations 
Causes monoamine release 


Block acetylcholine receptors in muscle 


Stimulates the release of dopamine in the medulla 

Changes middle ear pressure, resulting in stimulation of the vestibular 
apparatus 

Abdominal distention during mask ventilation, leading to direct activation of 
the nociceptors 

Causes hypoxia, which has been correlated with PONV 

Stimulates opioid receptors 


Stimulate CTZ 

Decrease neural activity in the GI tract, leading to a decrease in motility 
and a decrease in pyloric tone 

Increase vestibular sensitivity via histaminergic and muscarinic pathways 


Cause CTZ stimulation by serotonin 
Blocks sympathetic nerves leading to an increase in vagal tone 


Decreases in cerebral blood flow with subsequent hypoxia caused by 
reductions in blood pressure 


5-HT3 = 5-hydroxytryptamine3, CTZ = chemoreceptor trigger zone, GI = gastrointestinal. 


The signs and symptoms of nausea and vomiting can be quite dramatic and 
troublesome for any patient (Table 40-3). Emesis, or the act of vomiting, may be 


divided into three distinct phases: pre-ejection, ejection, and postejection.! 


48 


Nausea, which often (but not always) precedes vomiting, is included in the pre- 
ejection phase and is often accompanied by other symptoms, such as _ pallor, 
salivation, shivering, tachycardia, and gastric stasis.!*”-!7*-!48.!5! Retching marks the 
beginning of the ejection phase of emesis and involves the coordinated rhythmic 
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contraction of the diaphragm, the abdominal muscles, and the external intercostal 
muscles.*-!77-!48:!>2 During this phase, the glottis remains closed. With each retch, 
the esophageal pressure decreases while the intra-abdominal pressure increases. 
Emesis occurs when the contracting abdominal muscles cause an increase in 
esophageal pressure, forcing the glottis open and allowing the contents of the upper 
GI tract to be expelled.!*”'** Lethargy and muscle weakness mark the beginning of 
the postejection phase and are a direct result of emesis. Depending on the 


circumstances, an individual may experience additional episodes of retching or 


vomiting or both, and this cycle may be repeated several times. !*° 


Table 40-3 Signs and Symptoms Associated with Drug-Induced 





Nausea and Vomiting 


¢ Abdominal muscle contraction 
* Confusion 

* Deep breath 

* Dizziness 

* Feeling cold or hot 

* Feeling sick 

* Gastric stasis 

* Loss of appetite 

* Loss of taste 

* Orthostatic hypotension 
* Pallor 

* Retching 

¢ Salivation 

* Sweating 

* Tachycardia 

* Vomiting 


Nausea and vomiting are centrally mediated responses to the presence of 
chemicals, toxins, or stressors.>!4*!5° The vomiting center, located in the medulla, 
is thought to initiate the vomiting reflex after receiving afferent sensory input from 
other areas, including the GI tract, cerebral cortex, and the chemoreceptor trigger 
zone (CTZ).!?’ The CTZ, the emetic or vomiting center, and the GI tract possess a 
variety of neurotransmitter receptors. The primary receptors involved with emesis 
are dopamine subtype 2 (D,) and 5-HT3 receptors. Other receptors thought to be 
involved in nausea and vomiting include the prostaglandin, opiate, cannabinoid, 
muscarine subtype 1 (M1), histamine subtype 1 (H1), and neurokinin (NK-1) 
receptors.!*”!7° The CTZ can be stimulated by a wide variety of neurotransmitters, 
chemicals, and toxins found in the blood and in the cerebrospinal fluid.!7? Upon 
stimulation, the CTZ, located in the area postrema, sends afferent impulses to the 
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vomiting center, nucleus tractus solitarius, which in turn sends efferent impulses to 
the respiratory and salivary centers, cranial nerves, and the abdominal muscles. !7/ 

Neuronal pathways originating in the GI tract can also directly activate the 
vomiting center.!>! Drugs or chemicals that irritate or damage the lining of the GI 
tract are thought to cause nausea and vomiting via these pathways.!*° In addition, 
the release of 5-HT; from the enterochromaffin cells located throughout the GI tract 
can induce vomiting via serotoninergic afferent pathways to the vomiting center. !2? 
Figure 40-1 depicts the afferent pathways involved in the act of vomiting and 
nausea.!°? 
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Stimulation of fauces 





Glossopharyngeal nerve 


Trigeminal nerve 


Nucleus tractus solitarius 
(Do, H,, M,, 5-HT3) 













Ganglion nodosum 
(5-HT 3?) 


Vagus nerve 


Sympathetic nerve 


Gastric Irritation 
(ipecac, 
cytotoxics, 
copper sulfate) 


ote 


Area postrema 
(D3, M,, 5-HT3) 


Activation of higher centers 
(pain, sights, anticipation) 


Vomiting center 








Dorsal motor nucleus of the vagus (Ds, H;, 5-HT3, NK-1) 
Nucleus ambiguus (H,, M,) 


Cerebellum 
Chemoreceptor trigger zone (CTZ) 
Apomorphine Vestibular nucleus 
Opiolds (H,, My) 


Digoxin 
Levodopa t 
Bromocriptine 


Cytotoxics Vertigo 


Meniere 
disease Labyrinth 


FIGURE 40-1 Afferent Pathways Involved in the Act of Vomiting 
5-HT3= 5-hydroxytryptamine3 (serotonin), D7 = dopamine subtype 2, H; = histamine subtype 1, My = 
muscarine subtype 1, NK-1 = neurokinin. 


Source: Reprinted with permission from F Mitchelson. Pharmacological agents affecting emesis. A review (Part 
I). Drugs. 1992; 43:295-315 (figure 1, p. 298) ©1992, Springer International Publishing. All rights reserved. 


Anticipatory nausea and vomiting are thought to be the result of afferent 


OPIOIDS 


impulses originating in the cerebral cortex, whereas the nausea associated with 
motion sickness is attributed to stimulation of the vestibular apparatus.!78 
Regardless of the origin of the stimulus, the end result is the same; the vomiting 
center initiates the act of emesis in response to afferent input. !2?.!5! 
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Opioids are thought to induce nausea and vomiting via several mechanisms. First, 
opioid analgesics stimulate the CTZ, resulting in activation of the vomiting 
center.!*”!?8 Second, opioids decrease neural activity in the GI tract, leading to a 
decrease in motility and a decrease in pyloric tone, both of which can induce 
nausea or vomiting or both.!!”!°° Third, opioids are thought to increase vestibular 
sensitivity via histaminergic and muscarinic pathways.!!7-!° 


PERIOPERATIVE AGENTS 


Because of the number of different agents that are used before, during, and 
immediately after surgery, it is often difficult to determine which drug(s) are 
responsible for PONV. Opioids are frequently administered perioperatively and 
can be a cause of nausea and vomiting, as described above. 

The mechanism by which inhaled anesthetic agents cause nausea and vomiting 
has not been elucidated. Like the opioid agonists, the inhaled anesthetics are 
thought to induce nausea and vomiting via stimulation of the CTZ, which in turn 
causes activation of the vomiting center.'*! Afferent sensory input from higher 
cortical centers may also contribute to PONV.!2!-!3!:!32 The vestibular nucleus is 
thought to play an important role in the nausea associated with anesthesia. Direct 
stimulation of serotoninergic receptors in the GI tract is also thought to contribute to 
PONV from the inhaled anesthetic agents.!*? After receiving and integrating the 
afferent input from the sources listed above, the vomiting center sends efferent 
signals to the respiratory and salivary centers and to the muscles directly involved 
in the act of emesis. !7/ 

Nitrous oxide is thought to produce nausea and vomiting via several separate 
mechanisms. It is believed that nitrous oxide stimulates the release of dopamine in 
the medulla.!*! In addition, nitrous oxide diffuses into the middle ear, resulting in 
pressure changes within the ear and stimulation of the vestibular apparatus. !~4 
Nitrous oxide can also produce abdominal distention during mask ventilation, 
leading to direct activation of the nociceptors and subsequent nausea and 
vomiting. !3!:!52 Finally, nitrous oxide exerts its analgesic effects via stimulation of 
opioid receptors in the central nervous system. This opioid-like activity is also 
thought to contribute to the emetogenic effects of nitrous oxide.!?! 

During spinal anesthesia, the sympathetic nerves are essentially blocked, 
leading to an unopposed increase in vagal tone, which many think is a cause of 
PONV.'*4 Others believe that the decrease in cerebral blood flow and subsequent 
hypoxia caused by reductions in blood pressure contribute to the nausea and 
vomiting associated with the administration of spinal anesthesia. !*4 

The neuromuscular blocking agents produce nausea by blocking acetylcholine 
receptors found in muscle.'*! Although the mechanisms by which ketamine and 
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many of the other perioperative agents induce nausea or vomiting or both are not 
well understood, one or more of the aforementioned mechanisms is likely involved. 


CHEMOTHERAPY 


Previously, direct stimulation of the CTZ was thought to be the main mechanism for 
chemotherapy-induced vomiting. Although CTZ stimulation is an important element, 
it is now known that the primary initial mechanism is direct damage to the GI 
mucosa and subsequent stimulation of GI neurotransmitter 5-HT3 receptors. Once 
stimulated, the impulse is directed through the CTZ or directly to the emetic center. 
Other mechanisms involved include psychogenic stimulation through indirect or 
direct effects on the cerebral cortex, vestibular alterations, and taste and olfactory 
changes.!*° It is important to note that while 5-HT; receptor antagonists and NK-1 
receptor antagonists (NK-1 RAs) can play an important role in the prevention of 
chemotherapy-induced emesis, there has been minor progress in the pharmacologic 
prevention of nausea. !*° 


There are three distinct patterns of chemotherapy-related emesis: acute, 
delayed, and anticipatory. Acute emesis is mediated primarily by the release of 
serotonin within the first 8-12 hours after chemotherapy with drugs such as 
cisplatin.'°° With delayed vomiting, the primary mediator is substance P, which 
interacts preferentially with the NK-1 receptor.!*° It has been shown that substance 
P levels tend to trend upward 48 hours after the administration of cisplatin 
chemotherapy. !*> However, not all agents produce a significant release of substance 
P. Even cisplatin has a varying release of substance P at different doses. For 
example, cisplatin doses >75 mg/m’ produced more substance P than cisplatin 
doses of <75 mg/m’.!*° Delayed nausea and emesis can be quite debilitating for 
patients and may last for up to 1 week after chemotherapy. In addition to the role of 
substance P, there have been many other mechanisms describing the 
pathophysiology of delayed emesis. One theory holds that disruption of the blood— 
brain barrier occurs; this increases the risk of cerebral edema, which increases 
intracranial pressure. Other possible causes of delayed emesis include the 
interaction of serotonin with 5-HT, receptors and the development of hypomotility 
of the GI tract or gastroparesis. 


Anticipatory nausea and emesis develop as a result of a classical conditioning 
(or Pavlovian) response to certain stimuli. Anticipatory effects do not occur unless 
a conditioned response develops as a result of previous adverse symptoms of 
chemotherapy. 


MISCELLANEOUS AGENTS 
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The mechanisms responsible for nausea and vomiting associated with each of the 
miscellaneous agents listed in Table 40-1 vary, but typically involve one or more of 
the mechanisms described above. In addition, direct gastric or esophageal 
irritation, or both, 1s a mechanism of drug-induced nausea and vomiting that may 
occur with vitamins, minerals, and preparations used for electrolyte replacement. 


Metronidazole may cause nausea and vomiting through several possible 
mechanisms. The development of an altered taste, often metallic, can lead to 
nausea.!4! When metronidazole is taken concurrently with ethanol, a disulfiram-like 
reaction consisting of flushing, nausea, vomiting, and tachycardia may occur.!*! It 
has been proposed that metronidazole, like disulfiram, inhibits hepatic aldehyde 
dehydrogenase, leading to an accumulation of acetaldehyde following the ingestion 
of ethanol.!*2 However, in a double-blind, placebo-controlled study, 12 healthy 
male volunteers received 5 days of therapy with metronidazole or placebo plus 
ethanol 0.4 g/kg. Blood samples were taken every 20 minutes for 4 hours, and 
blood acetaldehyde and ethanol concentrations were measured. Volunteers were 
assessed for signs and symptoms of disulfiram-like reaction. Metronidazole did not 
affect blood acetaldehyde concentrations or lead to any objective or subjective 
adverse effects when used with ethanol in these subjects.!°’ 


An animal study also failed to find a correlation between the concomitant 
administration of metronidazole and ethanol and the development of high 
acetaldehyde concentrations.'4? An interesting observation, however, was. that 
treated animals had an increase in brain serotonin concentrations after the use of 
metronidazole. The authors postulated that the mechanism of the metronidazole— 
alcohol interaction is a “toxic serotonin syndrome” and not an increase in 
acetaldehyde concentrations. Further study will be needed to elucidate the exact 
mechanism or mechanisms involved in the interaction between metronidazole and 
alcohol. 


Erythromycin is notorious for its ability to induce nausea and vomiting, and 
several mechanisms are possibly involved. Erythromycin has been described as a 
motilin agonist that stimulates the contraction of the stomach and small intestines. It 
also is believed to induce the interdigestive migratory motor complex located in the 
stomach and proximal duodenum.!** Disturbing this complex has been linked to 
vomiting, and effects have continued for up to 3 hours ina canine model.!3%:!40 


The mechanism of trimethoprim-sulfamethoxazole (TMP/SMX)-induced nausea 
and vomiting is unknown, although a disulfiram-like reaction (flushing, sweating, 
palpitations, drowsiness) has been described. Two patients receiving TMP/SMX 
double-strength were reported to have experienced a disulfiram-type reaction after 
the ingestion of 24—36 ounces of beer. One of the patients was rechallenged with 
TMP/SMX the next day after ingesting 6 ounces of beer, and a similar reaction 
developed. It is possible that TMP/SMX inhibits aldehyde dehydrogenase or the 
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elimination of acetaldehyde via the cytochrome P-450 (CYP 450) hepatic 
pathway. !°° 

Glucagon-like peptide (GLP-1) receptor agonists, such as exenatide and 
liraglutide, can induce nausea and vomiting by increasing glucose-dependent 
insulin secretion and decreasing glucagon secretion leading to delayed gastric 


emptying. 159 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS _ 


Signs and symptoms associated with drug-induced nausea and vomiting are listed in 
Table 40-3. Conditions to consider in the differential diagnoses are presented in 
Table 40-4, !29.151,152,160,161 


OPIOIDS 


Nausea and vomiting associated with opioid use normally occur immediately upon 
initiation of therapy and can last anywhere from a few days to a week or longer 
while the patient is taking the drug.'°7!° The majority of patients beginning opioid 
treatment experience a reduction or resolution of nausea and vomiting within the 
first week of therapy. A distinction should be made between nausea and vomiting 
caused by the opioid itself and that which occurs because of opioid-induced 
constipation. Patients usually develop a tolerance to the emetogenic effects of the 
opioid, but not to constipation. !!° 


PERIOPERATIVE AGENTS 


PONV associated with the use of the inhaled anesthetics most often occurs during 
the first 2 hours after surgery. Nausea and vomiting occurring 2—24 hours 
postoperatively have been associated with other factors, including opioid use, 
increased physical activity after surgery, and insufficient supplemental 
hydration. !°-!°7 Nausea and vomiting occurring at any time following surgery may 
be caused by any of several other factors unrelated to anesthesia, including 
decreased GI motility, anxiety, and uncontrolled pain. !® 


Table 40-4 Conditions to Consider in the Differential Diagnosis 


of Nausea and Vomiting 


¢ Alcoholism 
* Bacterial enterotoxins 
* Bacterial or viral gastroenteritis 
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* Bulimia 

* Cholecystitis 

* Crohn disease 

* Gastroparesis 

* Hepatitis 

* Increased intracranial pressure 
* Irritable bowel syndrome 

* Malignancy 

* Mechanical obstruction 

* Metabolic abnormalities 

¢ Myocardial infarction 

* Pancreatitis 

* Peptic or gastric ulcer 

* Postoperative nausea and vomiting 
* Pregnancy 

* Psychiatric disorders 

* Radiation therapy 

¢ Vestibular dysfunction 


CHEMOTHERAPY 


Chemotherapy-related emesis occurs with an acute, delayed, or anticipatory onset. 
Table 40-5 describes the usual time of onset and duration of emesis associated with 
chemotherapy.!®° Delayed nausea and vomiting occurs more than 24 hours after the 
administration of chemotherapy although this phase may begin as early as 16 hours 
after cisplatin administration.'°! The development of anticipatory vomiting may 
occur in patients whose nausea and vomiting have not been well controlled during 
previous chemotherapy treatments. By the fourth treatment cycle, approximately 
25% of patients have anticipatory nausea or vomiting or both.!*° In addition, more 
intense prior symptoms increase the likelihood that patients will have a conditioned 
or anticipatory response.!*> A patient who has severe chemotherapy-related nausea 
and emesis may remember the surroundings (including the healthcare providers 
present) during the event. The patient may subsequently associate the emesis with 
those surroundings or providers and may have anticipatory nausea or vomiting or 
both by just seeing or hearing the voice of those individuals. 


Table 40-5 Onset and Duration of Emesis Associated with 





Antineoplastic Agents with >30% Emesis Frequency 


Agent Emesis Duration (hr) 
Carboplatin 1-48 

Carmustine 4-24 

Cisplatin >24 
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Cyclophosphamide 6-12 6-36 


Cytarabine >1,000 mg/m2 6-12 3-5 
Deca Bde 
Daunorubicin 2-6 <24 
Doxorubicin >20 mg/m2 2-6 6-24 
stn ie 
Mechlorethamine 6-24 
Methotrexate >250 mg/m2 3412 
Streptozocin 2-6 12—24 


Other drugs that cause clinical presentation and differential diagnosis of nausea and 
vomiting are similar to those described above. It should be noted, however, that it 
can be more difficult for healthcare providers to identify nausea and vomiting as 
being drug-induced when caused by agents infrequently associated with these 
effects. Under these circumstances, proper diagnosis can be delayed. 


RISK FACTORS 
OPIOIDS 


Risk factors associated with the development of opioid-induced nausea and 
vomiting are listed in Table 40-6.'!° A retrospective study involving over 8,800 
participants found that those 80 years of age or older were less likely to have 
opioid-induced nausea and vomiting than those between the ages of 16 and 45.!% In 
addition, men were found to be less likely to experience opioid-induced nausea and 
vomiting than women. Race was also found to be a factor, with a higher risk of 
developing opioid-induced nausea and vomiting in whites than in blacks. The route 
of administration appears to affect the risk for developing nausea and vomiting in 
patients receiving parenteral opioids, with the intravenous (IV) route conferring a 
higher risk than the intramuscular (IM) or subcutaneous (sub-Q) routes. As would 
be expected, increasing the opioid dose increases the likelihood of nausea and 
vomiting. '®? Reasons for the majority of these risk factors are not known, but may 
be related to peak opioid concentrations. 
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Table 40-6 Risk Factors for Opioid-Induced Nausea and 


Vomiting 





* Concomitant administration of other potentially emetogenic agents 

* Dose (higher dose is greater than lower dose) 

* Opioid exposure (patient with no previous opioid exposure is greater than patient with previous opioid 
exposure) 

* Oral doses taken without food 

* Race (whites greater than blacks) 

* Route of administration (intravenous > intramuscular and subcutaneous) 

* Sex (females greater than males) 

* Younger age (patients 16—45 yr of age are at higher risk than those >80 yr) 


PERIOPERATIVE AGENTS 


The various risk factors associated with an increased incidence of drug-induced 


PONV are listed in Table 40-7.!27!73!6>-167 No single factor is of primary 
importance in accurately predicting which patients will experience PONV, although 
female sex has shown to be the most predictive. This can be appreciated by 
reviewing the simple models available to aid clinicians in predicting the PONV 
risk in adults and children (Table 40-8).!?”-'73 The primary PONV risk factors have 
been shown to include female sex, nonsmoking status, previous history of PONV or 
motion sickness, childhood to young adulthood ages, long duration of surgery, and 
the use of volatile anesthetics, nitrous oxide, or perioperative opioids. The specific 
type of surgical procedure also affects the risk of PONV, with gynecological and 
abdominal surgeries conferring a higher risk of PONV!®? 





Table 40-7 Risk Factors for Postoperative Nausea and Vomiting 


Anesthesia related 


¢ Experience level of anesthesiologist 

o Less experienced is greater than more experienced 
* Type of anesthesia 

o General is greater than spinal is greater than peripheral block 
* Use of nitrous oxide 


Other factors 


¢ Eating or drinking too soon after surgery 
* Increased postoperative movement 

* Perioperative administration of opioids 

* Presence of postoperative pain 


Patient related 


« Age 
o Children (6-16 yr) greater than adults greater than infants (<12 mo) 
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* Female sex 
* Nonsmoker 
* Presence of delayed gastric emptying 
o Obstruction 
o Pregnancy 
o Diabetes 
¢ Prior history of PONV or motion sickness 


Surgery related 


* Decrease in systolic blood pressure by >35% during surgery or induction of anesthesia 
¢ Increased duration of surgery 
o Each 30-minute surgery increment increases PONV risk by 60% 
¢ Type of surgery 
o Laparoscopy, laparotomy, breast, strabismus, plastic surgery, maxillofacial, gynecologic, abdominal, 
neurologic, ophthalmologic, urologic 


PONV = postoperative nausea and vomiting. 


Table 40-8 Assessing Risk for Postoperative Nausea and 





Vomiting 
ADULT PONV RISK SCORE PREDICTORS 


One point for each risk factor: female sex, nonsmoker, history of PONV, postoperative opioids 


No. of Points Approximate Risk of PONV (%) 
0 10 
1 20 
2 40 
3 60 
4 80 


CHILDREN PONV RISK SCORE PREDICTORS 


One point for each risk factor: surgery lasting >30 minutes, age >3 years, strabismus surgery, personal or family 
history of PONV 


No. of Points Approximate Risk of PONV (%) 
0 10 
1 10 
2 30 
2 53 
4 70 


PONV = postoperative nausea and vomiting. 


Patients who are ultrarapid metabolizers of CYP2D6, which codes for a CYP 
isozyme important in drug metabolism, may be less likely to respond as expected to 
agents used to control PONV. All 5-HT; receptor antagonists except granisetron are 


substrates for CYP2D6 and may be susceptible to increased metabolism and 
clearance in patients who are CYP2D6 ultrarapid metabolizers. This relationship 
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was studied in 250 patients receiving ondansetron 4 mg IV for PONV 
prevention.!* The incidence of vomiting in poor, intermediate, extensive, and 
ultrarapid metabolizers was found to be | in 12 (8%), 5 in 30 (17%), 26 in 176 
(15%), and 5 in 11 (45%), respectively. There was no difference in the incidence 
of nausea between groups. 


Another study compared granisetron | mg intravenously and dolasetron 12.5 mg 
IV in a prospective, randomized, double-blind study of 150 adult patients.!”° 
Because CYP2D6 does not metabolize granisetron, it was theorized it would be 
more effective than dolasetron in rapid metabolizers. Overall, a complete response 
(no vomiting or rescue medication required) occurred more frequently in the 
granisetron group (54.7%) as compared with the dolasetron group (38.7%). 
Ultrarapid metabolizers who received dolasetron (n = 6) experienced more 
vomiting episodes than those (7 = 4) who received granisetron (six episodes versus 
one episode, respectively). 


Table 40-9 Risk Factors for Chemotherapy- Induced Nausea 





and Vomiting 


Chemotherapy-specific factors 


¢ Administration of multiple agents on the same day 

¢ Circadian cycle with cisplatin (morning administration is greater than evening) 
* Emetogenicity of agent 

* High dose 

¢ Infusion rate (bolus is greater than continuous infusion) 

* Lack of maintenance antiemetics after chemotherapy 


History 


¢ Emesis from chemotherapy 
¢ Hyperemesis with pregnancy 
* Motion sickness 


Patient-specific factors 
* Age (<50 yr) 
* Anxiety 
¢ Enhanced cytochrome P450 2D6 activity 
o Ultrarapid metabolizers of 5-HT3 receptor antagonists (except granisetron) 
* Feeling hot or warm after chemotherapy 
° Female sex 
¢ History of minimal long-term alcohol consumption 
* Poor performance status 


Risk factors for delayed nausea and emesis 


° Female sex 
* Poor control in the acute phase (0—24 hr after chemotherapy) 
* Poor control with first cycle 
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* Use of certain chemotherapy agents 
o Anthracyclines 
Carboplatin 


0) 
o Cisplatin, especially with dose >90 me/m2 
o Cyclophosphamide 


CHEMOTHERAPY 


The most common risk factors for CINV are listed in Table 40-9, !25.!35,100,171-173 Ag 
with PONV, CYP metabolizer status is an area of interest as it relates to the 
effectiveness of antiemetics in preventing CINV. All 5-HT3 receptor antagonists 


except granisetron are substrates for CYP2D6. In a study to investigate the efficacy 
of ondansetron and tropisetron based on CYP2D6 genotype, patients who were 
ultrarapid metabolizers had greater intensity of vomiting and nausea as well as 
lower antiemetic serum concentrations as compared with poor metabolizers.!”* It 
was determined that approximately 50 subjects would have to be genotyped to 
protect one patient from severe emesis. The feasibility of identifying patients’ 
CYP2D6 genotype and thereby assisting health professionals in adjusting antiemetic 
regimens is unclear. 


MISCELLANEOUS AGENTS 


General risk factors for nausea and vomiting associated with other agents include a 
recent increase in medication dose, a change in the patient’s underlying renal or 
hepatic function resulting in a higher drug concentration, and drug—food, drug—drug, 
and drug—disease interactions. Patients with a history of multiple drug allergies or 
side effects typically have a higher incidence of nausea and vomiting when exposed 
to new drugs. 


MORBIDITY AND MORTALITY 
OPIOIDS 


Nausea and vomiting associated with any drug can lead to a decreased adherence to 
prescribed therapy. With opioid-induced nausea and vomiting, decreased adherence 
can lead to uncontrolled pain and severely compromise the patient’s quality of life. 
Nausea and vomiting may also prevent patients from eating, resulting in nutritional 
deficiencies that can exacerbate other underlying medical conditions. In severe 
cases of drug-induced emesis, dehydration with subsequent electrolyte disturbances 
can occur, leading to potentially life-threatening complications. 


Wak 


PERIOPERATIVE AGENTS 


PONV causes significant morbidity. Even minor episodes of nausea and vomiting 
can lead to delays in eating, drinking, and walking postoperatively thus retarding 
recovery. In addition, nausea and vomiting may prevent patients from taking oral 
medications. If vomiting is severe, dehydration and electrolyte disturbances such as 
hyponatremia and hypokalemia can occur. Forceful retching can cause Mallory- 
Weiss tears in the esophagus as well as abdominal wound dehiscence.) In 
addition, the risk for aspiration of GI contents is increased with protracted 
postoperative emesis. PONV may delay the patient’s transfer from _ the 
postanesthesia care unit, which could result in an increased length of hospital 
stay.!4!”> Patients who undergo outpatient surgery and experience significant 
PONV may have to be admitted to the hospital. 


CHEMOTHERAPY 


The incidence of mortality related to CINV is unknown. However, the incidence of 
morbidity related to CINV has been evaluated. In a longitudinal secondary analysis 
performed on data from a prospective, observational quality-of-life study involving 
200 newly diagnosed cancer patients who underwent chemotherapy, 62% of 
patients experienced nausea and 27% experienced vomiting; furthermore, patients 
with nausea experienced significant quality-of-life impairment and psychological 
distress compared to those unaffected in the areas of physical, role and social 
functioning, fatigue, appetite loss, overall physical health, and overall quality of 
life.!”° Similarly, patients with vomiting experienced significant quality-of-life 
impairment and psychological stress compared to those unaffected in the areas of 
physical, role and social functioning, fatigue, appetite loss, sleep disturbance, 
overall physical health, and cancer distress.!”° The sequelae can be quite dramatic 
and may lead to dissatisfaction with the healthcare system and nonadherence to the 
treatment plan. In a trial comparing metoclopramide and placebo in patients 
receiving high-dose cisplatin, placebo-treated patients experienced an average of 
10.5 emetic episodes in a 24-hour period and had nausea and vomiting lasting over 
3.6 hours.*! This type of unrelenting nausea and vomiting can lead to metabolic 
imbalances, diminished quality of life and functional ability, nutritional 
deficiencies, anorexia, decreased performance and psychological status, wound 
dehiscence, and esophageal tears and can ultimately lead to withdrawal from 
cancer treatment programs. !61:!77 


In a retrospective study to ascertain the impact of therapy-related nausea and 
vomiting on the outcomes of patients receiving cisplatin for lung, ovarian, and 
testicular cancer, an association was found between the incidence of vomiting and 
the length of hospital stay per cycle of chemotherapy.!’® Patients with lung cancer 
who did not have emesis had an average hospitalization of 2.1 days, versus 4.2 
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days if they experienced emesis. Patients with testicular cancer receiving a 3-day 
chemotherapy regimen had an average of 5.5 versus 4.2 days of hospitalization if 
they experienced emesis versus no emesis. In the lung cancer group, 2.5% of 
patients stopped therapy for reasons related to poorly controlled emesis; however, 
survival was not affected by this choice. No patient in the ovarian or testicular 
cancer groups withdrew from the study because of vomiting. Even though most 
patients received prophylactic 5-HT3 receptor antagonists, the development of 


nausea and vomiting was still found to prolong hospitalization. 


MISCELLANEOUS AGENTS 


Tigecycline, an antibiotic related to minocycline, can induce nausea and vomiting. 
In a large randomized study, 1% of patients treated with tigecycline stopped taking 
the drug because of nausea and vomiting versus none in the vancomycin and 
aztreonam groups.”° In another study, 2.5% of the patients treated with tigecycline 
discontinued therapy early because of nausea or vomiting or both.”° 

Up to 24% of patients receiving fluoxetine for depression may experience 
treatment-related nausea.!°-' Fortunately, only 8% or fewer discontinue therapy 
as a result, 103.104 


Adherence problems caused by drug-induced nausea and vomiting can affect the 
morbidity and mortality of patients with human immunodeficiency virus infection 
who take complicated regimens such as highly active antiretroviral therapy 
(HAART). A study evaluated the self-reported adverse effects of patients taking 
HAART for at least 1 month and whether or not these adverse effects had an impact 
on adherence.!” A total of 358 patients were evaluated. Nonadherence in the past 3 
days was reported by 22% of patients and 25% reported not refilling their 
medications in a timely fashion. Those with nausea had a 4.47 times greater risk of 
poor adherence. However, it is unknown if nonadherence affected their overall 
morbidity or mortality. 

Erythromycin has a significant GI adverse effect profile. In a randomized 
controlled trial, therapy with IV erythromycin had to be discontinued in 10% of 
patients because of severe GI toxicity.” 

It is well known that oral iron preparations can cause a variety of GI symptoms. 
In a study evaluating the relationship of nausea and vomiting to adherence with iron 
therapy in higher and lower socioeconomic groups, it was found that adherence 
decreased from 82% to 48% in members of the lower socioeconomic group in 
whom nausea and vomiting developed.!°’ In the higher socioeconomic group, 
however, adherence rates remained similar in patients with or without nausea and 
vomiting. 
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PREVENTION 


General guidelines to help prevent drug-induced nausea and vomiting are listed in 
Table 40-10. 





OPIOIDS 


Nausea and vomiting following the initiation of opioid therapy is relatively 
common and should be anticipated. Patients should be informed of the potential for 
this effect before the initiation of therapy. In addition, appropriate antiemetic 
therapy should be available in case nausea or vomiting occurs. Any conditions or 
medications that could exacerbate the adverse GI effects of opioid analgesics 
should be identified and steps taken to remove them if possible. 


Starting at a lower dose and titrating upward may help minimize some of the 
emetogenic effects of opioid therapy. When patients require continuing therapy with 
opioids, a bowel regimen containing a stimulant laxative should be initiated to help 
prevent the constipation that 1s common with this class of drugs. Oral opioid 
analgesics may be taken with meals to help decrease local gastric emetogenic 
effects. A study evaluating the effect of food on an oral, extended-release 
formulation of hydrocodone in healthy volunteers showed that food did not affect 
plasma concentration over time; however, 50% of volunteers experienced nausea in 
the fasting state while only 25% experienced nausea in the fed state.'®° In 
hospitalized patients, switching from oral to parenteral administration may be 
useful; local effects on the GI tract may be decreased, although the central 
emetogenic effects of the opioid will remain. In patients who experience significant 
nausea or vomiting, a switch to a different opioid analgesic may be helpful. There 
is no clinical evidence supporting the use of prophylactic antiemetic agents in all 
patients beginning opioid therapy. !©%!8!-!82 


Table 40-10 Approaches to Help Prevent Drug-Induced Nausea 


and Vomiting 





* If possible, avoid agents with high emetogenic potential 
* For opioid-induced nausea and vomiting: 
o Use lowest effective dose 
o Take oral opioids with food to minimize nausea and vomiting 


For PONV 


Ensure that patient is fully hydrated and that pain is controlled before surgery 
Avoid inhaled anesthetics 

For the patient at risk for PONV, administer antiemetic perioperatively 
Minimize motion and activity after surgery 

Minimize eating and drinking up to 8 hr after surgery 


o0o00 8 CO 
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For chemotherapy-induced nausea and vomiting 


o Assess risk factors and adjust antiemetics as necessary 

o Patients need to be protected throughout full period of risk with highly emetogenic agents (at least 3 
days) and moderately emetogenic agents (at least 2 days) 

o For highly and moderately emetogenic agents, use a 5-HT3—receptor antagonist and dexamethasone 


o For those at risk for delayed nausea and vomiting, use a NK-1 antagonist or olanzapine in combination 
with a 5-HT3 receptor antagonist and dexamethasone 

o For low emetogenic agents, use dexamethasone, metoclopramide, prochlorperazine, or a 5-HT3—receptor 
antagonist 

o For minimally emetogenic agents, no routine prophylaxis recommended 

o Follow established, peer-reviewed guidelines for the prevention of postoperative and chemotherapy- 
induced nausea and vomiting 

o Identify high-risk individuals and use prophylactic antiemetics according to guidelines 

o Adjust antiemetics as necessary for patients in whom previous antiemetic regimens have failed 

o Eating small, frequent meals, choosing healthful foods, controllmg amount of food consumed, and eating 
food at room temperature may help alleviate nausea/vomiting. 


PONV = postoperative nausea and vomiting. 


PERIOPERATIVE AGENTS 


The incidence of PONV has decreased dramatically since the development of 
newer inhaled anesthetics, the increasing use of IV anesthesia, and the advent of 
ultra-short-acting neuromuscular blocking agents.'°'!°? Before any surgical 
procedure, a thorough preoperative history and physical examination should be 
conducted.!”* Patient-specific risk factors for PONV should be identified, along 
with risk factors associated with the type of surgery and the type and duration of 
anesthesia planned. A comprehensive preoperative evaluation is the most important 
step in reducing the likelihood of intraoperative and _ postoperative 
complications. !°? 


Several steps can help reduce a patient’s risk for PONV. Rather than using 
anesthetic agents known to cause nausea and vomiting, those with less emetogenic 
potential can be used. Propofol has been found to cause significantly less nausea 
and vomiting when used during induction and during maintenance of anesthesia as 
compared with many of the more traditional inhaled or IV agents.!8*+!8° Nitrous 
oxide causes nausea and vomiting in a significant number of patients.!%*-!® In 
patients at high risk for PONV or those in whom postoperative vomiting may hinder 
recovery, the risks of using nitrous oxide may outweigh any potential benefit. 
Perioperative opioid use should be minimized in patients at high risk for PONV. 
However, because uncontrolled postoperative pain can itself lead to PONV, 
adjustment of the opioid dose should be done cautiously. 


Patients should be instructed not to eat or drink anything immediately before 
their surgery. In addition, discouraging eating and drinking within the first 8 hours 
postoperatively can decrease the risk of PONV. Patients should not be moved 
unnecessarily in the immediate hours following surgery, as sudden movements and 
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positional changes can precipitate nausea.!*? Techniques that have been shown 
beneficial in reducing the incidence of PONV include the administration of 
supplemental IV fluids preoperatively, maintenance of blood pressure and 
increased oxygenation intraoperatively, and frequent nasogastric suctioning 
postoperatively. !7!.132,165 

Patients at high risk for PONV (e.g., those who have experienced nausea, 
vomiting, or both after previous surgical procedures) and those in whom PONV is 
likely to significantly delay or complicate recovery (e.g., patients undergoing open 
abdominal surgery) may benefit from prophylactic antiemetic therapy.!’+!%!9! 
Prophylactic antiemetic administration in patients with no history of PONV or in 
those with no identifiable risk factors is not warranted. In these patients, the PONV 
risk is estimated to be only 10%. !!° 

Several antiemetic agents have been shown to be particularly effective in 
PONV prevention, including promethazine, droperidol, granisetron, dolasetron, 
ondansetron, palonosetron, dexamethasone, scopolamine, and aprepitant.!7>-!89.!92- 
'°4 The usual dose of promethazine for the PONV prevention is 25 mg administered 
orally (PO), rectally (PR), IM, or IV. However, a retrospective analysis showed no 
difference in complete response (no PONV and no further rescue) between 6.25 mg 
of promethazine and higher doses.!°° Promethazine frequently causes drowsiness, 
especially when given with opioid analgesics or other sedating agents. In addition, 
promethazine can occasionally cause extrapyramidal symptoms.!*? In 2004, the 
U.S. Food and Drug Administration (FDA) required the addition of a black box 
warning to the labeling for promethazine that included a contraindication for use in 
children <2 years of age and a cautionary warning regarding use in children >2 
years of age. !° 

Droperidol should be administered in doses of 0.625—1.25 mg IM or slow IV 
push for PONV prevention. The use of droperidol has been associated with 
prolongation of the QT interval and ventricular tachycardia, including torsades de 
pointes. Droperidol is contraindicated in patients with QT interval prolongation 
and should be used with caution in patients at risk for cardiac arrhythmias. Like 
promethazine, droperidol can cause extrapyramidal symptoms. !7! 

Ondansetron, a 5-HT3 receptor antagonist, has been shown to be effective for 


PONV prevention and treatment in doses of 4 mg IV or 8 mg PO.!97-? A single 4- 
mg IV dose has been shown to be effective in preventing and treating postoperative 
emesis for up to 24 hours.2°*2 It should be noted that ondansetron and the other 5- 
HT; receptor antagonists are more effective in preventing vomiting than they are in 
preventing nausea.!°” A 4-mg IV dose has a number needed to treat (NNT) of 6 for 
prevention of vomiting and a NNT of 7 for prevention of nausea.!?* Ondansetron is 
associated with relatively few adverse effects as compared to many of the other 
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antiemetics, although some studies have shown QT interval prolongation in patients 
receiving this agent.!®° 


Palonosetron has also been used successfully in PONV prevention. Over 500 
patients were randomly assigned to receive palonosetron 0.025 mg, 0.05 mg, or 
0.075 mg or placebo IV prior to anesthesia.2”’ The incidence of complete response 
(no vomiting and no rescue antiemetics required) was evaluated during the period 
after surgery (0 to 72 hours). Of 138 patients treated with 0.075 mg palonosetron 
and evaluated for 24 hours after surgery, 43% had a complete response versus 26% 
in the placebo group. For 24-72 hours after surgery, there was no significant 
difference between palonosetron and placebo with respect to reducing PONV. Over 
the 72-hour period, the nausea intensity improved with palonosetron but was not 
statistically different as compared with placebo. The other 5-HT3 receptor 


antagonists, dolasetron and granisetron, had similar efficacy in PONV prevention. 


Dexamethasone has been used for the prevention of chemotherapy-induced 
emesis for many years, and it is now used for PONV prevention. The mechanism of 
action of corticosteroids, including dexamethasone, for the prevention of nausea 
and vomiting is not clearly understood but may involve the inhibition of 
prostaglandin and cytokine release.'*!7°8 Dexamethasone interacts with 
glucocorticoid receptors found in different areas of the brain such as the nucleus 
tractus solitarius and the area postrema, which may contribute to its antiemetic 
effects. Dexamethasone doses of 8 mg IV or 10 mg PO have been shown to be 
effective in reducing the incidence of nausea and vomiting to 8—-20% versus 36— 
40% compared with placebo after surgery.*? Dexamethasone should be 
administered before the induction of anesthesia for maximal _ benefit. 
Dexamethasone, like other corticosteroids, has many adverse effects; however, 
administration of single doses minimizes this possibility, !977 


A multicenter, randomized, placebo-controlled study of over 5,100 patients 
found similar rates of efficacy in decreasing the incidence of PONV with 
prophylactic administration of droperidol (1.25 mg IV), dexamethasone (4 mg IV), 
or ondansetron (4 mg IV).2°° Overall, 54.5% of the patients in this study had a 
history of PONV or motion sickness, known risk factors for PONV. Over 78% of 
the patients received opioids postoperatively, further increasing the PONV risk. 
Thirty-four percent of the patients had at least one episode of postoperative nausea 
or vomiting or both. As expected, patients who had received inhaled anesthetics, 
nitrous oxide, or both had a higher incidence of PONV as compared with those who 
received propofol anesthesia. Patients who received propofol had a 19% lower 
incidence of PONV as compared with those who received inhaled anesthetics. 
Those who received oxygen and nitrous oxide had a 12% higher incidence of 
PONV as compared with those who received oxygen and nitrogen. Without 
prophylactic antiemetics, 52% experienced PONV, as compared with 37%, 28%, 
and 22% when one, two, and three antiemetic agents, respectively, were given. The 


1719 


authors suggest that single-agent prophylaxis with dexamethasone, droperidol, or 
ondansetron is equally effective. In patients at high risk for PONV or in those in 
whom postoperative vomiting may be detrimental, a combination prophylactic 
antiemetic regimen may be warranted.?”? 


The NK-1 RA aprepitant is one of the most recent agents to demonstrate 
efficacy for PONV prevention. A large study compared aprepitant to ondansetron 
for PONV prevention.!°* Over 800 patients were randomly assigned to receive 
either a single dose of aprepitant 40 mg PO, aprepitant 125 mg PO, or ondansetron 
4 mg IV preoperatively. The primary outcome was the incidence of complete 
response (no vomiting and no rescue antiemetics required) in the 24 hours after 
surgery. There were no significant differences among the three groups, with 
complete response reported in 45%, 43%, and 42% of patients, respectively. 
However, when evaluating vomiting only, 90% and 95% of patients in the 
aprepitant groups had not vomited in the 24 hours after surgery as compared with 
74% in the ondansetron group. This beneficial effect carried over for 48 hours after 
surgery. In terms of need for rescue antiemetics and nausea control, there were no 
differences among the groups. As with other aprepitant trials, greater benefit was 
demonstrated in the prevention of vomiting than in the control of nausea. 


Two other frequently used antiemetic agents, metoclopramide and 
prochlorperazine, have been shown to be of benefit for prophylaxis in PONV in 
some clinical trials but no more effective than placebo at preventing PONV in 
others.7°”?!* Drugs and doses for the prophylaxis of PONV in adults are listed in 
Table 40-11.!4!:'©-!92 Appropriate dose adjustments are required for pediatric 
age 1e0 


Recent data suggest that gabapentin may decrease PONV. A single oral dose of 
600 mg given | to 2 hours preoperatively in addition to a standard multimodal 
antiemetic regimen has shown to result in a significant reduction in the incidence of 
nausea and vomiting, thereby decreasing the need for rescue antiemetics in the 
postoperative setting when compared to the standard regimen alone.7!? The 
majority of the clinical trials conducted utilizing gabapentin as an adjunct in 
various preoperative regimens focused on its efficacy in reducing postoperative 
pain. The drug’s activity in reducing PONV was discovered serendipitously.”!3-2!4 
There are a very small number of trials that focus on gabapentin’s reduction in the 
incidence of PONV as a primary endpoint; the ones which exist also suggest that a 
single dose of the drug, when given in combination with the standard preoperative 
antiemetic agents, results in a reduction in PONV incidence.*!*7!> It should be 
noted that in most of these trials, the patients studied received general anesthesia.7!° 


The exact mechanism by which gabapentin exerts its antiemetic effect is not 
known. One proposed mechanism involves gabapentin causing a decrease in 
calcium signaling in the area postrema. Another possible mechanism involves a 
decrease in tachykinin neurotransmission, while yet another implicates 
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postoperative anti-inflammatory effects.7!°*!’ A more simple explanation involves 
the drug’s established activity in reducing postoperative pain, which may lead to a 
reduction in perioperative opioid requirements and their associated nausea and 
vomiting.”!* It is likely that a combination of these as well as other, yet 
undiscovered, mechanisms leads to gabapentin’s reduction in PONV.7!°?!® 


Table 40-11 Pharmacotherapy to Help Prevent Drug-Induced 
Postoperative Nausea and Vomiting 





Timing with Respect to 
Drugs Anesthesia/Surgery 
Aprepitant At induction 
Dexamethasone At induction 
Dimenhydrinate Before induction 
Dolasetron At end of surgery 
Droperidol At end of surgery 
Ephedrine At end of surgery 
Granisetron At end of surgery 
Haloperidol At end of surgery 
Methylprednisolone At induction 
Ondansetron At end of surgery 
Palonosetron Before induction 
Prochlorperazine At end of surgery 
Promethazine At induction 
Scopolamine Evening before or 2 hr before induction 
Tropisetron At end of surgery 


IM = intramuscular, [V = intravenous, PO = oral. 


Ginger (Zingiber officinale) has been used as a medicinal agent for nearly 
2,500 years. The mechanism of a reported antiemetic effect with ginger is unknown 
but studies suggest that phytochemicals contained in the root may function as a 5- 
HT; antagonist and a NK-1 RA.?!° Evidence for the use of ginger for the prevention 


of PONV has been equivocal. A meta-analysis of six randomized placebo- 
controlled trials that included 538 patients comparing doses of ginger ranging from 
100 mg to 1 g found no difference in the pooled relative risk in preventing PONV 
24 hours after surgery (RR 0.84, 95% CI 0.69-1.03).7*° However, a subsequent 
meta-analysis comparing five randomized placebo-controlled trials that included 
363 patients and a fixed dose of | g of ginger found a difference in the pooled 
relative risk favoring ginger in preventing PONV 24 hours after surgery (RR 0.65, 
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95% CI 0.51—0.84).”*! Ginger may play a role in PONV, but further studies need to 
be conducted elucidating which phytochemical in ginger is responsible for this 
effect. 


CHEMOTHERAPY 


Prevention of CINV is an important goal, and several national and international 
oncology groups have published recommendations to assist with this 
objective.!°!?*2-724 Table 40-12 provides detailed information regarding 
pharmacotherapy for the prevention of acute and delayed CINV.'°!7?223 Although 
there has been good success in preventing emesis in the majority of patients, a 
similar reduction in the incidence of nausea has not been achieved. 

Most protocols for the prevention CINV include a 5-HT3 receptor antagonist 
and dexamethasone. The 5-HT3 receptor antagonists have all been considered 
clinically equivalent for the prevention of acute nausea and vomiting; however, 
palonosetron is the preferred 5-HT receptor antagonist for preventing acute nausea 


and vomiting if/when a NK-1 RA is not to be used in combination.!°!?”* For the 
prevention of acute emesis in patients receiving highly emetogenic chemotherapy, 
the use of a corticosteroid such as dexamethasone in combination with a 5-HT, 
receptor blocker and NK-1 RAs should be considered unless contraindicated. For 
patients receiving cisplatin chemotherapy, the dose of dexamethasone should be at 
least 12 mg but preferably 20 mg/day, based on findings of the Italian Group for 
Antiemetic Research.**> This group also evaluated dexamethasone use in patients 
receiving anthracyclines, carboplatin, or cyclophosphamide.””° Their results 
demonstrated that lower doses of dexamethasone (a single 8-mg IV dose) were as 
effective as higher doses (24 mg) for the prevention of acute emesis in this patient 
population. 


Table 40-12 Approaches to Prevent Chemotherapy-Induced 





Nausea and Vomiting 


¢ Ascertain acute and delayed nausea and vomiting risk factors and adjust antiemetics as necessary 
* Multiple-day chemotherapy regimens may require additional days of antiemetic prophylaxis 
* 5-HT3 receptor antagonists are typically given as a single dose before the emetogenic agent 
* To improve antiemetic response, corticosteroids should be administered with the 5-HT3-receptor antagonist 
¢ Lorazepam or another benzodiazepine may be administered to reduce anxiety during the chemotherapy 
regimens 
¢ Hz2 blockers or proton pump mhibitors may be added to prevent dyspepsia 
* For patients receiving a highly emetogenic agent: 
o On day 1, 5-HT3-receptor antagonist*, NK-1 antagonist®, and steroid® 
o On days 2-3, if aprepitant given, aprepitant 80 mg PO and dexamethasone 8 mg PO/IV days 2-4; 
otherwise, dexamethasone 8 mg PO/IV on day 2 then 8 mg PO/IV BID days 2-4; if fosaprepitant given 
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day | or dexamethasone, 8 mg PO/IV BID days 2-4 if rolapitant given 
* For patients receiving a moderately emetogenic agent: 

o On day 1, 5-HT3-receptor antagonist* and dexamethasone 12 mg PO/IV plus aprepitant4 125 mg PO or 
fosaprepitant 150 mg IV, or rolapitant 180 mg PO in select patients at high risk of delayed nausea and 
vomiting 

o On days 2-3, if aprepitant given, aprepitant 80 mg PO daily with or without dexamethasone 8 mg PO 
daily; if fosaprepitant or rolapitant, with or without dexamethasone, 8 mg PO/IV daily 

* For patients at lower risk of delayed emesis, administer a 5-HT3—receptor antagonist plus dexamethasone 


on day | with or without dexamethasone on days 2—3 
* For patients receiving low emetogenic agent: 
o Dexamethasone 12 mg PO/IV, prochlorperazine 10 mg PO/TV, and then q 6 hr PRN, metoclopramide 


10-40 mg PO/IV then either q 4-6 hr PRN, or serotonin 5-HT3—receptor antagonist® 
* For patients receiving a minimaLrisk agent: 
o No routine prophylaxis 


IV = intravenous, PO = oral; PRN = as needed. 
aPalonosetron 0.25 mg IV (preferred only when not combined with a NK-1 RA); ondansetron 8-16 mg IV or 


16-24 mg PO; granisetron 0.01 mg/kg (1 mg max) IV or 2 mg PO or transdermal patch (3.1 mg/24 hr) applied 
24-48 hr before first dose of chemotherapy; dolasteron 100 mg PO. 
bAprepitant 125 mg PO; fosaprepitant 150 mg IV; rolapitant 180 mg PO. 


cDexamethasone 12 mg PO/IV if aprepitant or fosaprepitant given; dexamethasone 20 mg PO/IV if rolapitant 
given. 
dData from large randomized trials with aprepitant support use in patients receiving cisplatin (70 mg/m2) or 


anthracycline—cyclophosphamide combination regimens for breast cancer. 
eDolasteron 100 mg PO; granisetron 1-2 mg PO; ondansetron 8-16 mg PO. 


Palonosetron, a 5-HT3 receptor antagonist with a longer half-life 
(approximately 40 hours) and higher 5-HT3;-receptor binding as compared with 


other 5-HT3 receptor antagonists, is used for the prevention of acute and delayed 


nausea and vomiting from highly and moderately emetogenic chemotherapy.?°’ A 


study evaluating single-dose palonosetron versus ondansetron (both without 
dexamethasone) demonstrated efficacy (no emesis and no rescue medication 
required) of palonosetron as compared with ondansetron during the first day (81% 
versus 69%), days 2 to 5 (74% versus 55%), and over the entire period of | to 5 
days (69% versus 50%) of chemotherapy.’”’ The proportion of nausea-free patients 
was similar between the groups on days | to 2, while palonosetron-treated patients 
had significantly less nausea on days 3 to 5. 

Aprepitant and the IV formulation fosaprepitant are NK-1 RAs and are 
important agents in the prevention of acute and delayed nausea and vomiting from 
highly (e.g., cisplatin) and moderately (e.g., anthracycline-cyclophosphamide 
combinations) emetogenic chemotherapy.?7® A study evaluating an aprepitant 
regimen versus standard therapy in the prevention of CINV in patients receiving 
cisplatin showed that a regimen including aprepitant, ondansetron, and 
dexamethasone was more effective than a regimen of ondansetron and 
dexamethasone.*”’ In days 1 to 5 after cisplatin, 73% of aprepitant recipients 
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versus 52% of patients in the control group had a complete response (no emesis 
and no rescue medications required). In terms of nausea control, there were no 
significant differences between the groups during the acute and delayed phases or 
overall. 


In another study, patients receiving anthracycline—cyclophosphamide regimens 
were randomly assigned to receive oral ondansetron and dexamethasone with or 
without aprepitant on day 1.7°° On days 2 to 3, patients received either aprepitant 
or placebo with no additional dexamethasone. Overall, patients who received 
aprepitant had a better complete response (no emesis and no rescue medications 
required) than the placebo group (51% versus 42%). When the effects were 
evaluated in each phase separately, patients taking aprepitant achieved a better 
complete response during the acute phase (76% versus 69%); however, there was 
no significant difference in the delayed phase. Also, as in other trials, there was 
little or no impact on nausea in either group. 


In an attempt to define the smallest aprepitant dose needed to effectively 
prevent CINV, a study was completed evaluating a single 125-mg dose of 
aprepitant. This randomized, double-blind, placebo-controlled trial evaluated 
palonosetron 0.25 mg IV, aprepitant 125 mg PO, and dexamethasone PO versus the 
standard 3-day aprepitant (125 mg on day 1 and 80 mg on days 2 and 3) regimen.7>! 
Overall, during days 1 to 5 both groups displayed similar effectiveness in the 
prevention of emesis (93%) and similar outcomes in the control of nausea and 
complete response (no emesis and no rescue antiemetics required). Further studies 
will be necessary to verify these findings. The idea of a single oral aprepitant dose 
is solidified with the FDA approval of a single IV dose of fosaprepitant.7°7 


Netupitant—-palonosetron (NEPA) is the first antiemetic combination agent for 
CINV. In three pivotal clinical trials, NEPA plus dexamethasone demonstrated 
improvement over oral palonosetron plus dexamethasone for acute and delayed 
nausea and vomiting for cisplatin-based highly emetogenic chemotherapy (overall: 
89.6% versus 76.5%, respectively) or anthracycline—cyclophosphamide 
chemotherapy (overall: 74.3% versus 66.6%, respectively).7°> NEPA plus 
dexamethasone also showed significant improvement in nausea in both the delayed 
and acute settings over oral palonosetron plus dexamethasone for cisplatin-based 
highly emetogenic chemotherapy (overall: 89.6% versus 79.4%, respectively) or 
anthracycline-cyclophosphamide-based chemotherapy (overall: 74.6% versus 
69.1%, respectively). 


Rolapitant is a highly selective oral NK-1 RA utilized in the prevention of acute 
and delayed nausea and vomiting from highly and moderately emetogenic 
chemotherapy. Three studies have shown, after cycle 1, that rolapitant combined 
with granisetron and dexamethasone was significantly more effective than 
granisetron and dexamethasone during the delayed phase of CINV (70.1—72.7% 


versus 58.4-61.9%, respectively).?°> 
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Olanzapine has been evaluated as first-line prophylaxis of CINV. An 
olanzapine/5-HT 3 receptor antagonist/dexamethasone combination regimen showed 


superior delayed and overall complete response rates compared to 5-HT receptor 


antagonist/dexamethasone combination regimen in a phase III trial.2*? Another 
phase III trial compared olanzapine and aprepitant, both in combination with 
dexamethasone and palonosetron.7*4* Complete response rates were comparable for 
the olanzapine and aprepitant regimens (97% acute, 77% delayed, 77% overall 
phases versus 87% acute, 73% delayed, 73% overall phases, respectively). 
Furthermore, patients without nausea in the olanzapine group were 87% acute, 69% 
delayed, and 69% overall compared to 87% acute, 38% delayed, and 38% overall 
for the aprepitant group.?*4 


In patients who experience breakthrough nausea and emesis, changes should be 
made to the prophylactic regimen prior to the next chemotherapy session. When an 
antiemetic regimen fails, replacing the 5-HT; receptor blocker with another 


appears to benefit approximately 50% of patients.**>-**” If patients are experiencing 
delayed vomiting, adding NK-1 RAs or changing the 5-HT3 receptor blocker to 


palonosetron or both are appropriate choices. The addition of a benzodiazepine 
may assist patients with anxiety problems. For those patients experiencing nausea, 
the use of olanzapine with a 5-HT3 receptor blocker and dexamethsone has been 


shown to help prevent nausea. !°! 


Despite the existence of published guidelines, it should be noted that patients 
have unique nausea and emesis risk factors and may respond differently to both 
chemotherapy agents and antiemetics. Therefore, individualization of the antiemetic 
regimens is necessary to provide optimal emetic control. 


MISCELLANEOUS AGENTS 


Drugs known to induce nausea and vomiting should be avoided if there are equally 
effective alternative agents available. Unfortunately, it is difficult to predict which 
patients will experience nausea or vomiting because these adverse events occur 
sporadically. Taking an oral medication with food may decrease nausea and 
vomiting in some cases and with some agents; however, drug—food interactions 
should be considered and avoided. Prophylactic use of an antiemetic may be 
necessary and appropriate in some situations. Ginger has also been evaluated in the 
prevention of CINV. A systematic review found seven studies that were mixed in 
their support of ginger for CINV, including three studies demonstrating a positive 
effect, two in favor but with caveats, and two trials with no effect on CINV.2°° 
Therefore, the use of ginger for CINV is equivocal, and further studies are required 
before recommending ginger for clinical use. 
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MANAGEMENT 
OPIOIDS 


Nausea and vomiting are common in patients beginning opioid therapy and 
generally resolve within the first several days of initiation. Often, having the patient 
take the opioid agent with food can minimize nausea and vomiting. Decreasing the 
dose or switching to a different opioid drug is another option. Patients who 
experience severe or repeated episodes of nausea or vomiting or both despite these 
interventions may benefit from scheduled doses of an antiemetic agent. The patient 
should be evaluated to rule out other causes of the GI symptoms. Table 40-13 lists 
agents commonly used in the treatment of opioid-induced nausea and 
vomiting, !!61!7 

In general, drugs useful in the treatment of opioid-induced nausea and vomiting 
include dopamine receptor antagonists, anticholinergic agents, and 5-HT,—receptor 


antagonists. !°>-9-74! Nausea and vomiting accompanied by abdominal distention or 
occurring immediately after meals may be attributed to opioid-induced 
gastroparesis, which may respond to metoclopramide administration before each 
meal and at bedtime. If the nausea and vomiting are associated with movement or 
are accompanied by dizziness, an anticholinergic agent or an antihistamine would 


be a more appropriate option.!™ 


Table 40-13 Agents for the Management of Opioid-Induced 


Nausea and Vomiting 





Class Drugs 
Anticholinergic Scopolamine 
Antihistamine Diphenhydramine 
Benzodiazepine Midazolam 
Corticosteroid Dexamethasone 
DOPAMINE ANTAGONISTS 

5-HT3—receptor antagonist Ondansetron 
Substituted benzamide Metoclopramidea 
Butyrophenones Droperidol, haloperidol 
Opioid antagonistb Naloxone 
Phenothiazines Prochlorperazine, promethazinec 


aAlso possesses peripheral activity at 5-HT 3 and 5-HT 4 receptors. 


bWhen administered systemically in very low doses; may counteract analgesia. 
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cAlso possesses antihistaminic and anticholinergic activity. 


Ondansetron has been compared to metoclopramide for the management of 
opioid-induced emesis after surgery. In a study of over 1,000 patients, ondansetron 
8 mg IV, ondansetron 16 mg IV, and metoclopramide 10 mg IV were evaluated for 
the treatment of opioid-induced emesis.”*! Control of emesis was achieved in 63%, 
61%, and 48% of patients, respectively; however, there was no significant 
difference in nausea scores among groups. This finding is similar to other trials. 
Overall, it appears that ondansetron 8 mg IV is effective for the management of 
opioid-induced vomiting. 

Methylnaltrexone, a peripheral opioid antagonist, may have the potential to treat 
opioid-induced nausea and vomiting. A small double-blind, randomized, placebo- 
controlled trial of 12 participants receiving morphine with placebo or morphine 
with methylnaltrexone showed that patients in the methylnaltrexone arm had a 
significant reduction in delayed gastric emptying as well as significantly reduced 
opioid subjective effects including nausea.*** Larger, randomized controlled trials 
will need to be performed to address methylnaltrexone’s role in treating or 
preventing opioid-induced nausea and vomiting. 


PERIOPERATIVE AGENTS 


Patients who experience PONV should limit movement and position changes, 
because excessive motion may exacerbate the condition. In general, any food or 
fluid intake by mouth should be discouraged for the first 8 hours postoperatively in 
patients experiencing PONV.!° Patients who did not receive prophylactic therapy 
with a 5-HT3—receptor antagonist should be treated with one of these agents 


postoperatively at the onset of PONV. Repeating the antiemetic used for PONV 
prophylaxis within 6 hours after the patient leaves the postanesthesia care unit 
offers no additional benefit. Instead, an antiemetic from another class should be 
tried. If more than 6 hours have elapsed, repeating the dose of the 5-HT3;—receptor 
antagonist or droperidol can be attempted; however, limited data support this 
practice. !9? 

The effectiveness of granisetron or ondansetron for breakthrough PONV 
following prophylactic ondansetron has been evaluated.** In this trial, there were 
no significant differences between the granisetron and ondansetron groups in the 4- 
hour postoperative period. Up to a 68% complete response rate (resolution of 
PONV with no additional rescue medication required) was reported. A 
randomized, placebo-controlled trial of ondansetron 4 mg IV was conducted to 
evaluate PONV treatment in over 400 patients receiving inhaled anesthesia. All 
patients received preoperative prophylactic ondansetron. Complete response (no 
emesis and no rescue medication required) was similar for both the ondansetron 
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and placebo groups at 2 hours (34% and 43%, respectively) and 24 hours (28% 
and 32%, respectively) after anesthesia. Patients who received repeated 
ondansetron doses for postoperative emesis or nausea had effects similar to those 
who received placebo.“* Table 40-14 lists antiemetic agents and_ their 
recommended doses for PONV treatment. !4!-!% 


Table 40-14 Agents for the Management of Postoperative 


Nausea and Vomiting 





Drug Dose 

Dexamethasone 2-4 mg IV 

Dolasetron 12.5 mg IV 

Droperidola,b 0.625—1.25 mg IM/IV; may give additional 1.25 mg as 
needed 

Granisetron 0.1 mg IV 

Metoclopramideb 10 mg IV q 4-6 hr as needed 

Ondansetron 1-4 mg IV 

Prochlorperazineb 5—10 mg IM/IV; may repeat once if needed 

Promethazineb 6.25—25 mg IM/IV; may repeat once if needed 

Tropisetron 0.5 mg IV 


IM = intramuscular, [V = intravenous. 
aCaution should be exercised when giving additional doses because of the risk of inducing cardiac arrhythmias. 


bRepeated doses may increase the risk of extrapyramidal symptoms. 


CHEMOTHERAPY 


Prevention is the best management strategy for chemotherapy-induced nausea and 
vomiting. Although the oncology literature is replete with information regarding 
prevention of this drug-induced disease, data regarding the effectiveness of various 
management strategies are sparse. Several national groups have developed 
guidelines for the treatment of CINV,'®.!6!23724 The drugs and doses commonly 
used are listed in Table 40-15. If breakthrough emesis develops despite adequate 
prophylaxis with a 5-HT, antagonist combined with dexamethasone, therapy with 
an agent from a different drug class should be initiated. A single dose of a 5-HT} 
antagonist is expected to occupy the receptor site and maintain effectiveness for up 
to 24 hours, thereby obviating the need for repeat dosing. 


Table 40-15 Agents for the Management of Chemotherapy- 


1728 


Induced Nausea and Vomiting 


For treatment of breakthrough nausea and vomiting despite the use 
of prophylactic antiemetics: 


Dexamethasone 12 mg IV/PO 
* Dolasetron 100 mg PO 
Dronabinol 5-10 mg PO 
* Granisetron 1-2 mg PO or 0.01 mg/kg (max | mg) IV 
* Haloperidol 0.5—2 mg PO/IV 
* Lorazepam 0.5—2 mg PO/ SL/IV 
* Metoclopramide 10—40 mg IV 
* Nabilone 1-2 mg PO 
* Olanzapine 5—10 mg PO 
* Ondansetron 16-24 mg PO or 8-16 mg IV 
* Prochlorperazine 10 mg PO/IV or 25 mg PR 
¢ Promethazine 12.5—25 mg PO/IV or 25 mg PR 
¢ Scopalamine transdermal patch q 72 hr 


IV = intravenous, PO = oral, PR = rectal, SL = sublingual. 


Choice of a specific drug to treat CINV depends on the patient’s prophylactic 
regimen and his or her ability to tolerate potential adverse effects of the agent 
selected. Many drugs, including lorazepam, phenothiazines, metoclopramide, 
corticosteroids, butyrophenones, and dronabinol, have been used for the treatment 
of chemotherapy-induced emesis. Oral cannabinoids (i.e., dronabinol, nabilone) 
have also been shown to be effective in relieving CINV. Smoked marijuana, 
although highly touted as an effective treatment, has not been thoroughly evaluated 
in patients who are undergoing chemotherapy. A small, double-blind, placebo- 
controlled trial compared ondansetron and smoked marijuana in 13 patients who 
ingested ipecac syrup.*“° Ondansetron was significantly more effective than either 
smoked marijuana or placebo for the prevention of nausea and emesis. There was 
no difference in the incidence of nausea in patients treated with marijuana versus 
those who received placebo. Several states allow the use of marijuana for 
medicinal purposes. Although distributors and users can still be prosecuted under 
federal law, enforcement hasn’t occurred in recent years. The American Cancer 
Society supports the need for more scientific research on cannabinoids in patients 
with cancer.*4/ 

If a patient received a 5-HT3-receptor antagonist for prophylaxis, dopamine 
receptor inhibitors such as phenothiazines, metoclopramide, or butyrophenones can 
be administered for breakthrough nausea and vomiting.!©°!°!3” Olanzapine, at a 
dose of 10 mg orally for 3 days, has been compared to metoclopramide for 
breakthrough nausea and vomiting where a higher proportion of patients had no 
significant vomiting (70% versus 31%) and no significant nausea (68% versus 
23%) with olanzapine than metoclopramide, respectively.*** These agents should 
be used cautiously, however, in patients at risk for extrapyramidal effects (e.g., 
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pediatric and young adult patients and those with underlying Parkinson disease).7“” 
If a patient did not receive a 5-HT3 antagonist as prophylaxis, then 


postchemotherapy nausea and vomiting may be treated with one of these drugs. 
Before the next chemotherapy cycle, the patient’s antiemetic regimen should be 
altered to include a 5-HT3—-receptor antagonist and dexamethasone with the 


addition of NK-1 RA or olanzapine if the patient experienced delayed nausea and 
vomiting. 


MISCELLANEOUS AGENTS 


A study of patients with acquired immunodeficiency syndrome (AIDS) who were 
newly diagnosed with Pneumocystis (carinii) jiroveci pneumonia evaluated the 
role of ondansetron in the treatment of TMP/SMX-induced nausea and vomiting.7°° 
Sixteen patients were treated with 1,120 mg of the trimethoprim component of 
parenteral TMP/SMX with plans to switch to two oral TMP/SMX double-strength 
tablets four times a day for a total of 21 days. Patients received ondansetron 8 mg 
PO every 8 hours for 25 days. Only 7 patients completed all of the planned 
TMP/SMX treatment. Therapy was discontinued in the others for a variety of 
reasons. Overall, for 16 patients who initially received TMP/SMX, 69% had a 
“good emetic response,” defined as two or fewer emetic episodes, and 44% 
experienced a “good nausea response,” defined as no or mild nausea. Six patients 
were switched to a trimethoprim—dapsone regimen and did not experience any 
additional emesis. It is obvious from this trial that nausea and vomiting may 
develop in AIDS patients receiving high-dose TMP/SMX and that it can require 
switching therapy or the addition of antiemetics. It is unclear what impact 
ondansetron provided, because there was no control group. 


Erythromycin can induce nausea and vomiting in a substantial number of 
patients. One study evaluated the role of glycopyrrolate and longer erythromycin 
infusion times on the incidence of nausea and vomiting.”> This randomized, double- 
blind, placebo-controlled trial studied 51 patients receiving erythromycin 500 mg 
IV every 6 hours infused over either 30 or 60 minutes. Patients were randomly 
assigned to receive either glycopyrrolate 0.1 mg IV or placebo. Nausea and 
vomiting were significantly reduced in patients who received the 60-minute 
infusion and pretreatment with glycopyrrolate. 


When nausea and vomiting are due to high serum concentrations of a drug, as 
with digoxin, for example, it is often necessary to temporarily discontinue the 
medication to allow the drug concentration to decrease before restarting therapy at 
a lower dose. 


INFORMATION FOR PATIENTS 
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OPIOIDS 


Patients started on therapy with opioid analgesics should be warned of the likely 
occurrence of nausea with or without vomiting. Patients should be informed that 
these symptoms are generally transient and will usually subside after the first few 
days of therapy. The exception is nausea and vomiting that occur as a result of 
opioid-induced constipation, to which tolerance will not develop. Patients who 
will receive long-term opioid therapy should take an appropriate stimulant laxative 
to prevent constipation and its associated problems, including nausea and vomiting. 
These patients should be informed that the bowel regimen should be continued 
throughout the duration of opioid treatment. Patients should be told that they can 
take the opioid analgesic with meals to help lessen gastric irritation that can often 
lead to nausea, vomiting, and abdominal pain. 


Patients beginning opioid therapy should be counseled regarding the specific 
antiemetic agent to be used if nausea, vomiting, or both occur, and a prescription 
for an appropriate rescue antiemetic should be provided. Patients should also be 
instructed to seek medical attention if the nausea and vomiting become severe or if 
these symptoms are accompanied by others, such as abdominal pain or fever. 


PERIOPERATIVE AGENTS 


Patients should be informed during the preoperative interview that the overall risk 
of PONV ranges from 10% to 80%. In patients with no identifiable risk factors, the 
PONV probability is approximately 10%. Patients should be made aware of the 
risk factors associated with PONV and should be questioned about their previous 
experiences with general anesthesia. In addition, any prior adverse drug reactions 
or drug-induced diseases should be documented during the preoperative evaluation. 


Patients should be instructed not to eat or drink anything during the specified 
preoperative period (anesthesiologists have preferences regarding the specific 
duration of time based on the type of surgery, type and duration of anesthesia, and 
patient-related risk factors for PONV). Questions that the patient may have 
regarding the surgery should be answered, and any concerns should be addressed. 
Preoperative anxiety has been linked to PONV, so anything that can alleviate the 
patient’s anxiety may reduce that risk.!?° 


CHEMOTHERAPY 


CINV can be a distressing drug-induced disease that can significantly affect quality 
of life. Clinicians and patients must understand that there are no available drugs that 
are effective for the prevention or treatment of nausea and vomiting in all cases. Ifa 
patient has a prescription for a scheduled antiemetic therapy at home, he or she 
should be advised to take that medication as instructed. Many patients feel well 
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immediately following chemotherapy and do not have prescriptions filled promptly; 
others cannot afford the medications. In either case, patients may find themselves 
unprepared to deal with delayed nausea and vomiting if and when it occurs. 
Patients with persistent nausea and vomiting that interferes with oral intake should 
be instructed to contact their healthcare professional. Patients should be advised to 
seek immediate medical attention if severe symptoms of dehydration (e.g., 
dizziness, confusion) occur and should be advised to maintain adequate fluid intake 
to prevent dehydration. Good communication between the patient and healthcare 
provider(s) is essential to the maintenance of effective antiemetic therapy. Patients 
in whom nausea develops should be instructed to eat small meals and choose bland 
foods (crackers, flat soda, etc.) and should avoid fatty, fried, very spicy, or sweet 
foods. To prevent nausea, patients should be encouraged to eat foods that are cold 
or at room temperature, because the aroma of warm or hot foods can increase 
nausea. 


MISCELLANEOUS AGENTS 


Anyone beginning therapy with a new medication may experience nausea and 
vomiting. Patients should routinely be instructed to contact their healthcare 
providers to discuss alternative therapeutic approaches if they are unable to 
tolerate the new agent. In some cases, the strategies to control nausea and vomiting 
described above may be helpful and necessary. 


Note: The authors wish to acknowledge the work of Dr. Nayahmka McGriff-Lee, who authored this chapter in 
a previous edition. 
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CHAPTER 41 


Acute Kidney Injury 


Amy Barton Pai and Nicole M. Wegrzyn 


The kidneys are a primary pathway for the elimination of drugs and toxins, and they 
receive 25% of cardiac output, thus increasing their exposure to circulating drugs. 
In addition, renal hemodynamics may be altered by drugs. These factors result in 
enhanced susceptibility to drug-induced injury by enhancing potential for proximal 
tubule cell uptake and by reducing glomerular capillary pressure.! Although there is 
no universal definition of acute kidney injury (AKI), an increase in serum creatinine 
concentration of 25-30% above baseline values is a useful working definition. 
Newer definitions exist, but are not yet universally used in the literature.2° AKI 
occurs in up to 5% of hospitalized patients, and it has been estimated that 
approximately 20% of these cases are drug induced.* In an analysis of adverse 
events in hospitalized patients, kidney dysfunction accounted for 6.7% of drug- 
related complications.” The true incidence of drug-induced AKI is difficult to 
determine due to the lack of consistency in defining the condition.° 


To help distinguish between differing etiologies and outcomes, AKI can be 
categorized as either community-acquired (CA-AKI) or hospital-acquired (HA- 
AKI). Common causes of HA-AKI include sepsis or other critical illnesses and 
exposure to contrast media or nephrotoxic medications commonly used in inpatient 
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care. CA-AKI is characterized by a rapid decline in kidney function that occurs in 
the outpatient setting and is typically caused by disease and by medications that 
alter renal hemodynamics and reduce effective perfusion. Because of the rapid 
onset of AKI, uremia and fluid overload are often worse than seen in patients with 
chronic kidney disease. Early symptoms reported by patients include fatigue, 
reduced urine output, and edema, especially in the lower extremites. ’ 


Recent analyses have shown that the incidence of CA-AKI is higher than the 
incidence of HA-AKI. Approximately 80% of those hospitalized and discharged 
with the AKI International Classification of Diseases (ICD)-9 fit criteria for CA- 
AKI.® Duration of hospitalization and mortality rate are lower among CA-AKI 
patients than in those with HA-AKI. Recovery of kidney function is incomplete in 
those with CA-AKI, and data show similar long-term outcomes on kidney function 
to patients who experience HA-AKI, with nearly 40% developing new-onset or 
progression of chronic kidney disease (CKD).”!? A recent cohort analysis of 
Veterans Affairs (VA) hospital patients in upstate New York found the incidence of 
CA-AKI to be 3.5 times higher than HA-AKL® In a large cohort study performed in 
the United Kingdom, significantly more patients with CA-AKI received a new 
diagnosis of CKD within 14 months of the CA-AKI episode versus those with HA- 
AKI. Approximately 15% of patients with CA-AKI had no notation of renal 
impairment or planned follow-up at discharge.!* A retrospective analysis of AKI 
admissions (335 CA-AKI and 87 HA-AKI) at a VA hospital in Kentucky found that 
documented outpatient nonsteroidal anti-inflammatory drug (NSAID) use was 
higher in the CA-AKI group than the HA-AKI (64 versus 10 patients).!° Potential 
biomarkers of AKI and kidney failure are being identified and evaluated and may in 
the future refine our ability to predict and prevent drug-induced AKI.!*:!4 


Drug-induced AKI can result from renal hemodynamic alterations leading to 
reduced renal perfusion, from direct toxicity to the renal tubule cells (acute tubular 
necrosis), from tubulointerstitial inflammation secondary to an allergic reaction 
(acute interstitial nephritis), from precipitation of drug crystals resulting in 
obstruction (nephrolithiasis), or from an immune-mediated reaction resulting in 
damage to the glomerulus (glomerulonephritis). The sections that follow provide 
additional detail regarding the agents known to cause AKI by each of these 
mechanisms. 


HEMODYNAMIC-MEDIATED AKI 


Hemodynamic-mediated AKI manifests primarily as prerenal azotemia and 1s the 
most frequently reported cause of CA-AKI.!° Dilation of the efferent arteriole or 
constriction of the afferent arteriole reduces the effective perfusion of the 
glomerulus, thus decreasing filtration. 
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CAUSATIVE AGENTS 


Any agent that decreases intravascular volume and renal perfusion (e.g., diuretics), 
constricts the afferent arteriole (e.g., NSAIDs, cyclooxygenase-2 [COX-2] 
inhibitors, cyclosporine) or dilates the efferent arteriole (e.g., angiotensin- 
converting enzyme inhibitors [ACEIs], angiotensin receptor blockers [ARBs], 
direct renin inhibitors) can induce hemodynamically mediated AKI when 
predisposing factors are present. The drugs most frequently associated with 
alteration of intrarenal hemodynamics are the ACEIs and NSAIDs.!° These and 
other agents implicated in drug-induced AKI are included in Table 41-1. 


EPIDEMIOLOGY 


ACEIs and ARBs are frequently used to treat hypertension, reduce ventricular 
remodeling, and prevent progression of proteinuric kidney disease.'’ According to 
one report, an acute rise in serum creatinine concentration greater than three times 
baseline occurred in 38% of patients with unilateral renal artery stenosis who 
received captopril.'’ Ina series of patients with no known renal artery stenosis, 6% 
receiving captopril had a rise in serum creatinine that warranted discontinuation of 
the drug.'* Aliskiren is a direct renin inhibitor that has been investigated as an 
antihypertensive and renoprotective agent.°®8? Short-term studies (2-6 months) 
have not demonstrated increased risk of elevation of serum creatinine 
concentrations with aliskiren combined with losartan or ramipril versus losartan or 
ramipril alone.®””? However, in a large multicenter trial of patients with diabetic 
nephropathy, two patients in the aliskiren plus losartan combination group 
developed acute kidney failure, versus none who received the ARB alone.” 
NSAIDs are used extensively worldwide. An estimated 36 million Americans 
use nonprescription analgesics ona daily basis.7!°! NSAIDs and COX-2 inhibitors 
are among the most frequently prescribed agents in the United States.°””? Adverse 
kidney effects secondary to NSAID use occur in 1—-5% of patients and account for 
an estimated 37% of drug-associated AKI cases.!°7! COX-2 inhibitor—induced 
AKI has been documented in approximately 240 reports to the U.S. Food and Drug 
Administration and in 20 published case reports.27°**° A study completed while 
rofecoxib was still available in the United States examined the incidence of 
adverse kidney experiences with that agent when used for osteoarthritis versus 
ibuprofen, diclofenac, and nabumetone.?’ The incidence of adverse renovascular 
events, including the development of edema, heart failure, hypertension, and 
elevated serum creatinine were similar between drugs, with no reported cases of 
fulminant AKI. However, this trial excluded high-risk patients with CKD. There 
have been no prospective studies linking NSAID use to AKI or other renal 
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complications. The majority of data have been from large cohort studies in the 
United Kingdom, Europe, and Canada—countries that have nationalized healthcare 
and database infrastructure that allows linkage of outpatient and inpatient data. All 
of the existing literature has examined prescription NSAID use, which underscores 
the need to capture nonprescription NSAID exposure as well. Previous studies 
have also relied on accurate coding of AKI admissions which likely limits 
assessment of CA-AKI because patients may not be admitted.°%? Studies 
evaluating estimated glomerular filtration rate decline are limited by inclusion of 
relatively young patients with intact kidney function.!°°!°! Because the major 
causes of CA-AKI are hypovolemia and clinical situations or medications that can 
affect renal blood flow, an understanding of the relationships between NSAID use 
and drug-induced hemodynamic changes is important in the identification of at-risk 
populations and the design of effective methods to minimize NSAID exposure. 
Several authors have identified varying levels of risk for AKI associated with what 
has been referred to as the “triple whammy” (concomitant exposure to diuretics, 
renin angiotension system inhibitors, and NSAIDs).!°-!°* A nested case-control 
study utilizing Tennessee Medicaid enrollees represents the only published U.S. 
data to date.*’ The study evaluated the association of NSAID use on ICD-9 coded 
AKI hospitalizations and serum creatinine parameters. NSAID use was higher 
among AKI cases versus population controls. Use of NSAIDs increased the risk of 
AKI by 58% (RR 1.58, 95% CI 1.34—1.86), and the authors specifically reported 
that higher doses of ibuprofen (defined as doses greater than or equal to the 
maximum recommended starting dose) were associated with higher risk of 
developing AKI.’ 


Table 41-1 Agents Implicated in Drug-Induced Acute Kidney 
Injury 





Incidence Level of Evidence* 


ACUTE INTERSTITIAL NEPHRITIS 
Allopurinoll 


5-aminosalicylic acids64 
B-lactam antibiotics | 
Ciprofloxacin65 
Erythromycin66 

H 7 teceptor antagonists | 


Lithium67 
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Loop diuretics 1 
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NSAIDs1,68 
Phenytoin69 

Proton pump inhibitors 70 
Rifampin71 

Thiazide diuretics72 
Valproic acid73 


ACUTE TUBULAR NECROSIS 
Aminoglycosides28-32 


Amphotericin B desoxycholate27,33-37 


Amphotericin B lipid-based 
formulations38,39 


Carboplatin45 
CisplatinS8-60 
Colistin173,174 
Ifosfamide6 1-63 
Radiocontrast media40-57 


No diabetes or pre-existing chronic 
kidney disease 


Diabetes 
Pre-existing chronic kidney disease 


Pre-existing chronic kidney disease 
and diabetes 


GLOMERULONEPHRITIS 
Allopurmoll 


Ampicillin 
Gold83 


Hydralazine84 
Lithium70 
NSAIDs 16 
Penicillamine85 
Phenytoin86 
Propylthiouracil87 
Rifampin71 


HEMODYNAMIC-MEDIATED 
ACEI and ARBs17-19 
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6% 
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27-81% 
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Cyclosporine20 


Diuretics (loop diuretics such as furosemide 
have a greater risk than 
hydrochlorothiazide) 15 


NSAIDs and COX-?2 inhibitors2 1-27 





NEPHROLITHIASIS 

Allopurinol75 G 
Foscarnet76 A 
Furosemide77 B 
Indinavir78,79 A 
Topiramate80 A 
Sulfonamides8 | B 


ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, COX-2 = 
cyclooxygenase-2, NK = not known, NSAID = nonsteroidal anti-inflammatory drug. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence is higher when contemporary definitions of AKI are applied. 


cIncidence is dose-dependent. 


dPatients with unilateral renal artery constriction. 


MECHANISMS 


Mechanisms of drug-induced AKI are listed in Table 41-2. ACEIs and ARBs affect 
renal hemodynamics by selectively dilating the efferent arteriole. In patients with 
adequate renal perfusion and no disease-specific risks, dilation of the efferent 
arteriole rarely compromises the GFR.!°° However, in the setting of reduced renal 
perfusion, as might occur in patients with hypovolemia or heart failure, adequate 
glomerular filtration is maintained by activation of the renin—angiotensin— 
aldosterone system (RAAS). The resultant constriction of the efferent arteriole 
allows glomerular capillary pressure to be maintained. In these “renin-dependent” 
states, inhibition of the RAAS by ACEIs or ARBs may result in a precipitous drop 


in glomerular filtration. In addition, decreasing renal perfusion increases the risk of 


kidney ischemia and necrosis. !°° 


———————— Sw 
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Table 41-2 Mechanisms of Drug-Induced Acute Kidney Injury 


Drug 
ACEI, ARBs17-19 


Acyclovir,74 
sulfadiazine,8 1 
indinavir78,79 


Aminoglycosides28-32 
Amphotericin B28,33-37 
Cisplatin58-60 


Lithium70 


NSAIDs, COX-2 
inhibitors2 1-27 


Mechanism 


Efferent arteriole vasodilation especially when renin-angiotensin-aldosterone 
system—dependent vasoconstriction is present 


Supersaturation of the urine with solute, resulting in crystal formation 


Saturable accumulation of aminoglycosides in the S1 and S2 segments of the 
proximal tubule, leading to inhibition of phospholipases and tubular cell death 


Afferent arteriole vasoconstriction and altered tubule cell permeability leading to 
cell lysis 


Tubular cell toxicity secondary to binding to mitochondrial DNA, impairing cellular 
function and inducing apoptosis 


Development of minimal-change disease and focal segmental glomerulosclerosis 


Hemodynamic: Inhibition of prostaglandin-dependent afferent arteriole vasodilation 
Acute interstitial nephritis: T cells infiltrate the kidney interstitium, imitating an 


immunologic response 


Afferent arteriole vasoconstriction and reactive oxygen species—mediated tubular 
toxicity 


Radiocontrast media40-57 


ACEI = angiotensin-converting enzyme inhibitor, ARB = angiotensin receptor blocker, COX-2 = 
cyclooxygenase-2, DNA = deoxyribonucleic acid, NSAID = nonsteroidal anti-inflammatory drug. 


COX-2 inhibitors and nonselective NSAIDs inhibit the enzymatic activity of 
COX, blocking the formation of autocoid prostaglandins from arachidonic acid. 
Two isoforms of COX have been identified.2* COX-1 is constitutively expressed 
and mediates homeostatic functions such as gastrointestinal cytoprotection, platelet 
aggregation, and renal perfusion.*+* COX-2 is considered to be an inducible isoform 
that channels the production of prostaglandins responsible for pain and 
inflammation.*! Conventional NSAIDs inhibit the activity of both COX-1 and 
COX-2 isoforms. The COX-2 inhibitors specifically block the enzymatic activity of 
the inducible COX-2 isoform of COX. The therapeutic benefits of the NSAIDs are 
attributed to COX-2 inhibition, whereas the adverse gastrointestinal, platelet, and 
kidney effects are attributed to COX-1 inhibition.2!~+ The primary kidney effects of 
nonselective COX inhibition are vasoconstriction of the afferent arteriole, 
increased sodium reabsorption, and decreased potassium excretion.2> Data from 
human and animal studies confirm that COX-2 is constitutively expressed in the 
kidney and its expression is increased in states of sodium restriction.7!:!07!% 
Current data suggest that COX-2 is essential to the maintenance of renal 
hemodynamics because of prostaglandin-mediated vasodilation of the afferent 
arteriole.!°? COX-2 expression also appears to be mediated by angiotensin II.7° 
The renal effects of COX-2 inhibitors appear to be similar to those of NSAIDs and, 
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in high-risk patients can lead to AKI, necessitating cautious use in certain 
populations.2>7:1!0 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms associated with AKI are included in Table 41-3. Patients with 
AKI secondary to ACEI or ARB therapy frequently have experienced an acute 
hypovolemic insult with an associated rise in serum creatinine concentration.!!! 
Patients may have laboratory findings consistent with prerenal azotemia but rarely 
present with symptoms of fulminant uremia. Kidney dysfunction due to an ACEI or 
ARB is commonly identified during routine laboratory monitoring in the outpatient 
setting. Elevations in serum creatinine concentration typically occur within 2 weeks 
after the initiation of these drugs and can be more pronounced in patients with 
known risk factors (see below).!!* Differential diagnosis includes other causes of 
prerenal azotemia, including hypovolemia (e.g., excessive diuresis, vomiting, 
diarrhea), heart failure, cirrhosis, or sepsis (Table 41-4). Acute renal compromise 
can occur with a single dose of an NSAID, and the risk has been shown to escalate 
with increasing doses and duration of use.?>7’!!> Patients typically present with 
elevated serum creatinine and blood urea nitrogen concentrations, weight gain, and 
diminished urine output. Patients receiving NSAIDs may also present with kidney 
dysfunction following any event that compromises renal blood flow (e.g., heart 
failure, gastroenteritis). NSAIDs inhibit prostaglandin-mediated renin release, 
impairing the excretion of potassium, and thus hyperkalemia is also commonly 
found in patients presenting with NSAID-induced AKI.!'? Irreversible kidney 
failure due to prolonged renal ischemia can occur in high-risk patients in whom 
kidney dysfunction is not recognized. !!4 


Patients with COX-2 inhibitor—induced AKI present with a clinical picture 
similar to NSAID-induced AKI. Hyperkalemia, volume overload, and 
hyponatremia are common features of COX-2 inhibitor—induced AKI.” The 
duration of COX2-inhibitor use before presenting with AKI has varied within the 
range of 6-21 days.” 


Table 41-3 Signs and Symptoms Associated with Drug-Induced 





Acute Kidney Injury 


General 


* Costovertebralangle tenderness 
¢ Edema 
¢ Elevated serum creatinine concentration 
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* Fever 

* Hypertension 

° Malaise 

* Rapid weight gain 


Acute interstitial nephritis 


¢ Arthralgias 

* Eosinophilia 

¢ Eosinophiluria 
¢ Protemuria 

* Pyuria 

¢ Skin rash 


Acute tubular necrosis 

¢ Magnesium wasting (cisplatin/carboplatin-induced) 
* Oliguria 

Glomerulonephritis 


¢ Foamy urine 

¢ Marked facial and lower extremity pittng edema 
* Oliguria 

* Proteinuria 

¢ Skin rash 


Nephrolithiasis 


¢ Hematuria 
* Renal colic 


Table 41-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Acute Kidney Injury 





For patients with suspected drug-induced AKI 


¢ Autoimmune glomerular disease 
* Chronic kidney disease 

* Cirrhosis 

¢ Heart failure exacerbation 

* Hypovolemia 

* Infection 

* Sepsis 


For patients with suspected drug-induced nephrolithiasis 


¢ Abdominal aortic aneurysm 
* Appendicitis 

* Ectopic pregnancy 

¢ Pyelonephritis 


AKI = acute kidney injury. 
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RISK FACTORS 


Table 41-5 and Table 41-6 provide an overview of risk factors for drug-induced 
AKI. Acute hypovolemia secondary to vomiting, diarrhea, or excessive diuresis are 
common precipitating events for the development of AKI secondary to ACEI or 
ARB therapy, especially in patients over the age of 80 years.!°>!!2-!!> The risk of an 
acute increase in serum creatinine concentration >30% above baseline with renin— 
angiotensin system blockade is markedly increased in patients with CKD and in 
conditions in which reduced effective plasma volume leads to renal hypoperfusion 
including, most commonly, volume depletion, heart failure, or cirrhosis.!° In 
patients with severe atherosclerotic cardiovascular disease or those who are heavy 
smokers, bilateral renal artery stenosis should be considered as a potential cause of 
hemodynamic-mediated AKI when other more obvious causes are not present.’ 
Concomitant therapy with NSAIDs, diuretics, or both has been identified as a 
predisposing factor for ACELinduced AKI.!°:!!© Longer-acting ACEIs (e.g., 
lisinopril) have been associated with a higher incidence of AKI, as compared with 
shorter-acting agents (e.g., captopril).!° 








Table 41-5 Drug-Specific Risk Factors for Acute Kidney Injury 





























Risk Factor | ACEI NSAID AMG AmB CM 
Diabetes mellitus D D NK NK D 
Dose/duration of therapy P D D D P 

Elderly | D D | D | y | D 
Hypoperfusion D D D D D 
Pre-existing chronic kidney disease D D | D D | D 

ACEI = angiotensin-converting enzyme inhibitor, AmB = amphotericin B, AMG = aminoglycoside, CM = contrast media, D = definite risk factor, 
NSAID = nonsteroidal anti-inflammatory drug, NK = not known if risk factor, P = probable risk factor. 





* Concomitant administration of nephrotoxins 
° Elderly 
* Hemodynamic dose-dependent effects 
* Known allergic response to agent (acute interstitial nephritis) 
* Pre-existing chronic kidney disease 
* Prolonged therapy with nephrotoxins 
* Renin-dependent disease states 
o Cirrhosis 
o Heart failure 
o Hypovolemia 
o Overdiresis 


Prostaglandin inhibition by nonselective NSAIDs and COX-2 inhibitors rarely 
compromises kidney function in healthy patients receiving therapeutic doses of 
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these agents on a short-term basis (e.g., 7-10 days).!!” Patients at risk for AKI are 
those with disease states that reduce renal perfusion and require a compensatory 
increase in renal prostaglandins to promote vasodilation of the afferent arteriole 
and maintain adequate glomerular capillary pressure and filtration.!!® Elderly 
patients with age-related CKD are at high risk for drug-induced AKI, and the use of 
NSAIDs may increase the risk by up to 58% in patients older than 65 years.?’ A 
greater risk of AKI has also been associated with total daily doses of ibuprofen 
>1,200 mg.7’ Reported risk factors for COX2 inhibitor—induced AKI are similar to 
those of NSAID-induced AKI, including age >60 years, CKD, and concomitant 
therapy with loop diuretics.”? ACE inhibition up-regulates COX-2 expression, and 
patients dependent on angiotensin II for glomerular perfusion may be at increased 
risk for AKI when receiving concomitant ACEI therapy.*° The development of 
kidney failure may also be associated with doses exceeding the labelling 
recommendation for COX-2 inhibitors. 


MORBIDITY AND MORTALITY 


Mortality secondary to AKI induced by an ACEI or ARB alone is low. Morbidity 
has not been well characterized but may be substantial given the high prevalence of 
ACEI and ARB use in high-risk populations such as those with CKD and heart 


failure.!'* Analysis of the Studies of Left Ventricular Dysfunction data demonstrated 
a 4% greater risk of decreased kidney function (defined as a serum creatinine 
concentration increase >0.5 mg/dL from baseline) in patients receiving enalapril 
2.5-10 mg twice daily as compared with a placebo-treated group. |!” 

The majority of NSAID-induced AKI cases resolve promptly after 
discontinuation of the offending agent; however, hospitalization may be necessary 
to provide supportive management, particularly if volume overload or 
hyperkalemia is present. Rarely, hemodynamic-mediated deterioration of kidney 
function can lead to irreversible, long-term kidney failure, necessitating dialysis.” 
The majority of reported cases of COX-2-induced AKI have resolved within 2—8 
days after discontinuing the offending agent.?””> Some patients have required short- 
term hemodialysis to manage hyperkalemia and volume overload.” 


PREVENTION 


Approaches to help prevent drug-induced AKI are outlined in Table 41-7. With 
ACEIs and ARBs, the primary strategy for preventing acute elevations in serum 
creatinine concentration is to ensure that patients have an adequate plasma volume 
before initiating therapy. Diuretics should be withheld or the dose reduced before 


initiating therapy with an ACEI or ARB.!° Therapy should be initiated at low 
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doses, which can then be slowly titrated upward after evaluation of serum 
creatinine concentration. Serum creatinine concentration should be monitored every 


2 weeks until it stabilizes and after any dose increase. !°° 


Table 41-7 Approaches to Help Prevent Drug-Induced Acute 


Kidney Injury 


¢ Avoid use of drugs associated with AKI in patients with risk factors listed in Tables 41-5 and 41-6 

¢ Avoid concurrent use of other agents that affect renal hemodynamics 

¢ Avoid overdiuresis 

¢ Avoid concomitant exposure to nephrotoxins 

* Consider once-daily dosing with aminoglycosides (amikacin, gentamicin, tobramycin) 

* Counsel patients regarding increased risk if volume depletion occurs and need to maintain adequate fluid 
intake 

* Consider preferential use of lipid-based products (amphotericin B) 

* Consider preferential use of nonionic, iso-osmolar radio contrast media 

* Dose reduction (drugs with hemodynamic effects) 

¢ Limit duration of therapy for drugs associated with AKI, when possible 

¢ Maintain adequate hydration 

* Monitor kidney function closely in high-risk patients 

* Prophylaxis with N-acetylcysteine or isotonic sodium bicarbonate infusion in patients at high risk for 
radiocontrast media-induced AKI 

¢ Start at lowest dose (drugs with hemodynamic effects) 





AKI = acute kidney injury. 


Avoiding NSAID use in patients with CKD and in other high-risk populations 
prevents most cases of AKI associated with these drugs. A serum creatinine 
concentration >1.7 mg/dL has been identified as a significant risk factor for the 
development of AKI.!° If NSAIDs must be used in these populations, minimum 
effective doses for short durations (3—5 days) should be used or alternative agents 
(e.g., acetaminophen or narcotic analgesics) should be considered.!*° If NSAIDs 
are used for longer periods, monitoring should include measurement of serum 
sodium, potassium, blood urea nitrogen, and creatinine concentrations within 1—3 
weeks of therapy initiation and then every 3—6 months thereafter.!?? NSAIDs should 
be promptly discontinued if elevations in serum creatinine, blood urea nitrogen, or 
potassium concentration occurs. Concomitant therapy with other agents affecting 
renal hemodynamics including diuretics, ACEIs, and ARBs should be avoided.!” 
Patients using nonprescription NSAIDs should be counseled regarding risk factors 
for NSAID-induced AKI. 


MANAGEMENT 


Initiation of therapy with an ACE inhibitor or ARB 1s frequently associated with an 
increase in serum creatinine concentration, especially in patients with CKD. This 
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rise is most likely due to reversal of glomerular hyperfiltration by the remnant 
nephrons and subsequent reduced glomerular capillary pressure from dilation of the 
efferent arteriole.'!* If the rise in serum creatinine concentration is <30% of 
baseline, the ACEI or ARB can be continued. A rise in serum creatinine 
concentration >30% above baseline can initially be managed by attempting a 50% 
dose reduction of the ACEI or ARB. If the patient is already receiving the lowest 
dose of the drug and the rise in serum creatinine concentration persists for more 
than 4 weeks, the ACEI should be discontinued and the patient should be treated 
with other antihypertensive agents.?’ AKI associated with ACEIs and ARBs is 
rapidly reversible, provided that blood flow to the kidney was not impaired long 
enough to cause irreversible ischemic injury.'°° NSAIDs and other agents that affect 
renal hemodynamics should be withheld, and supportive measures, such as volume 
repletion, should be initiated when patients first present. Instituting these measures 
promptly will typically reverse kidney dysfunction within 72—96 hours; however, 
resolution may take up to 1 week.”? Hyperkalemia may also be present in patients 
with ACEI- or ARB-induced AKI, especially in older patients with CKD, and 
should resolve spontaneously after fluid resuscitation and restoration of glomerular 
filtration.!!®!2! Concurrent therapy with potassium supplements, potassium-sparing 
diuretics, or NSAIDs increases the risk of hyperkalemia.!*! Patients with serum 
potassium concentrations >5.5 mEq/L who have not responded to fluid resuscitation 
may require treatment with sodium polystyrene sulfonate (15—60 g repeated every 4 
hours 1f needed) to enhance gastrointestinal potassium elimination. ACEIs or ARBs 
may be restarted at low doses in patients who have recovered from AKI when there 
is a compelling indication.'?* Serum creatinine and potassium concentrations 
should be re-evaluated 1—2 weeks after resuming therapy with the ACEIs or ARBs. 


The primary management for NSAID-induced AKI is discontinuation of the 
culprit agent. Administration of intravenous or oral fluids can hasten recovery of 
renal perfusion. Nonemergent hyperkalemia (serum potassium concentration <6 
mEq/L) can be managed with oral potassium exchange resins. If hyperkalemia 
becomes symptomatic (e.g., electrocardiogram changes) or symptomatic uremia 
develops, the patient should be hospitalized for acute treatment. 


INFORMATION FOR PATIENTS 


Patients with known risk factors for AKI, including CKD, age >80 years, heart 
failure, or any combination of these should be instructed to notify their healthcare 
provider should they notice reduced urine output or edema after therapy with an 
ACEI or ARB is begun or after an increase in dose.!°* Patients should also be 
advised to notify their healthcare provider if any intercurrent illness develops that 
may decrease circulatory volume (i.e., vomiting, diarrhea, heart failure 
exacerbation), as these reduce effective perfusion of the kidney. 
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Patients with CKD or other risk factors for AKI should be advised to avoid 
NSAIDs and COX-2 inhibitors, and alternative therapies should be discussed. If 
alternatives cannot be used and NSAID or COX-2 inhibitor therapy is initiated, 
patients should limit use to the shortest duration at the lowest possible dose. 
Patients should further be advised to have serum creatinine concentrations 
measured within 1-3 weeks and to monitor weight and blood pressure. Patients 
should be counseled to notify a healthcare professional if hypertension develops or 
worsens or if they experience weight gain, edema, or decreased urine output. 


ACUTE TUBULAR NECROSIS 


Acute tubular necrosis (ATN) can be caused by prolonged renal ischemia or by 
direct toxicity to the renal tubules. Drug-induced decreases in renal perfusion, as 
described previously, can lead to ischemia and ATN if not recognized or treated 
promptly.'*> Drugs can also cause direct toxicity to the renal tubules through a 
variety of mechanisms, including alteration of cellular function, hyperosmotic fluid 
shifts, and disruption of the cell membrane.° 


CAUSATIVE AGENTS 


Many drugs can induce direct tubular toxicity through a variety of mechanisms. 
Aminoglycosides are frequently administered antimicrobials associated with ATN, 
and amphotericin B (desoxycholate or conventional) is a polyene antifungal agent 
also associated with a high incidence of nephrotoxicity. Delivery of amphotericin B 
in lipid-based systems has been used to limit amphotericin B—induced ATN. 
Current lipid-based amphotericin B products include amphotericin B_ lipid 
complex, liposomal amphotericin B, and amphotericin B colloidal dispersion. 

In patients with kidney impairment, high-osmolality contrast media have been 
shown to be more nephrotoxic than low-osmolality products.*7!*4 Nonionic, 
monomeric low-osmolality contrast media do not appear to improve kidney 
tolerance as compared with ionic low-osmolality contrast media.*° In nondiabetic 
patients with normal kidney function, low-osmolality contrast media do not offer a 
clinical advantage over high-osmolality contrast media and are significantly more 
expensive.” 

Cisplatin is a chemotherapeutic agent used in oncology regimens for numerous 
malignancies and is associated with dose-dependent ATN. Colistin, a polymyxin 
antibiotic, has historically been implicated in ATN, leading to diminished 
popularity between the 1970s and 1990s. Emergence of extensively drug-resistant 
bacteria has prompted a resurgence of colistin use. !*° 
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Table 41-1 provides additional information regarding drugs known to cause 
AIN. 


EPIDEMIOLOGY 


Aminoglycoside-induced ATN is reported to occur in 5—25% of treated patients.7® 
Variability in the reported incidence is likely the result of variation in the definition 
of nephrotoxicity, patient population studied, and duration of therapy. !!® 

Nephrotoxicity (defined as a doubling of serum creatinine concentration) is a 
serious, dose-limiting adverse event associated with the use of conventional 
amphotericin B. The incidence of nephrotoxicity is reported to be as high as 
65%.!7° In contrast, the incidence of nephrotoxicity is estimated to be 15-25% with 
newer lipid-based amphotericin B formulations.!*° Contemporary definitions of 
AKI detect more potential cases, yielding a higher incidence of liposomal 
amphotericin-B induced AKI than previously thought (54.8%). !?7 

Two types of radiocontrast media, high osmolality and low osmolality, are 
currently marketed. High-osmolality contrast media are associated with greater 
reduction in renal blood flow and glomerular filtration rate than the low-osmolality 
preparations.*? The incidence of contrast media-induced nephrotoxicity in patients 
without risk factors is reported to be 0-10%.*!* In patients with CKD, the risk is 
much higher, ranging from 40% to 50%.*!? The true incidence in high-risk 
populations is difficult to establish because diagnostic criteria are not well defined 
and vary significantly between studies.“ 

Nephrotoxicity related to cisplatin and other platin-containing compounds is 
dose related. Initial experiences with single doses of cisplatin resulted in the 
development of azotemia in approximately 25% of patients.*° Since then, 
nephrotoxicity rates have been reduced to approximately 10% by lowering doses 
and slowing infusion rates. High-dose cisplatin (200 mg/m’) is associated with 
nephrotoxicity rates approaching 30%.*° Carboplatin is associated with less 
nephrotoxicity because the drug is more soluble, chemically stable, and binds more 
slowly to plasma proteins.*° The incidence of AKI and associated rise in serum 
creatinine concentration in patients receiving carboplatin is approximately 6%. The 
incidence of nephrotoxicity associated with colistin is 43-45%.!7*:!/4 Development 
of acute renal insufficiency occurs in a dose-dependent manner. !7 


MECHANISMS 


In animal models, aminoglycosides have been shown to accumulate by a saturable 
process within endosomal and lysosomal vacuoles in epithelial cells lining the S1 
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and S2 segments of the proximal tubule.*? This lysosomal accumulation inhibits 
phospholipases, causing formation of phospholipid-protein aggregates known as 
myeloid bodies, which contribute to cell death and tubular necrosis. !* 

The pathophysiology of amphotericin B-induced nephrotoxicity includes renal 
arterial vasoconstriction and a direct interaction with the epithelial cell membrane 
of the distal tubule. Several in vitro experiments revealed that amphotericin B 
alters cell permeability, allowing leakage of cellular constituents, followed by cell 
lysis and death. Infusion of amphotericin B through a peripheral vein or directly 
into the renal artery of animals resulted in an increase in vascular resistance and 
reduction in renal blood flow. These mechanisms lead to a decrease in the 
glomerular filtration rate as well as tubular dysfunction.” 

Compromised renal hemodynamics and direct proximal tubular toxicity are the 
primary mechanisms for contrast media-induced nephrotoxicity.** Intrakidney 
perfusion is reduced after exposure to contrast media, and several known mediators 
of vasoconstriction are released, including calcium, adenosine, endothelin, and 
oxygen-free radicals.°* Direct tubular toxicity has been associated with proximal 
tubule cell uptake of contrast media by lysosomal vacuolization.*244 

The primary mechanism of cisplatin-induced nephrotoxicity is proximal tubule 
cell damage and necrosis as a result of binding to mitochondrial DNA and impaired 
cellular energy functions.*’/Apoptosis has been identified as another potential 
mechanism for cell death associated with cisplatin. !78 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Aminoglycoside-induced nephrotoxicity manifests clinically as nonoliguric kidney 
failure, with an average rise in serum creatinine concentration of 2 mg/dL and a 
hypo-osmolar urinary output typically occurring after 5—7 days of treatment.7®:!79.!30 
Urinary markers such as_ f,-microglobulin are sensitive indicators of 


aminoglycoside-induced nephrotoxicity, but patients with urinary B,-microglobulin 


may not have clinically relevant toxicity.!° Conditions to consider in the 
differential diagnosis of aminoglycoside-induced nephrotoxicity should include 
sepsis and exposure to other nephrotoxic agents. 

An extensive retrospective analysis of amphotericin B-induced nephrotoxicity 
in adult patients with normal baseline kidney function has been published.** The 
median interval from drug exposure to nephrotoxicity was 7 days. Thirteen percent 
of patients had mild nephrotoxicity (defined as a 50% increase in serum creatinine 
concentration), 12% had moderate-to-severe nephrotoxicity (defined as a doubling 
of serum creatinine concentration to >2 mg/dL), and 3% had severe nephrotoxicity 
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(defined as a tripling of serum creatinine concentration to >3 mg/dL).** As with 
aminoglycoside-induced nephrotoxicity, conditions to consider in the differential 
diagnosis of amphotericin-induced nephrotoxicity include sepsis and exposure to 
other nephrotoxic agents.*> 


Contrast media-induced nephrotoxicity—most frequently defined as a 25% or 
greater increase in serum creatinine concentration from baseline that occurs within 
24-72 hours after the administration of contrast media—is typically nonoliguric 
and reversible.*©°°>! Serum creatinine concentrations typically reach peak values 
at 3-5 days, depending on baseline kidney function.*7“+*°>! Conditions to consider 
in the differential diagnosis of contrast media-induced nephrotoxicity should 
include exposure to other nephrotoxic agents (e.g., aminoglycosides, ACEIs, or 
ARBs), hypotension, and renal artery thrombosis after an invasive procedure has 
been performed. 

Treatment with cisplatin commonly results in a 20-40% reduction in the 
glomerular filtration rate.°> Serum creatinine concentrations typically peak within 
10 days after the administration of cisplatin and may remain elevated for up to 3 
weeks.*> Magnesium wasting and hypomagnesemia occur in up to 50% of patients 
with cisplatin-induced nephrotoxicity and may persist after the cessation of 
therapy.’ Conditions to consider in the differential diagnosis should include 
exposure to other drugs with direct tubular toxicity (e.g., aminoglycosides) and 
tumor lysis syndrome. 


RISK FACTORS 


Risk factors associated with aminoglycoside-induced nephrotoxicity include age 
>50 years, pre-existing kidney dysfunction, volume depletion, hypotension, 
cirrhosis, diabetes, treatment duration >3 days, and concomitant use of other 
nephrotoxic agents.!*! Serum concentrations of aminoglycosides are not predictive 
for the development of aminoglycoside-induced nephrotoxicity.°” Measurement of 
peak serum concentrations is commonly used to ensure adequate antibacterial 
efficacy for this concentration-dependent class of antibiotics. Trough serum 
concentrations reflect the adequacy of renal elimination, with high concentrations 
reflective of impaired clearance requiring an extension of the dosing interval.7® 

Risk factors for amphotericin B-induced nephrotoxicity include mean daily 
doses >35 mg for at least 7 days, male sex, weight >90 kg, CKD, increasing age, 
use of ACEI, use of diuretics, and the concomitant use of other nephrotoxic 
agents. °4!27 

The most prominent risk factor for contrast media-induced nephrotoxicity is 
pre-existing reduced kidney function.**“° Patients with diabetes mellitus and 
reduced kidney function have the highest risk of contrast media-induced 
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nephrotoxicity with an incidence as high as 50% in some studies.4°4 The risk in 
patients with diabetes mellitus and normal kidney function has been reported to be 
only slightly higher (8-16% incidence) than in nondiabetic patients.***° The 
volume of contrast media administered has been correlated with the development of 
contrast media-induced nephrotoxicity, especially in patients with diabetes mellitus 
and CKD, and efforts should be made to minimize the volume of contrast media 
administered to these patients.*°>° Other potential risk factors that have not been as 
well established include concurrent use of drugs that affect renal hemodynamics 
(e.g., NSAIDs and ACEIs), intravascular volume depletion, heart failure, multiple 
contrast procedures, and multiple myeloma.*?46°0>! 

The primary risk factor for cisplatin-induced nephrotoxicity is the dose of drug 
administered. Doses ranging from 50 mg/m” to 75 mg/m’ are generally associated 
with reversible kidney dysfunction, whereas doses >100 mg/m’ are frequently 
associated with AKI and marked ATN.>? Ultrafilterable platinum concentration is 
positively correlated with intensity of renal dysfunction. !°!° 


MORBIDITY AND MORTALITY 


Progression of aminoglycoside-induced nephrotoxicity to dialysis-dependent 
kidney failure is rare, and tubular injury is usually reversible after discontinuing 
therapy.*! In one retrospective review of patients treated with an aminoglycoside, 
7.3% were found to have aminoglycoside-induced nephrotoxicity and 0.2% had 
significant nephrotoxicity requiring hemodialysis.*7 

The incidence of mortality with amphotericin B-induced nephrotoxicity is three 
times higher in patients requiring hemodialysis as compared with those not 
requiring hemodialysis. In a retrospective review of patients receiving 
amphotericin B for suspected or proven aspergillosis, a doubling of serum 
creatinine concentration was noted in 53% of patients and hemodialysis was 
initiated in 15% of patients.*° The incidence of nephrotoxicity is consistently higher 
in bone marrow and solid organ transplant recipients. Only patients receiving 
cyclosporine, aminoglycosides, foscarnet, or other nephrotoxins concomitantly with 
amphotericin B required hemodialysis.*© 

Permanent kidney impairment, evidenced by serum creatinine concentrations 
that do not return to baseline, occurs in 30% of patients with amphotericin B- 
induced nephrotoxicity. Approximately 10-15% of patients with contrast media- 
induced nephrotoxicity require long-term dialysis.°~!*° 

AKI secondary to cisplatin is generally reversible with supportive care, 
including vigorous hydration and intermittent dialysis as necessary.’ Chronic 
kidney disease associated with cisplatin may occur and is characterized by 
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polyuria and hypomagnesemia.!*4 Repeated courses of cisplatin therapy can also 
result in irreversible kidney failure.” 


PREVENTION 
AMINOGLYCOSIDES 


Although administration of aminoglycosides in a once-daily dose was thought to 
decrease the risk of tubular aminoglycoside accumulation, meta-analyses of clinical 
trials have failed to demonstrate increased safety with this approach.!37!°> Some 
data highlight the importance of circadian variation in the glomerular filtration rate 
and subsequent exposure of tubular cells to aminoglycoside.!** Administration of 
gentamicin between midnight and 7 a.m. was more likely to cause nephrotoxicity 
than administration during other times. Coadministration of polyaspartic acid, 
pentoxifylline, daptomycin, and various antioxidants with aminoglycosides has 
been shown to decrease aminoglycoside-induced nephrotoxicity in animals, but 
there has been no clinical validation in humans.*! 


AMPHOTERICIN B 


The successful treatment of certain invasive fungal infections requires the use of 
high doses of amphotericin B over prolonged periods. Drug dose and duration of 
treatment are independently associated with increased risk of amphotericin B- 
induced nephrotoxicity. The lipid-based formulations including amphotericin B 
lipid complex, amphotericin B colloidal complex, and liposomal amphotericin B 
are associated with lower incidences of nephrotoxicity and allow the delivery of 
larger doses of the drug for longer periods.*®:!° The beneficial effects of lipid- 
based formulations are thought to be related to an increased reticuloendothelial 
system clearance of amphotericin B and consequent reduced delivery to the kidney. 
Administration of 150-250 mEq of sodium (1—1.6 L normal saline) per day has 
been shown to minimize azotemia associated with amphotericin B by altering the 
tubuloglomerular feedback response.*”!7! 


RADIOCONTRAST MEDIA 


Numerous prophylactic interventions have been proposed to prevent contrast 
media-induced nephrotoxicity. Hydration with 0.45% sodium chloride solution at a 
rate of 100 mL/hr for 4 hours before and 8—12 hours after the administration of 


contrast media is recommended.**°” All medications known to adversely affect 
renal hemodynamics, including NSAIDs, ACEIs, ARBs, and diuretics should be 
discontinued 24—72 hours before the procedure, whenever possible.°? Mannitol and 
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loop diuretics have been considered for prophylaxis because of their ability to 
increase urinary flow rates and possibly limit contact of contrast media with the 
tubules. However, these agents have been associated with an increased risk of 
contrast media-induced nephrotoxicity, as compared with hydration alone, and are 
not recommended for prophylaxis.** 

Studies investigating the potential nephroprotective effect of theophylline, an 
adenosine antagonist, are equivocal.!>°!>’ A study of 39 patients, including 17 with 
CKD, randomly assigned subjects to receive theophylline 5 mg/kg or placebo 
(normal saline) given 45 minutes before the administration of contrast media.!*° In 
patients with CKD, the glomerular filtration rate decreased significantly in the 
placebo group but not in the theophylline-treated group. Another study examined the 
effects of theophylline (as aminophylline) and dopamine on the prevention of 
contrast media-induced nephrotoxicity (defined as an increase in serum creatinine 
concentration >25% above baseline) after coronary angioplasty in patients with 
CKD.!%’ Sixty patients were randomly assigned to receive either saline hydration, 
aminophylline 4 mg/kg followed by a continuous infusion of 0.4 mg/kg/hr plus 
saline hydration, or dopamine 2.5 mcg/kg/min plus saline hydration. No significant 
difference in the incidence of contrast media-induced nephrotoxicity was found 
among the three groups. 

Calcium-channel blockers have been shown to reverse hemodynamic changes 
induced by contrast media.°> A clinical trial of nitrendipine, a dihydropyridine 
calcium-channel blocker, reported improved renal blood flow and reduction in 
tubular enzymes measured in urine when 20 mg was administered 1 day before and 
2 days after the administration of contrast media; however, a single dose of 
nitrendipine 10—20 mg 1 hour before the administration of contrast media offered 
no benefit. !°%!3° 


Although dopamine is a nonselective dopaminergic agonist at low doses (2—2.5 
mcg/kg/min), it selectively activates the D-1 receptor, thus promoting dilation of the 
renal arteries and increasing renal blood flow. Investigation of this agent for 
prevention of contrast media-induced nephrotoxicity has yielded conflicting results, 
and therefore the use of prophylactic low-dose dopamine is_ not 
recommended.*!37:!40 Fenoldopam is a newer, selective D-1 agonist.°’ A study in 
dogs showed that fenoldopam administered via the renal artery before a high- 
osmolality contrast media (diatrizoate) prevented decreases in renal blood flow 
and glomerular filtration rate.°° In small studies and retrospective analyses in 
humans, fenoldopam administered at 0.1 mcg/kg/min 1-2 hours before the 
administration of contrast media and up to 4 hours after has been shown to reduce 
the incidence of contrast media-induced nephrotoxicity.!!7!4!:!42 However, these 
data need to be confirmed by a large, controlled trial and pharmacoeconomic 
factors need to be evaluated before fenoldopam’s role in the prophylaxis of contrast 
media-induced nephrotoxicity can be defined. 
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When patients at relatively low risk for contrast media-induced nephrotoxicity 
were given N-acetylcysteine (NAC) 600 mg orally twice daily on the day before 
and the day of contrast media administration, only 2% had nephrotoxicity (defined 
as a 0.5 mg/dL increase in serum creatinine concentration within 48 hours of the 
administration of contrast media), as compared to 21% ina control group.!** The 
same benefit has not been confirmed by other studies, however, and one study in 
which NAC was given to high-risk patients who received contrast media for 
coronary angiography failed to show a decreased risk of nephrotoxicity, '44-!*° 

Prophylactic intermittent hemodialysis after the administration of contrast 
media has not been shown to reduce the incidence of nephrotoxicity.*’ However, 
two studies that investigated the role of prophylactic continuous venovenous 
hemofiltration (CVVH) versus intravenous hydration in patients with a baseline 
serum creatinine concentration of >2 mg/dL found a significantly lower incidence 
of AKI in the CVVH group.!4>-!46 When performed after exposure to contrast media, 
6-hour CVVH was able to remove an amount of contrast media similar to that 
removed by the kidneys in 12 hours.!’* These data should be interpreted cautiously, 
however, because hemofiltration itself affects serum creatinine concentrations. 
Nevertheless, CVVH was associated with lower in-hospital mortality (2% versus 
14%). 

Sodium bicarbonate alkalinizes the urine and has been shown to inhibit free 
radical formation in animal models. In a prospective, randomized trial to study the 
effectiveness of sodium bicarbonate in preventing contrast media induced 
nephrotoxicity, patients received either intravenous normal saline or sodium 
bicarbonate. Eight patients in the normal saline group had contrast media-induced 
nephrotoxicity versus only one patient in the sodium bicarbonate group (p = 
0.02).°’ 


HMG-CoA reductase inhibitors (statins) may be beneficial in statin-naive 
patients undergoing coronary angiography given their pleiotropic properties. A 
meta-analysis of 13 randomized controlled trials demonstrated that pretreatment 
with high-dose statin therapy in combination with a hydration protocol reduced the 
risk of contrast-induced AKI by 53% compared to placebo. Several studies 
included in this analysis used concomitant prophylactic measures such as NAC or 
sodium bicarbonate. !4/ 


Clinical applicability of the data regarding prevention of contrast-induced AKI 
is hindered by study design limitations such as enrolling too few subjects, using 
surrogate and inconsistent primary endpoints, and including low-risk patients. 
These key methodological issues informed the design of the Prevention of Serious 
Adverse Events following Angiography trial, an ongoing randomized prospective 
study comparing the effectiveness of sodium bicarbonate, sodium chloride, and 
NAC. 8 
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CISPLATIN 


Cisplatin-induced nephrotoxicity is best prevented by dose reduction and 
aggressive hydration.*> Infusion of 14 L of normal saline within 24 hours of 
cisplatin therapy is recommended to maintain urine flow rates of 125 mL/hr. 
Hypertonic saline has also been used to increase chloride concentrations and 
reduce conversion of cisplatin to reactive platinum species.*’ The use of hypertonic 
saline (3%) as a vehicle for cisplatin doses >100 mg/m’ may reduce 
nephrotoxicity.°° Hypertonic saline must be used very cautiously in patients at risk 
for adverse effects, including those with underlying heart failure. Mannitol has been 
used to enhance dilution of drug within the tubules; however, some clinical trials 
have found no benefit.’ The protective effect of furosemide is controversial 
because of the prerenal effects of diuretics. However, loop diuretics are frequently 
administered to maintain adequate diuresis in patients at risk for heart failure 
secondary to hydration.°* Amifostine is a prodrug that is metabolized to a 
sulfhydryl donor and can reduce kidney toxicities related to cisplatin therapy. 
Amifostine should be administered before the initiation of cisplatin therapy to 
patients at high risk for drug-induced nephrotoxicity. Doses of amifostine ranging 
from 710 mg to 1,000 mg administered 15 minutes before cisplatin have been 
shown to significantly reduce nephrotoxicity.°?™ 


MANAGEMENT 


Clinicians should consider discontinuing aminoglycosides and using an alternative 
agent, if possible, when a decline in kidney function occurs during therapy. 
Spontaneous recovery of kidney function usually occurs within a few days after 
drug discontinuation.”* If kidney function does not improve, other causes of 
nephrotoxicity should be considered. In situations in which aminoglycoside therapy 
cannot be discontinued, aminoglycoside doses may be continued with a reported 
recovery of kidney function in some patients.'4”'°! A review of six patients with 
gram-negative osteomyelitis managed with gentamicin for 5-7 weeks demonstrated 
that aminoglycoside-induced nephrotoxicity occurred with a peak rise in serum 
creatinine concentration and stabilization of values after approximately 30 days of 
treatment. Continuation of gentamicin therapy after individualized adjustment of the 
dosing interval to yield targeted trough concentrations of <2 mcg/ml did not cause 
additional increases in serum creatinine concentration and was associated with a 
50% reduction in serum creatinine concentration in three of the cases.!°! 


Amphotericin B should be discontinued in patients in whom nephrotoxicity 
develops, and therapy with an alternative antifungal agent or a lipid-based product 
initiated. Substitution of a lipid-based amphotericin B product has resulted in 
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improved kidney function in patients in whom amphotericin B-induced 
nephrotoxicity developed.*’ 

Patients with contrast media-induced nephrotoxicity should receive supportive 
care. Adequate hydration with 0.45% saline solution and the avoidance of other 
nephrotoxins may help hasten kidney recovery.*! Infusion rates of intravenous fluids 
should be titrated to maintain positive fluid balance and high urine output.~° 


Management of AKI secondary to cisplatin therapy is typically supportive and 
should include aggressive hydration. Electrolyte wasting, especially the loss of 
magnesium, is a frequent manifestation of cisplatin-induced AKI. Supplementation 
with intravenous magnesium (0.5 mEq/kg/day given as a continuous infusion) 1s 
indicated in patients with serum magnesium concentrations <1 mEq/mL to prevent 
adverse neurologic and cardiac effects.°° Patients with serum magnesium 
concentrations >1 mEq/L can be treated with oral magnesium oxide. Hypokalemia 
and hypocalcemia can also occur and may be refractory to treatment if 
hypomagnesemia is not corrected. 


INFORMATION FOR PATIENTS 


Patients scheduled for elective procedures requiring iodinated contrast media 
should be counseled regarding the possibility of acute kidney dysfunction, 
especially if they are diabetic and have pre-existing kidney disease. Patients and 
providers should be advised to hold medications that affect renal hemodynamics. 
Patients should be counseled regarding the potential risk of AKI with cisplatin 
therapy and should be advised of the preventive measures required (e.g., hydration 
and amifostine, if indicated) to minimize the risk of chemotherapy-related kidney 
problems. Kidney function should be evaluated after completion of the 
chemotherapy cycles, and patients should be advised to notify their healthcare 
provider if they notice symptoms of frequent urination, low serum magnesium 
(muscle weakness, tremors, agitation, confusion, fainting), low serum calcium 
(muscle twitching, paresthesia), or low serum potassium (muscle weakness or 


cramps). 


ACUTE INTERSTITIAL NEPHRITIS 


Acute interstitial nephritis (AIN) is most commonly caused by hypersensitivity to a 
drug that results in infiltration of the tubulointerstittum by inflammatory cells, 
including T cells, monocytes, and eosinophils. 


CAUSATIVE AGENTS 
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The agents most frequently associated with AIN are antibiotics and NSAIDs.!*! 


Methicillin, rifampin, and fenoprofen are among the agents most frequently 
implicated.!*° Table 41-1 lists other causative agents. 


EPIDEMIOLOGY 


AIN is a relatively rare complication of drug therapy. AIN attributed to various 
causes, including drugs, was present in 2-3% of biopsies reviewed in two case 
series.°! AIN is associated with many classes of drugs but the incidence can be 
higher for some agents within a given class.° For example, B-lactams are known to 
be associated with AIN; however, methicillin was found to be associated with a 
much higher incidence than other B-lactams, resulting in its removal from the U.S. 
market. The reason for the increased incidence is not clear but may be due to 
haptenic dimethoxyphenylpenicilloyl groups. 


MECHANISMS 


AIN is a hypersensitivity reaction with kidney manifestations. There are four 
principal mechanisms by which drugs may induce AIN: (1) the drug binds to the 
tubular basement membrane, acting as a hapten; (2) the drug may be structurally 
similar to an antigen that is normally present in the tubular basement membrane 
resulting in inappropriate immune complex formation; (3) the drug may bind to the 
tubular basement membrane itself, inducing an antibody response; and (4) the drug 
may elicit an antibody response and circulating immune complexes may deposit in 


the tubular interstitium.°*'*” 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Although the rise in serum creatinine and blood urea nitrogen concentrations 
associated with AIN may not occur for several weeks after a patient’s initial 
exposure to a causative agent, increases may be seen within 3—5 days of a second 
exposure.!*? Systemic manifestations of hypersensitivity may be present, including 
low-grade fever (30-50%), maculopapular rash (33-50%), and eosinophilia (16— 
33%),9!-63,152,153 Urinalysis may reveal eosinophiluria (40-90%), hematuria (48— 
60%), proteinuria (16-60%), or pyuria (50-53%).°!-64:!52,!53 The only definitive 
diagnostic test for AIN is kidney biopsy, which typically reveals patchy or diffuse 
inflammatory infiltrates consisting predominantly of lymphocytes and plasma cells 
within the interstitium.©-+!4? However, biopsies are not frequently performed 
unless the injury does not resolve after the offending drug is discontinued. 
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Differential diagnosis includes other potential causes of intrinsic kidney injury 
including nondrug-related AIN and glomerulonephritis if large amounts of protein 
are present in the urine. 


RISK FACTORS 


AIN is idiopathic and there are no well-established risk factors. AIN is not dose- 
related.'*? Previous exposure to some agents such as rifampin has been associated 
with the development of AIN on subsequent exposure. !°? 


MORBIDITY AND MORTALITY 


AIN is. frequently reversible when the suspect drug is identified and 


discontinued.°*!*? Dialysis may be required temporarily if kidney recovery is slow 
and the patient has clinical signs of uremia, emergent hyperkalemia (serum 


concentration >6 mEq/L or electrocardiographic changes), or volume overload.!~* 
In cases of progressive AIN (involving a majority of the interstitium), kidney 
function may not return to baseline. The prognosis is worse when diffuse versus 
patchy infiltrates are found on kidney biopsy. AIN that persists for >3 weeks is also 
associated with a poor prognosis.!°* Approximately 33% of patients require short- 
term dialysis.© 


PREVENTION 


AIN is rare, and there are no known predictors of the disease. In general, a patient 
should not be re-challenged with a drug that has caused AIN or another drug from 
the same class of agents. The occurrence of drug-induced AIN should be carefully 
documented in the patient’s medical record to help prevent future exposures. 


MANAGEMENT 


The primary management of AIN involves discontinuation of the suspect drug or 
drugs.'°? Although administration of corticosteroids is sometimes recommended, 
there have been no controlled studies to determine the benefit of this intervention. 
Doses of 1 mg/kg/day of prednisolone or prednisone given orally for 1 week have 
been used with or without intravenous methylprednisolone pulses; however, this 


treatment has not been shown to correlate well with resolution of AIN.°!645>,156 


INFORMATION FOR PATIENTS 
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Patients should be advised to consult with their healthcare provider if fever, rash, 
edema, or reduced urine output develops while taking an agent known to cause 
AIN. Patients who have a history of AIN should be cautioned to avoid future 
exposure to the causative agent or drugs within the same class. 


NEPHROLITHIASIS 


Nephrolithiasis is most commonly caused by precipitation of drug crystals in the 
ureter, resulting in obstruction of urine flow.!°7!>8 


CAUSATIVE AGENTS 


Table 41-1 lists the drugs most frequently reported to cause nephrolithiasis. The 
drugs most commonly associated with this disorder have acidic pKa values (e.g., 
sulfadiazine, pKa = 6.5) and are more likely to supersaturate at acidic urinary pH 
(normal urine pH ranges from 4.5 to 7.8). 


EPIDEMIOLOGY 


Although approximately 3—5% of people experience nephrolithiasis, drug-induced 
nephrolithiasis is a rare condition, accounting for only 0.8—2.5% of all cases. !°?:!60 


MECHANISMS 


Crystal formation occurs due to supersaturation of the urine with solute, resulting in 
the formation of calculi or stones in the ureter.!°? Depending on the salt form of the 
drug, crystal formation is enhanced under either alkaline or acidic conditions.!°? 
Indinavir (pKa 6.2), for example, is more soluble at an acidic pH and stone 
formation and the risk of nephrolithiasis may increase when the urine pH is above 


5.!°’ pKa of other agents associated with nephrolithiasis are as follows: acyclovir 
(9.25), allopurinol (7.83), foscarnet (7.27), furosemide (7.5), topiramate (8.6), and 
zonisamide (10.2). Drugs that increase urinary calcium or uric acid may enhance 
the risk of stone formation. !©! 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The majority of patients with nephrolithiasis present with renal colic resulting from 
crystals lodging in the ureter.!°’ The hallmark is severe flank pain unrelieved by 
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change in position.!>’ Other symptoms may include pain radiating to the groin, 
fever, and nausea and vomiting.!°”!°! Nonspecific findings on urinalysis may 
include the presence of red or white cells and fractional excretion of sodium >1%. 
If the stone is passed, it can frequently be identified by microscopic examination, 
and further examination with techniques such as x-ray diffractometry and infrared 
spectroscopy 1S sometimes carried out. Drugs can produce crystals with 
characteristic structure. Indinavir, for example, produces crystals that appear as 
tangled rods and needle-shaped crystals within a protein matrix.!°! Conditions to 
consider in the differential diagnosis of drug-induced nephrolithiasis include 
abdominal aortic aneurysm, appendicitis, ectopic pregnancy, pyelonephritis and 
nephrolithiasis secondary to calcium oxalate or uric acid crystal formation. 
Definitive diagnosis of drug-induced nephrolithiasis is made by intravenous 
pyelography or ultrasound and microscopic examination of the passed stone.!°”!°! 


RISK FACTORS 


Decreased fluid intake is a potential risk factor for drug-induced nephrolithiasis as 
it can increase stasis in the ureter. Longer duration of therapy with drugs known to 
cause nephrolithiasis may be associated with an increased risk of stone formation. 
In addition, the risk of nephrolithiasis appears to increase with increasing doses of 
drugs such as felbamate and indinavir. ’*!>/ 


PREVENTION 


Increasing urine flow rates may decrease the risk of crystallization. Increasing the 
urine output to 150 mL/hr by increasing fluid intake for 3 hours after an oral dose of 


indinavir has been recommended. !5’ 


MANAGEMENT 


Management of nephrolithiasis and renal colic should include aggressive diuresis 
to encourage spontaneous passage of the stone and pain management, most 
commonly with narcotic analgesics or ketorolac.’”!°’ Meperidine and morphine 
should not be used for pain management if significant kidney impairment is present 
and an extended duration of therapy (>3 days) is expected. Both agents have renally 
excreted metabolites that are associated with adverse neurologic (meperidine) and 
central nervous system (morphine) effects in the presence of kidney dysfunction. If 
the stone is passed spontaneously, it should be sent for analysis to confirm the 
diagnosis. 
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INFORMATION FOR PATIENTS 


Patients who have been prescribed drugs known to cause nephrolithiasis should be 
advised to maintain adequate fluid intake, especially after drug administration, and 
to notify a healthcare professional if they have symptoms of renal colic. 





GLOMERULONEPHRITIS 


Drug-induced glomerulonephritis is immune-mediated and causes damage to the 
glomerular basement membrane. This damage compromises filtration and increases 
permeability, allowing protein to pass into the urine.!° 


CAUSATIVE AGENTS 


Table 41-1 lists the drugs reported to cause glomerulonephritis. These drugs are 
diverse in their structure and pharmacology; however, all can cause immune- 
mediated damage to the glomerulus. 


EPIDEMIOLOGY 


Drug-induced glomerulonephritis is a rare complication of drug therapy, and most 
of the available data regarding its occurrence come from published case reports. 
Although a number of agents have been implicated, the disease is most frequently 
associated with NSAIDs. 


MECHANISMS 


Drug-induced glomerulonephritis 1s typically immune-mediated. Similar to the 
pathogenic mechanisms in AIN, the causative drugs may act as haptens, result in 
immune complex formation, or stimulate production of autoantibodies against 


glomerular structures.'°? Drug-induced glomerular damage can also occur because 
of acute vasculitis, in which glomerular capillaries are damaged by inflammatory 


reactions to circulating immune complexes.°* 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Drug-induced glomerulonephritis typically presents as nephrotic syndrome, which 
is defined as proteinuria >3.5 g/day. Other clinical manifestations may include 
reduced urine output and edema of the lower extremities and possibly the face. 
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When drug-induced glomerulonephritis is associated with a severe hypersensitivity 
reaction, fever, rash, and eosinophilia may also be present.® Definitive diagnosis 
is made by kidney biopsy, and three associated lesions have been identified: 
membranous nephropathy, minimal-change nephropathy, and focal segmental 
glomerulosclerosis.©!© Glomerular injury from drug therapy is relatievely rare 
compared to other etiologies of drug-induced kidney injury. A consensus report 
sought to define a phenotype for glomerular disorders. Because of the low 
incidence and overlap with other kidney injury diagnoses, one of the primary 
criteria for the phenotype was biopsy-proven drug-induced glomerular disease. The 


consensus report further indicates that the biopsy should be done while the patient 


is receiving the drug or within 4 weeks of stopping.!”° 


Membranous nephropathy is the most common lesion that occurs in patients 
with drug-induced glomerulonephritis.' It is characterized by immune complex 
deposition in the glomerular basement membrane. The membranous deposits are 
more widely spaced and focally distributed in patients with drug-induced disease 
than those in idiopathic membranous nephropathy.'©? Drugs most commonly 
associated with membranous drug-induced glomerulonephritis include NSAIDs, 
gold, and penicillamine.**!©* Because of the idiopathic nature of drug-induced 
glomerulonephritis, time to onset is not well-documented for most drugs. A review 
of the literature focused on NSAID-induced membranous nephropathy reported a 
median onset of 43 weeks after initiation with a range of 4 weeks to 3 years. !°8 

In patients with minimal-change nephropathy, glomeruli appear normal and no 
deposits are visible with immunofluorescence microscopy or electron microscopy; 
however, patients typically have nephrotic-range proteinuria. Minimal-change 
nephropathy is commonly associated with AIN and has been reported to occur with 
NSAIDs, rifampin, phenytoin, and ampicillin.!™ 

Focal segmental glomerulosclerosis 1s characterized by areas of sclerosis in 
<50% of the glomeruli. This lesion is commonly associated with heroin abuse and 
has also been reported with lithium therapy. !™ 


RISK FACTORS 


Drug-induced glomerulonephritis is idiopathic, and there are no well-established 
risk factors. The presence of the human leukocyte antigens DR3 and B8 appear to 
be associated with increased susceptibility to gold-induced glomerulonephritis. !° 
A review of reports of NSAID-induced glomerulonephritis identified an 
association between duration of therapy and the severity of the glomerular lesion.® 
Patients with minimal-change disease were more likely to have an underlying 
rheumatologic disease. The risk for drug-induced glomerulonephritis has not been 
associated with drug dose. 
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MORBIDITY AND MORTALITY 


Drug-induced glomerulonephritis typically resolves after discontinuation of the 
causative agent. Follow-up evaluation of 72 patients with NSAID-induced 
glomerulonephritis found that 68 who had discontinued NSAIDs had improved 
kidney function, with 57 returning to their baseline kidney function.°* A renal 
biopsy is typically not performed unless proteinuria and kidney function fail to 
improve after stopping the drug. 


PREVENTION 


Drug-induced glomerulonephritis is rare and idiopathic, and there is little 
information available regarding risk factors or prevention. Gold therapy should be 
avoided in patients with human leukocyte antigens DR3 or B8. 


MANAGEMENT 


The primary management strategy for drug-induced glomerulonephritis is 
discontinuation of the suspected causative agent. Corticosteroids may be initiated in 
severe cases; however, the value of this treatment has not been demonstrated 
conclusively. The dose of corticosteroid is not well established; traditional 
aggressive regimens used for nondrug-related glomerulonephritis can be used (e.g., 
1 g of methylprednisolone) or a more conservative approach similar to doses used 
in AIN can be initiated.!°? Diuretics may be required to manage severe edema. 
Dialysis is indicated only if the patient has kidney insufficiency associated with 
clinical signs of uremia or hyperkalemia that does not respond to other treatment. 


INFORMATION FOR PATIENTS 


Patients receiving drugs known to cause glomerulonephritis should be advised to 
consult their healthcare provider if they develop fever, rash, edema, or reduced 
urine output. If the patient has a history of drug-induced glomerulonephritis, he or 
she should be cautioned to avoid future therapy with the causative agent or related 
drugs. 
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CHAPTER 42 


Chronic Kidney Disease 


Mary K. Stamatakis 


Drugs can adversely affect kidney structure and function, leading to acute or 
chronic nephrotoxicity. Although acute kidney injury (AKI) is commonly recognized 
as a consequence of drug therapy, drugs have also been associated with chronic 
kidney disease (CKD), which is defined as an abnormality of kidney structure or 
function of at least 3 months’ duration with implications for health.! Criteria for 
CKD are a glomerular filtration rate (GFR) of <60 mL/min/1.73 m and/or the 
presence of markers of kidney damage, such as albuminuria or electrolyte 
abnormalities due to tubular disorders. The term end-stage renal disease (ESRD) 
is typically used to describe the final stage of CKD characterized by a GFR of <15 
mL/min/1.73 m? requiring renal replacement therapy (e.g., dialysis, kidney 
transplantation).! This chapter summarizes the pathophysiology and treatment of 
drug-induced CKD. 


CAUSATIVE AGENTS 


A variety of drugs have been associated with CKD (Table 42-1).7>* Drugs 
frequently reported to cause CKD include tacrolimus, cyclosporine, lithium, and 
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combination analgesics (containing at least two antipyretic analgesics, often with 
the addition of caffeine and/or codeine). CKD 1s also reported in association with 
Chinese herbal supplements containing aristolochic acid. Many of the drugs 
implicated in causing CKD also cause other types of renal diseases. For example, 
cyclosporine and tacrolimus cause a common dose-related, hemodynamically 
mediated AKI.'° Nonsteroidal anti-inflammatory drugs (NSAIDs) can cause 
hemodynamically mediated AKI as well as acute interstitial nephritis. In addition, 
drug-induced AKI, such as that associated with aminoglycosides, amphotericin B, 
and contrast dye, can progress to CKD in some patients. 


PROTON PUMP INHIBITORS 


Recently, proton pump inhibitors (PPIs), such as omeprazole, esomeprazole, and 
pantoprazole, were linked to CKD in a population-based observational study of 
more than 10,000 patients.4’ After 13.9 years of study, researchers found a 50% 
higher risk of CKD in patients who self-reported use of PPIs. The risk was similar 
when adjusted for patient variables such as obesity, diabetes, and hypertension. No 
association was found with self-reported use of H, receptor antagonists and CKD. 
The data were replicated in a cohort of patients receiving care in the Geisinger 
Health System of Pennsylvania.*’ Although these results do not prove causality, 
they do raise concern because PPIs are commonly prescribed or self-administered, 
often with no clear indication. A recent meta-analysis of five studies demonstrated 
a 1.3-fold increased risk of CKD in patients treated with PPIs.°° Prospective 
studies are needed to determine causality as well as understand the potential 
mechanism of kidney injury and risk factors. 


Table 42-1 Agents Implicated in Drug-Induced Chronic Kidney 





Disease 


Level of 
Drug Incidence Evidence* 
Adefovir48,49,52 B 
Aristolochic acid (Chinese herbs)2-6 C 
Antipyretic analgesics7-10,c B 
Cidofovir 15 C 
Cisplatin 11,13,35 B 
Cyclosporine 16-29 NKd,e A 
Entecavir53 <1% C 
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Gold salts30,31 1-5%e 


Ifosfamide 11,13,32-35 20-60% 
Lithium36-43 0.2-21% 
Nitrosoureas (streptozocin, carmustine, lomustine)14 


D-penicillamine44 


Wl} a} a] ao] ww] WD] 


(omeprazole, esomeprazole, pantoprazole, rabeprazole, 
lansoprazole, dexlansoprazole) 


Tacrolimus 16,18,26,46 A 


NK = not known, information in the literature is conflicting, or information varies substantially based on 
indication or dose. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Proton pump inhibitors47 ra 


NK 

Propylthiouracil45 NK 
NK 

K 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

b10 mg QD dose, rates of 13-50% at higher doses. 


cChronic consumption of a combination of at least two antipyretic analgesics, and usually caffeine or codeine or 


both. 
dIncidence varies widely based on dose and indication. Average serum creatinine concentration is elevated, 


glomerular filtration rate is decreased, or both in studies evaluating the long-term safety of calcmeurin mhibitors. 
eIn one study, CKD developed in 18% of liver transplant recipients. 


ANTIVIRAL AGENTS 


Adefovir dipivoxil is a nucleotide analog reverse transcriptase inhibitor indicated 
for the treatment of chronic hepatitis B (CHB). Adefovir was initially used to treat 
human immunodeficiency virus (HIV); however, nephrotoxicity was a rate-limiting 
side effect at the high doses necessary for HIV treatment.°? The incidence of 
nephrotoxicity is low at currently recommended doses of 10 mg/day in CHB; 
however, routine monitoring of serum creatinine is recommended when treatment 
duration is >1 year as the likelihood of CKD increases with duration of therapy. 
Every 3-month monitoring is recommended in patients at risk of CKD, including the 
elderly and those with pre-existing renal disease, diabetes, or hypertension.>! 
Entecavir and tenofovir are first-line nucleotide inhibitors used preferentially over 
adefovir in CHB. Kidney manifestations with entecavir and tenofovir are 
infrequent, with AKI and hypophosphatemia most frequently observed with 
tenofovir. The American Association for the Study of Liver Diseases 2016 
treatment guidelines of CHB recommend yearly monitoring of serum creatinine in 
patients treated with entecavir and tenofovir. More frequent monitoring 1s 
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warranted in patients with pre-existing kidney disease or at risk for its 
development.> 


Tenofovir is also administered to patients with HIV as part of a multidrug 
combination, typically as the tenofovir disoproxil prodrug. AKI and Fanconi 
syndrome are the most frequently reported kidney manifestations, but CKD may 
also occur.** Tenofovir alafenamide is a new prodrug of tenofovir that maintains 
antiviral efficacy with smaller doses and has the potential for reduced kidney and 
bone toxicity. Whether this prodrug will result in less CKD remains to be 
determined. Other antiviral drugs, such as acyclovir and indinavir, primarily result 
in AKI, which may rarely progress to ESRD. 


This chapter focuses primarily on tacrolimus, cyclosporine, lithium, 
combination analgesics, and Chinese herbs, the agents most commonly associated 
with drug-induced CKD. 


EPIDEMIOLOGY 
TACROLIMUS/CYCLOSPORINE 


Tacrolimus and cyclosporine are calcineurin inhibitors that are administered in 
combination with other immunosuppressive medications to prevent rejection in 
solid organ transplantation and for prevention and treatment of graft-versus-host 
disease. These drugs may also be used for the management of autoimmune 
disorders such as psoriasis, rheumatoid arthritis, ulcerative colitis, Crohn disease, 
and atopic dermatitis. Tacrolimus and cyclosporine cause both AKI and CKD. 
Tacrolimus- or cyclosporine-induced AKI typically occurs within 6—12 months 
after the organ transplantation and is often reversible with dose reduction, whereas 
drug-induced CKD 1s progressive, often occurring after 6—12 months of treatment, 
and may culminate in chronic allograft loss.'!° Tacrolimus and cyclosporine 
contribute to chronic renal allograft nephropathy to a similar degree and have 
similar risk factors and clinical presentations. In one early study, CKD (defined as 
a serum creatinine concentration >2.5 mg/dL) occurred in 18% of liver transplant 
patients receiving cyclosporine or tacrolimus within 13 years after transplantation; 
half of those patients experienced progression to ESRD.*° In heart transplant 
recipients, the incidence of renal insufficiency, defined as a GFR <60 mL/min/1.73 
nr, increased from 28.8% at baseline to 59.6% at 36 months post-transplantation.*® 
In patients receiving cyclosporine for treatment of psoriasis, creatinine clearance 
declined at a rate of 3.1 mL/min/yr and was associated with interstitial fibrosis and 
tubular atrophy.°” 


The incidence of drug-induced nephrotoxicity is more difficult to determine in 
patients who undergo kidney transplantation because chronic rejection, recurring 
renal disease, and drug-induced nephrotoxicity all can play a role in progressive 
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loss of kidney function. In an early retrospective study of more than 1,600 kidney 
transplant patients receiving cyclosporine, the average serum creatinine 
concentration 3 years after transplantation was 1.9 mg/dL. More recent studies 
have evaluated the incidence of calcineurin inhibitor nephrotoxicity at lower doses. 
More than 1,600 kidney transplant recipients treated with low-dose tacrolimus in 
combination with daclizumab induction, mycophenolate, and corticosteroids had a 
GFR of 65.4 mL/min 12 months post-transplantation, a value which was higher than 
with patients receiving regimens of standard dose cyclosporine, low-dose 
cyclosporine, or a calcineurin-free regimen (56-59 mL/min).78 


Despite numerous studies that have evaluated the chronic nephrotoxicity of 
these medications, there is a growing body of evidence to support a variety of 
causes of CKD in the kidney transplant population, with only one component being 
exposure to calcineurin inhibitors. Results from the Long-term Deterioration of 
Kidney Allograft Function study of patients with late graft dysfunction and kidney 
biopsy data showed evidence of antibody-mediated kidney injury in 57% of 
patients with new-onset late kidney allograft dysfunction.°! In a study evaluating the 
causes of kidney allograft loss in more than 1,300 kidney transplant patients, 
calcineurin inhibitor toxicity alone caused 0.6% of grafts lost, although the authors 
speculate that the drugs may have contributed to the development or progression of 
fibrosis and atrophy in about 30% of the grafts lost.°* Thus, the role of calcineurin 
inhibitors in overall chronic kidney allograft damage required further study. 


LITHIUM 


Several renal complications are reported as a consequence of chronic lithium 
therapy. Well-known manifestations include polyuria, polydipsia, and nephrogenic 
diabetes insipidus (defined as an inability to concentrate the urine despite normal 
or increased concentrations of the antidiuretic hormone arginine vasopressin).*~™ 
A causal relationship between lithtum therapy and CKD has not been conclusively 
established. Numerous retrospective and cross-sectional studies have described an 
association between lithium therapy and impaired kidney function, particularly in 
patients receiving long-term (e.g., 10—20 years) therapy. However, significant 
variability is reported in the literature, with an incidence ranging from <1% to as 
high as 21%, and with progression to ESRD occurring rarely.°*** Other studies 
have found no association between lithium intake and reduction in GFR. Poor 
quality of published data, small sample sizes, and exclusion of patients with a 
history of lithium intoxication limit extrapolation of the results. A meta-analysis of 
studies published from the 1960s to the present involving patients with mood 
disorders treated with lithium found only a small risk of renal failure secondary to 
lithium treatment (overall reduction in GFR of 6.2 mL/min).® Other factors such as 
age, concomitant medications, and occurrence of lithtum intoxication may play a 
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role. Thus, the incidence of lithitum-induced CKD is not clear. The prevailing 
consensus is that lithium rarely causes CKD, and its occurrence appears to be 
related primarily to the duration of administration and cumulative dose.” 


ANALGESICS 


Analgesic nephropathy is defined as CKD resulting from long-term intake (more 
than 1 year) of two or more antipyretic analgesics, often in combination with 
substances with potential dependence (e.g., caffeine, codeine). It is estimated that 
analgesic nephropathy is the cause of kidney failure in <1% of cases in the United 
States, but it may account for 3—9% of all cases of kidney failure in Europe and 
Australia, where combination analgesic products have been available without a 
prescription for longer than in the United States.’ Analgesics reported to cause 
CKD include acetaminophen, aspirin, NSAIDs, pyrazolones, and phenacetin.’”? An 
association between analgesic use and renal failure was first identified in patients 
consuming phenacetin-containing analgesics.”’!- As a result, phenacetin use has 
been restricted around the world, and it was removed from the U.S. market in 
1983.’3-"4 Although these restrictions were followed by a decrease in the incidence 
of kidney failure secondary to analgesic nephropathy, the overall incidence of drug- 
induced CKD increased in some regions possibly due to other combinations of 
analgesics, including those containing acetaminophen. ” 


Acetaminophen is a metabolite of phenacetin, and it has been speculated that 
acetaminophen could similarly induce CKD, particularly when consumed as part of 
analgesic combinations. Heavy consumption of acetaminophen has been associated 
with a dose-dependent increased risk of kidney failure in some studies, although it 
is not entirely clear in these reports whether patients consumed single-entity or 
combination products.”!°-”> In addition, other studies did not find a decrease in 
GFR following normal or high-dose acetaminophen therapy. />-’7 


The Nurses’ Health Study evaluated self-reported lifetime use of 
acetaminophen, aspirin, and NSAIDs and change in GFR over an 11-year period 
(1989-2000) in 1,697 women.” Acetaminophen, but not aspirin or NSAIDs, was 
associated with an increased risk of kidney failure and a 30% reduction in GFR. 
However, other studies have not found a correlation between acetaminophen 
consumption and kidney failure, particularly at lower acetaminophen doses. The 
National Kidney Foundation expert panel on analgesic nephropathy issued a 
consensus statement that the habitual use of combination antipyretic analgesics is 
associated with an increased prevalence of CKD, whereas the use of single-entity 
products (aspirin, acetaminophen, NSAIDs) appears to carry a lower risk for 
analgesic nephropathy. Further, the panel’s statement indicates that acetaminophen 
remains the non-narcotic analgesic of choice in patients with kidney failure, 
although habitual consumption is not recommended.” In summary, there is little 
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convincing evidence that acetaminophen causes analgesic nephropathy when used 
alone and at recommended doses. 


Conflicting data also exist regarding NSAID use and worsening CKD. High- 
dose NSAIDs may accelerate progression of CKD, although chronic consumption 
of regular-dose NSAIDs does not appear to have the same effect. In addition, 
NSAIDs may worsen hypertension, lead to hyperkalemia, and may cause a 
prostaglandin-mediated decrease in renal blood flow resulting in AKI. Therefore, 
routine monitoring of kidney function is required with use of NSAIDs, particularly 
in individuals with reduced GFR and in the elderly. 


DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 


Nephropathy associated with Chinese herbs was first identified in the early 1990s 
in Belgium after kidney failure developed in nine patients from the same weight 
loss clinic in association with weight reduction regimens containing Chinese 
herbs.° It was subsequently confirmed that weight reduction regimens from this 
clinic inadvertently contained plant material from species of Aristolochia. 
Aristolochia contains aristolochic acids I and II, which are known nephrotoxins. ’° 
One cross-sectional survey in adult Chinese participants found an association 
between aristolochic acid intake and GFR <60 mL/min/1.73 m? and albuminuria.” 
Originally termed Chinese herb nephropathy, the condition has been renamed 
aristolochic acid nephropathy (AAN) because exposure has occurred secondary to 
food contamination and in the manufacturing of dietary supplements.*? Although the 
incidence is not known, nephropathy associated with Chinese herbs has been 
reported worldwide. Urinary tract cancer has also been associated with 
aristolochic acid, which resulted in its classification as a carcinogen by the 
International Agency for Research on Cancer. Since the early 1990s, many 
countries have banned the use of Aristolochia species. In 2001, the U.S. Food and 
Drug Administration (FDA) issued an alert indicating that dietary supplements are 
unsafe if they contain (or there is even a suspicion that they contain) aristolochic 
acids.*! Manufacturers have been warned to remove aristolochic acid from their 
products, and any products containing aristolochic acid are considered unsafe and 
adulterated.°2 However, even with these warnings, cases of AAN continue to be 
reported around the world, and the product may be available online. ”° 


MECHANISMS 
TACROLIMUS/CYCLOSPORINE 
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CKD induced by tacrolimus and cyclosporine typically presents as chronic 
tubulointerstitial nephritis, characterized on renal biopsy as interstitial fibrosis 
appearing in a “striped” pattern, widespread tubular atrophy, and to a lesser extent, 
glomerulosclerosis. Renal arteriolar hyalinosis is a primary manifestation thought 
to be indicative of cyclosporine- or tacrolimus-induced CKD.!7 Glomerular 
changes may be absent or may occur only in more advanced stages of CKD. Direct 
vascular toxicity and direct tubular toxicity have also been suggested as 
mechanisms for chronic kidney injury.!’ Direct vascular toxicity of endothelial 
cells and release of vasoactive substances, cytokines, and growth factors lead to 
tubulointerstitial fibrosis and glomerulosclerosis. In addition, direct tubular toxicity 
may occur after long-term exposure to calcineurin inhibitors because of the 
induction of apoptosis and inhibition of P-glycoprotein, thus allowing intracellular 
calcineurin inhibitor accumulation.** Biopsies from patients who received kidney- 
pancreas transplants demonstrated severe chronic allograft nephropathy in 58.4% 
of patients and glomerulosclerosis in 37.3%.7° Mechanisms of CKD are described 
in Table 42-2. 


LITHIUM 


Lithitum-induced CKD presents as chronic tubulointerstitial nephritis, characterized 
on renal biopsy as interstitial fibrosis and inflammation, widespread tubular 
atrophy, and glomerulosclerosis. Distal tubular dilation, glycogen deposition, and 
microcyst formation have been reported in lithium-treated patients with CKD.*?*.*° 
The mechanism of lithium-induced CKD is not known but has been speculated to be 
decreased intracellular formation of cyclic adenosine monophosphate or inhibition 
of water transport in the cortical collecting duct.°’ 


Table 42-2 Mechanisms of Drug-Induced Chronic Kidney 





Disease 


Drug Mechanism 

Adefovir/cidofovir/entecavir/tenofovir 15,49-50 Proximal renal tubular injury, tubular atrophy 

Aristolochic acid (Chinese herbs)4,5 Interstitial fibrosis, tubular atrophy 

Antipyretic analgesics8,a Papillary necrosis, interstitial nephritis 

Cisplatin12,14 Interstitial fibrosis, tubular atrophy 

Cyclosporine 17,84 Interstitial fibrosis, tubular atrophy, afferent 
arteriolopathy 

Gold salts30,31 Proteinuria, membranous glomerulonephritis, minimal- 
change disease, immune complex mesangial 
glomerulonephritis 
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Ifosfamide 13-14 Interstitial fibrosis, tubular atrophy 
Lithtum83,85-86 interstitial fibrosis, tubular atrophy, tubular cysts 
Nitrosoureas (streptozocin, carmustine, lomustine)14 Glomerulosclerosis, interstitial fibrosis, tubular atrophy 


D-penicillamine44 Proteinuria, membranous nephropathy, immune 
complex mesangial glomerulonephritis, rapidly 
progressive crescentic glomerulonephritis 


Propylthiouracil45 Glomerulonephritis, tubulointerstitial nephritis 
Tacrolimus 17,84 Interstitial fibrosis, tubular atrophy, afferent 
arteriolopathy 


aChronic consumption of a combination of at least two antipyretic analgesics, and usually caffeine or codeine or 
both. 


ANALGESICS 


Papillary necrosis associated with calcification is a hallmark feature of analgesic 
nephropathy and often precedes the development of cortical changes.* A potential 


mechanism for the toxicity of combination analgesics has been suggested.® 
Acetaminophen and phenacetin are primarily removed from the body by renal 
excretion of glucuronides. However, acetaminophen is also oxidized to N-acetyl- 
benzoquinoneimine, a highly reactive intermediate, which accumulates in the 
papillae of the kidney. Reduced glutathione can quickly react with and decrease 
free radical toxicity; however, concomitant ingestion of salicylates depletes renal 
medullary glutathione, thus enabling the reactive metabolites to cause papillary 
necrosis. In addition, decreased synthesis of vasodilatory prostaglandins by 


NSAIDs and salicylates can cause renal ischemia.® 


DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 


Pathologic features associated with AAN include extensive interstitial fibrosis and 


tubular atrophy, with the most significant lesions in the superficial cortex.* 
Glomerulosclerosis is more limited and is often secondary to tubular and 
interstitial damage. Thickening of Bowman’s capsule and swelling of interlobar 


and afferent arteriole walls may also be present. Because the cortex is most 
severely damaged, it has been speculated that direct proximal-tubule epithelial cell 


damage is the most likely mechanism.> It has also been suggested that the primary 
lesion occurs in small arterial walls, leading to ischemia and interstitial fibrosis, or 


that interstitial fibroblasts are stimulated directly. 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Patients with drug-induced CKD typically present with nonspecific symptoms 
attributed to kidney failure. Table 42-3 lists signs and symptoms commonly 
associated with CKD, including drug-induced causes. In addition to drugs, a variety 
of medical conditions can lead to CKD. Table 42-4 lists conditions to be 
considered in the differential diagnosis of drug-induced CKD. 





Table 42-3 Signs and Symptoms Associated with Drug-Induced 


Chronic Kidney Disease 





Water and sodium imbalance 


* Elevated blood pressure 
* Nocturia 

* Peripheral edema 

¢ Pulmonary edema 

¢ Weight gain 


Hematologic 


¢ Anemia 

* Bleeding 

* Dizziness 

* Fatigue 

* Headache 

* Shortness of breath 


Hyperphosphatemia 


* Persistent itching 


Urinary 


* Decreased urine output 
* Blood in urine 
* Protein in urine 


Hyperkalemia 


¢ Palpitations or irregular heartbeat 
¢« Numbness or tingling 


Cardiovascular 


* Chest pain 

* Dizziness 

* Edema 

* Fatigue 

* Headache 

¢ Hypertension 
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¢ Nervousness 


Neurologic 


* Fatigue 

¢ Insomnia and sleep disturbances 
* Malaise 

* Paresthesias 

* Restless legs 

* Seizures 

* Weakness 


Gastrointestinal 


* Diarrhea or constipation 
* Nausea, vomiting, anorexia 
* Unpleasant taste 


Metabolic/endocrine 


* Bone fractures 

* Bone pain 

* Glucose intolerance 
* Gout 

* Growth retardation 
* Sexual dysfunction 


Nutritional 


¢ Anorexia 

* Decreased muscle mass 

* Weight loss 

¢ Protemuria (gold salts, D-penicillamine, nonsteroidal anti-inflammatory agents) 


Psychological 
* Anxiety 

* Depression 

* Psychosis 
Dermatologic 


* Pigmentation 
* Pruritus 


Table 42-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Chronic Kidney Disease 


* Chronic rejection of a transplanted kidney 
* Cystic kidney disease 

* Diabetic nephropathy 

* Glomerulonephritis 

* Hereditary (e.g., Alport disease) 

* Hypertensive nephrosclerosis 

* Obstructive uropathy 
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* Pyelonephritis 
¢ Renal vascular disease 


TACROLIMUS/CYCLOSPORINE 


CKD induced by tacrolimus or cyclosporine occurs insidiously, usually beginning 
after at least 6-12 months of therapy. Patients have an increase in serum creatinine 
and blood urea nitrogen (BUN) concentrations and often present with hypertension. 
Differentiating chronic organ rejection from drug-induced nephrotoxicity is 
difficult, especially in kidney transplant recipients.'° Kidney biopsy findings 
associated with chronic cyclosporine or tacrolimus nephrotoxicity include nodular 
arterial hyalinosis, tubular atrophy, glomerulosclerosis, and tubulointerstitial 
fibrosis ina “striped” pattern.°’°7-8° Manifestations of cyclosporine- or tacrolimus- 
associated CKD are similar to those of other causes of CKD (e.g., fluid overload, 
anemia, electrolyte abnormalities). Recent evidence suggests that calcineurin 
inhibitor use may not be a major factor in late graft loss, and that immune injury 
from donor antibodies may play a prominent role.” 


LITHIUM 


Patients with lithtum-induced CKD present with an insidious increase in serum 
creatinine and BUN concentrations, often after decades or more of treatment.”! 
Patients may present rarely with hypertension and proteinuria. In most reported 
cases of lithtum-induced CKD, reduction in renal function was mild (creatinine 
clearance >50 mL/min). Progression of CKD to ESRD is uncommon.” 


ANALGESICS 


Patients with analgesic-induced nephropathy develop an insidious increase in BUN 
and serum creatinine concentrations.” Symptoms of renal failure secondary to 
analgesic nephropathy are nonspecific. Patients may rarely report renal colic and 
hematuria secondary to excreting necrotic papilla in the urine. A careful 
medication history is needed to determine a pattern of analgesic use that lists 
lifetime usage of prescription and nonprescription medications, including those that 
are no longer commercially available. Daily consumption of analgesic 
combinations for more than 1 year is highly indicative of abuse. In suspected 
cases, a computed tomography (CT) scan without contrast medium is indicated. In 
patients with analgesic-induced nephropathy, the CT scan reveals decreased 
bilateral renal mass in addition to bumpy contours of the kidney, papillary 
calcifications, or both.”? 
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DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 


Patients with AAN typically present with nonspecific findings attributed to CKD, 
although anemia may be more pronounced than expected based on the stage of 
CKD.” In addition, mild proteinuria and glycosuria may be present.”* An accurate 
medication history to confirm ingestion of Chinese herbs 1s critical to the diagnosis. 
Aristolochic acid was found not only in dietary supplements but also in 
supplements for arthritis, pain, and hepatitis.?7 Kidney size is decreased, and 
diagnosis may be confirmed with a kidney biopsy, which reveals extensive 
interstitial fibrosis.°* In addition, urothelial lesions or urothelial transitional cell 
carcinoma may also be present.”* Progression to ESRD occurs rapidly. ”® 


RISK FACTORS 


Although risk factors for CKD induced by calcineurin inhibitors and analgesics 
have been identified (Table 42-5), risk factors for CKD caused by other drugs are 
not well defined. 


Table 42-5 Risk Factors for Drug-Induced Chronic Kidney 


Disease 





CyclosporineAacrolimus 


* Age >S0 years 

¢ Diminished pretreatment renal function 

¢ Higher cumulative dose 

¢ Increased duration of exposure 

* Number of episodes of acute renal failure secondary to cyclosporine or tacrolimus 
* Number of rejection episodes 

* Poor kidney function in the first 3-12 months after surgery 

* Postoperative acute renal failure 


Lithium (risk factors not well established, but may include the 
following) 


Concurrent treatment with other psychotropic drugs 
¢ Episodes of acute lithium intoxication 
¢ Higher cumulative doses 
* Longer durations of exposure 
* Occurrence of nephrogenic diabetes insipidus 
Serum creatinine concentration >2.5 mg/dL at diagnosis 


Antipyretic analgesics (long-term use, usually in combination with 
caffeine or codeine or both) 
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¢ >I g daily for >1 year 

* Cumulative doses of 1-3 kg 

Aristolochic acid 

* Risk factors not established; dose and duration of therapy have been speculated to be risk factors 


TACROLIMUS/CYCLOSPORINE 


Some risk factors for developing tacrolimus- or cyclosporine-induced CKD have 
been more clearly elucidated than others. Potential risk factors include increased 
length of exposure (minimum duration 6—12 months), higher cumulative dose, poor 
kidney function during the first 3-12 months after transplantation, episodes of 
cyclosporine- or tacrolimus-induced AKI, at least one acute rejection episode, 
diminished pretreatment renal function (GFR <70 mL/min/1.73 m), postoperative 
AKI, and age >50 years.!®!773.9>-°9 Diabetes and hypertension may have a role.7? 
There is no consistent correlation between trough cyclosporine or tacrolimus 
concentrations and the development of chronic nephropathy. !” 


LITHIUM 


The most consistent risk factor for lithium-induced CKD is duration of therapy.*° 
One study found a decrease in GFR of 0.64 mL/min/yr of lithium treatment.!°! Other 
risk factors have not been clearly identified. It has been speculated that episodes of 
acute lithium intoxication and nephrogenic diabetes insipidus may contribute to 
development of CKD.*’ Long-term concurrent treatment with other psychotropic 
drugs is another potential risk factor.*’ Daily lithium dose and serum lithium 
concentrations do not appear to be risk factors, although once-daily dosing has been 
speculated to pose less risk than multiple-daily dosing due to tubular regeneration 
with once-daily administration. ! It is unknown whether pre-existing CKD is a risk 
factor for renal toxicity. Increased individual sensitivity to lithtum has not been 
demonstrated, but lithium sensitivity could explain why CKD develops in some 
patients but not others. 


ANALGESICS 


The primary risk factor for analgesic nephropathy is long-term consumption of 
antipyretic analgesics. Consumption of these drugs in doses of >1 g daily for 1 year 
or more are at increased risk, as are individuals consuming cumulative amounts of 
1 to 3 kg or more. ”:!? It has been suggested that analgesics containing caffeine may 
increase the risk of nephropathy, but the role of caffeine in analgesic-induced CKD 
has not been clearly elucidated.!* Caffeine may inhibit prostaglandin synthesis via 
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suppression of cyclooxygenase-2, decrease medullary oxygen supply, or promote 
analgesic dependence.!* There is limited evidence that long-term consumption of 
acetaminophen alone leads to analgesic nephropathy, although its role as a cause of 
this drug-induced disease cannot be excluded completely. 


DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 


Risk factors for AAN have not been well established. It has been speculated that 
dose, duration of therapy, and concurrent ingestion of dexfenfluramine, 


phentermine, or both may increase the risk.°” In addition, most cases of AAN have 
occurred in women. However, women are more likely to consume weight-loss 
products than men and may therefore have increased risk of exposure to Chinese 
herbs. Whether female sex is a risk factor for nephropathy induced by Chinese 
herbs is not known. 


MORBIDITY AND MORTALITY 
TACROLIMUS/CYCLOSPORINE 


Chronic allograft nephropathy is a term that was used historically to characterize 
the syndrome that encompasses both chronic kidney rejection and calcineurin 
toxicity in kidney transplant recipients.”” However, morbidity and mortality risk 
associated with the drugs needs to be further elucidated given the uncertainty about 
whether the kidney injury is solely attributable to calcineurin use as recent 
evidence suggests that calcineurin inhibitor nephrotoxicity may not be the major 


factor in late graft failure and that antibody-mediated rejection may predominate.” 

Chronic allograft nephropathy resulting in graft loss has been reported to occur 
in approximately 10-40% of heart transplant recipients.°° In lung transplant 
recipients, kidney failure developed in 15% of tacrolimus-treated patients at 1 
year.*° In a study of heart transplant recipients receiving cyclosporine, there was a 
12% probability of developing stage 5 CKD at 10 years postoperative.~’ 


LITHIUM 


Lithitum-induced CKD results in mild reduction in renal function. Studies have 
reported a yearly decrease in GFR ranging from 0.64 mL/min to 2.29 mL/min.4”:!0! 
In a study of 61 patients receiving lithium for an average of 15.6 years, estimated 
GFR was 66.1 mL/min compared to 75 mL/min in the control group.! Rarely does 
lithium-induced CKD progress to ESRD and necessitate dialysis. 
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ANALGESICS 


Progression to kidney failure is likely if chronic analgesic consumption continues. 
Discontinuation of analgesics may slow progression, but renal function is not likely 
to improve. 


DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 


Progression to kidney failure occurs at a very rapid rate, typically within 1-7 
years.°° There is some evidence that high cumulative exposure causes faster 
progression to ESRD.*° Progression of CKD may continue even after 
discontinuation of the herb-containing supplement.”” 


PREVENTION 


Prevention of drug-induced CKD includes routine monitoring of kidney function 
and evaluation of patients for signs and symptoms associated with CKD (Table 42- 
6). 


Table 42-6 Approaches to Help Prevent Drug-Induced Chronic 


Kidney Disease 





Cyclosporine 


¢ Avoid concurrent nephrotoxic medications 

¢ Minimize dose and duration of use 

* Assess renal function up to twice weekly in new transplant recipients; with decreasing frequency in 
individuals with stable kidney function (monthly to yearly evaluation) 


Lithium 

¢ Avoid acute lithium intoxication 

* Avoid elevated serum lithium concentrations 

* Consider withdrawal of lithium to minimize length and total drug exposure in patients with decreased kidney 
function suspected to be due to lithium (based on risk—benefit assessment determined on an individual basis) 

* Assess renal function every 6-12 months 


Antipyretic analgesics 


* Completely preventable by avoidance 
¢ Institute interventions to curb analgesic abuse 


Chinese herbs (aristolochic acid) 
* Completely preventable by avoidance 


* Glucocorticoids may delay progression to ESRD? 
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ESRD = end-stage renal disease. 


TACROLIMUS/CYCLOSPORINE 


Whether it is possible to prevent development of chronic nephrotoxicity from 
calcineurin inhibitors is a subject of much debate. Increased duration of exposure 
and increased cumulative drug exposure have been postulated to cause chronic 
renal damage, but an association between blood cyclosporine concentrations and 
CKD has not been established.!”°° Thus, routine monitoring of trough blood 
cyclosporine concentrations does not aid in preventing CKD as it does in AKI. 
Eliminating or reducing patient exposure to calcineurin inhibitors has been one 
strategy to prevent development of CKD. Although some studies found lower mean 
serum creatinine concentrations with regimens not containing calcineurin inhibitors 
compared to regimens containing the combination of mycophenolate and steroids 
with calcineurin inhibitors, other studies found decreased allograft survival when 
tacrolimus and cyclosporine are excluded.!%!°’ Total avoidance of calcineurin 
inhibitors result in reduced graft survival in liver transplant recipients.*! One study 
using data from the Scientific Registry of Renal Transplant Recipients demonstrated 
decreased allograft survival when tacrolimus and cyclosporine are excluded (64% 
allograft survival) compared to regimens containing cyclosporine or tacrolimus 
(78% allograft survival).!°’ Other protocols that discontinued calcineurin inhibitors 
in patients who had initially received them demonstrated mixed results. !°° 


The National Kidney Foundation and the Kidney Disease Outcomes Quality 
Initiative Clinical Practice Guidelines recommend initial therapy with tacrolimus 
compared to a calcineurin-free regimen in kidney transplantation. In cases where 
chronic allograft injury develops, dose reduction followed by calcineurin 
withdrawal can be considered.?!°8 


LITHIUM 


Elevated serum lithium concentrations may predispose patients to lithium-related 
adverse effects. In addition, some evidence suggests that episodes of acute 
intoxication or the occurrence of nephrogenic diabetes insipidus can predispose a 
patient to CKD.*’ Thus, it is recommended to maintain serum lithium concentrations 
as low as clinically feasible. It is also important to rule out other causes of renal 
failure (e.g., diabetes, hypertension) and to establish the relative contribution of 
each risk factor. Whether discontinuation of lithium leads to improvement in the 
GFR is not clear. Kidney function should be assessed every 2—3 months during the 
first 6 months of lithtum treatment and at least yearly in stable patients; more 
frequent monitoring is indicated in higher-risk patients (e.g., increased age, 
occurrence of lithium intoxication). !°” 
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ANALGESICS 


Analgesic nephropathy is one of the few preventable causes of CKD. Because the 
primary risk factor is long-term consumption of non-narcotic analgesics, 
identification of analgesic abuse and interventions to curb abuse may prevent 
progression to ESRD. Discontinuation of analgesics may stabilize kidney function, 
but kidney function is not likely to return to baseline.!!° More importantly, limiting 
the sale of combination analgesics can decrease the prevalence of analgesic- 
induced CKD. The National Kidney Foundation recommends that the “availability 
of analgesic mixtures as an over-the-counter (OTC) product should cease” and 
prescription products should bear a warning of the association between kidney 
disease and the habitual consumption of analgesic mixtures.°? However, 
combination OTC analgesic products remain commercially available. 


DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 


Avoiding the use of Aristolochia species prevents AAN. In 2001, the FDA issued 
an alert stating that dietary supplements are unsafe if they contain (or if there is 
even a suspicion that they may contain) aristolochic acids.8! Manufacturers of 
dietary supplements must ensure the safety of their products with strict 
manufacturing procedures that ensure that these products do not contain aristolochic 
acid. Despite this warning, products containing aristolochic acids may still be 
available over the Internet.'!! In one study, aristolochic acids I and II were found in 
20% and 7%, respectively, of 30 herbal products marketed in the United States via 


the Internet.!!? Practitioners must consider the potential role of dietary supplements 
when evaluating new patients presenting with kidney disease. The public also 
needs to be made aware of the potential dangers associated with such herbal 
products. 


MANAGEMENT 


Management of drug-induced CKD is largely supportive. General recommendations 
for managing complications associated with CKD are presented in Table 42-7. 


TACROLIMUS/CYCLOSPORINE 


There is presently no effective treatment for tacrolimus- or cyclosporine-induced 
chronic nephrotoxicity.!'? Withdrawal of therapy or substitution of alternative 
immunosuppressive agents (e.g., sirolimus) may slow the rate of loss of renal 
function or lead to improvements in GFR.'!* However, the benefits of continued 
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therapy in terms of graft survival must be weighed against the risk of drug-induced 
CKD. Routine monitoring of renal function is required in all patients treated with 
cyclosporine or tacrolimus. 


LITHIUM 


Although there are multiple treatment options for lithium-induced polyuria (e.g., 
thiazides, amiloride, indomethacin), less is known about effective treatment for 
lithium-induced CKD. Minimizing progression with an angiotensin-converting 
enzyme inhibitor, normalizing blood pressure, and avoiding other nephrotoxic 
medications have been suggested.'!? Whether discontinuation of lithium therapy 
decreases progression of lithium-induced CKD remains controversial. Because rate 
of progression to CKD 1s slow, lithium could be tapered slowly while alternative 
treatment is titrated upward.®8 


Table 42-7 Treatment Options for the Management of Drug- 


Induced Chronic Kidney Disease 


¢ Discontinue the offending agent (may lead to reversal or halt progression of CKD) and administer less 
nephrotoxic medication 
* Dialysis or kidney transplantation (if progression to end-stage renal disease) 
¢ Treatment of common complications of CKD: 
o Anemia—erythropoietin or darbepoetin; iron 
o Bleeding—tred-cell transfusion, DDAVP, conjugated estrogens, erythropoietin 
o Hyperkalemia—dietary potassium restriction, sodium polystyrene sulfonate, intravenous calcium, 
intravenous insulin and glucose, intravenous sodium bicarbonate 
o Hyperlipidemia—bile acid sequestrants, nicotinic acid, statins, gemfibrozil, clofibrate, probucol 
o Hyperphosphatemia/secondary hyperparathyroidism—dietary phosphorus restriction, phosphate binders, 
calcium supplements, vitamin D analogs, calcimimetics, parathyroidectomy 
o Hypertension—AIl classes of antihypertensives can be used; multidrug regimens may be needed; select 
therapy based on concomitant medical needs 
o Malnutrition—vitammn and nutritional supplements 
o Water and sodium imbalance—sodium restriction, diuretics 


CKD = chronic kidney disease, DDAVP = 1-deamino-8-D-arginine vasopressin. 





ANALGESICS 


Discontinuation of analgesic consumption is a primary treatment goal, as this may 
prevent progression of CKD.!!° In patients with established nephropathy, 
complications of CKD should be treated and dialysis initiated as indicated. 


DIETARY SUPPLEMENTS CONTAINING 
ARISTOLOCHIC ACID 
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There is no specific treatment for AAN. In rare cases, CKD is reversible with 
discontinuation of treatment.!!’ However, in at least 70% of cases, patients 
progress to stage 5 CKD and require either dialysis or kidney transplantation.*! 
One small study found that corticosteroids slowed progression to kidney failure. !!® 


INFORMATION FOR PATIENTS 


Patients receiving medications such as cyclosporine, tacrolimus, and lithium (Table 
42-1) should be instructed that routine blood work for assessment of renal function 
is essential, because patients remain asymptomatic until creatinine clearance is 
significantly reduced (<30 mL/min). Patients should be counseled regarding the 
signs and symptoms associated with CKD (Table 42-3) and should be instructed to 
seek medical attention if any of these occur. 


In addition, patients must recognize that nonprescription medications can cause 
nephrotoxicity. Acetaminophen remains the non-narcotic analgesic of choice in 
individuals with CKD. However, patients should be informed that acetaminophen is 
not intended for long-term consumption and that any long-term use should be 
undertaken with the supervision of the patient’s healthcare providers. In addition, 
patients should be educated about the association of kidney injury with long-term 
consumption of combination analgesics, and chronic use should be strongly 
discouraged. Patients should be informed that the FDA regulates dietary 
supplements as foods rather than drugs, and therefore products are not required to 
undergo the same rigorous clinical testing and quality control as drugs. Caution in 
using these products is advised. Importantly, patients should be instructed that diet 
aids containing aristolochic acid can lead to development of CKD and that their use 
must be immediately discontinued. 
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CHAPTER 43 


Syndrome of Inappropriate 
Antidiuretic Hormone Secretion and 
Diabetes Insipidus 


Mark A. Malesker and Daniel E. Hilleman 


The syndrome of inappropriate antidiuretic hormone secretion (SIADH) and 
diabetes insipidus (DI) are conditions of altered water balance related to the 
abnormal secretion and/or action of antidiuretic hormone (ADH), also known as 
arginine vasopressin (AVP). ADH is produced in the posterior pituitary gland and 
acts to increase cellular permeability to water in the distal tubule and the collecting 
duct of the nephron, thus increasing water reabsorption. SIADH causes 
reabsorption of water in the nephron that is inappropriate for the patient’s serum 
osmolality, and this results in hyponatremia. Conversely, DI causes hypernatremia 
due to the loss of large amounts of dilute urine. DI can be either central (reduced 
secretion of ADH) or nephrogenic (reduced sensitivity to ADH in the nephron) in 
origin.!° There are many causes of SIADH and DI and both can be drug-induced. 


SIADH 
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CAUSATIVE AGENTS 


Drugs that have been reported to cause SIADH are listed in Table 43-1.7?*2 
Antidepressants (in particular the selective serotonin reuptake inhibitors or SSRIs); 
the serotonin—-norepinephrine reuptake inhibitors (SNRIs) venlafaxine and 
duloxetine; chemotherapy agents including vinca alkaloids, cisplatin, and 
cyclophosphamide; the anticonvulsants carbamazepine and oxcarbazepine; and the 
sulfonylureas are the agents most strongly associated with SIADH. 
Methylenedioxymetham-phetamine (MDMA or “ecstasy’)-induced SIADH_ has 
been widely reported in the literature. Other medications that have been implicated 
in SIADH, but are less well studied, include the angiotensin-converting enzyme 
inhibitors and amiodarone. 






Table 43-1 Agents Implicated in Drug-Induced Syndrome of 
Inappropriate Antidiuretic Hormone Secretion 





Level of 
Evidence* 






Incidence 


SSRIsb 
Citalopram7- 19 
Escitalopram20-23 
Fluoxetine24-40 


Fluvoxamine41 ,42 





Levomilnacipran43 
Paroxetine29,41,44-60 


Sertraline24,30,3 1,57,61-76 


C 
C 
C 
C 
C 
B 
B 
C 


Vortioxetine77 


TRICYCLIC ANTIDEPRESSANTS 
Amitriptyline 78-83 


A 
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Amoxipine84-85 
Clomipramine86-88 
Desipramine89,90 
Doxepine84 
Imipramine33,9 1-94 


Nortriptyline95 





QO; a; aT ay;yal ay wy] a 


Protriptyline96 
Trimipramine97 


OTHER ANTIDEPRESSANTS 
Bupropion94,98 


Duloxetine 19,99-101 
Desvenlafaxine 102 
Isocarboxazid103 
Mirtazapine 18,90,104-106 
Phenelzine 107 
Tranylcypromine 108 
Trazodone 109 

Venlafaxine 14,51,90,100-116 
Vilazodone 117 


ANTIPSYCHOTIC AGENTS 
Aripiprazole 118,119 


Chlorpromazine 120 
Clozapine 121 
Fluphenazine 122 
Haloperidol1 23,124 
Olanzapine 125 
Perphenazine 126 
Pimozide 127,128 
Quetiapine 129 
Risperidone 130,131 
Thioridazine78,132,133 
Trifluoperazie82, 134 
Thiothixene 133 


CANCER CHEMOTHERAPY AGENTS 
Aminoglutethimide 135 


Bortezomib 136 
Carboplatin137 


Chlorambucill 38 
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NK 
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Cisplatin139-143 
Cyclophosphamide (intravenous) 144-147 
Docetaxell48 
Etoposide 149 
Ifosfamide36,150,151 
Levamisole 152 
Melphalan153 
Thiotepa 154 
Vinblastine 155-158 
Vincristine 159-161 
Vinorelbine67,162 


ANTIEPILEPTIC DRUGS 
Carbamazepine 163-170 


Felbamate 171 

Lamotrigine 172 
Levetiracetam173 
Oxcarbazepine 1 63,170,174-179 
Valproic acid180-182 


ORAL HYPOGLYCEMIC AGENTS 
Chlorpropamide | 83-187 


Glimepiride 188 
Glipizide 1 89 
Glyburide 190 
Rosiglitazone 191 


Tolbutamide 187 


Z 
nw 


Z 


Z| Z 
/ 
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2.8-40% 


12.4-29.9% 
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2-7% 
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ANGIOTENSIN-CONVERTING ENZYME INHIBITORS 


Enalaprill 92-194 
Lisinoprill 95 
Ramiprill 96 


MISCELLANEOUS 
Alemtuzumab197 


Amiodarone 198-202 





Amantadine203-205 
Atomoxetine206 
Azithromycin207 
Ciprofloxacn208 
Clonidine209 
Cyclobenzaprine210 
Diclofenac211 
Dinutuximab212 
Esomeprazole213 
Fentanyl214 
Foscarnet215 
Ganciclovir216 
Ibuprofen217 
Imatinib218 
L-dopamine203,219 
Lopinavir—ritonavir220 
Lorazepam221 
Memantine222 
Methadone223 
Methyldopa224 
MDMA (ecstasy)225-235 


Morphine236 





Moxifloxacin237 

Nicotine patch238 

Omeprazole239 

Oxycodone240 

Pentamidine241 

Pentostatin242 

Polyethylene glycol bowel preparation243 
Propafenone244 
Quinupristin—dalfopristin245 

Rifabutin246 


Z 








<1% 
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0-34.5% 
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Ropinirole247 
Theophylline248 
Thiazide diuretics249 


NK 
NK 
NK 

Tolterodine250 


Trihexyphenidyl204 NK 





Trimethoprim25 1 NK C 


NK = not known, MDMA = methylenedioxymethamphetamine, SSRI = selective serotonin reuptake imhibitor. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bThe overall incidence of drug-induced SIADH with SSRIs was reported to be as high as 39% in one case- 


control study.252 


EPIDEMIOLOGY 


The exact incidence of drug-induced SIADH is not known but is likely very low. 
The incidence is difficult to determine because most studies are small and 
retrospective. In addition, most studies use hyponatremia rather than urine 
electrolyte concentrations and osmolality as criteria for diagnosing SIADH. Urine 
electrolyte concentrations and osmolality are much better indicators of SIADH, 
although they are rarely reported. Additionally, varying definitions of hyponatremia 
have been used in case reports and studies and during postmarketing surveillance. 
Some studies, for example, have used mild hyponatremia (e.g., serum sodium <135 
mEq/L) as the sole marker for SIADH. This approach may result in a higher 
reported incidence of SIADH associated with a given drug, even though relatively 
small decreases in serum sodium concentrations likely have negligible clinical 
significance. 

Most of the clinical studies of drug-induced SIADH involve antidepressants, in 
particular the SSRIs, and are primarily retrospective, case-control studies 
conducted in psychiatric inpatients.°!!47>2>4>° In one such study, 39% of elderly 
psychiatric inpatients receiving an SSRI or venlafaxine (a norepinephrine— 
serotonin reuptake inhibitor) had hyponatremia (defined as serum sodium 
concentrations <135 mEq/L), as compared with an incidence of 10% in controls.?>2 
In a retrospective case study, the incidence of symptomatic SIADH due to SSRIs 
was 12.5%; however, this incidence may be overstated due to the retrospective 
nature of the trial and because patients were identified through hospital admissions 
and may not represent an otherwise “healthy” population.2°> No cases of 
hyponatremia were found in a retrospective review of 246 primarily male patients 
receiving sertraline, while a prospective trial noted an incidence of 17.2%.!!47° A 
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prospective study of paroxetine in 75 patients (age 63-90 years) in an ambulatory 
psychiatric clinic revealed an incidence of hyponatremia (defined as serum sodium 
concentration <135 mEq/L) of 12%.°° Venlafaxine has been associated with an 
even higher risk of hyponatremia in psychiatric inpatients.7> 


Although many case reports have associated antipsychotics with SIADH, a 
retrospective study of 328 patients being treated for schizophrenia failed to find 
such a relationship. The authors suggest that schizophrenia itself (or perhaps other 
factors), and not the drugs used to treat the disease, is the cause of hyponatremia in 
this patient population.**/ 

Carbamazepine is well known to cause SIADH. The reported incidence varies 
from 4.8% to 40%.!7°7° Oxcarbazepine is a 10-keto analog of carbamazepine that 
may be associated with a higher incidence of hyponatremia secondary to 
SIADH.!7°!77259 Hyponatremia (serum sodium concentrations <135 mEq/L) has 
been estimated to occur in as many as 25% to 29.9% of patients receiving 
oxcarbazepine.!”°>° In a cross-sectional study of 548 patients, the incidence of 
hyponatremia (with serum sodium concentrations <128 mEq/L) associated with 
carbamazepine and oxcarbazepine was 2.8% and 12.4%, respectively.!”° In one 
study, approximately 40% of patients experienced a reduction in serum sodium 
concentration when carbamazepine was replaced with oxcarbazepine, although 
most changes were mild and probably of no clinical significance. !7/ 


Chlorpropamide has frequently been associated with SIADH, but is no longer 
widely prescribed in the United States for diabetes management. Two percent of 
patients receiving chlorpropamide were found to experience hyponatremia with a 
serum sodium concentration of <130 mEq/L, while 7% experienced hyponatremia 
with concentrations in the range of 130-134 mEq/L.!*? Hyponatremia or SLADH 
associated with the newer-generation sulfonylureas has been recognized in 
postmarketing surveillance. !°%-!9? 


A retrospective review of 1,436 MDMA (ecstasy) intoxication cases in 
Califorma revealed a 34.5% incidence of hyponatremia (serum sodium 
concentration <130 mEq/L) among the 188 patients who had serum sodium 
concentrations reported.” This incidence is likely higher than what would be seen 
in the general population of MDMA users, as patients who presented with 
significant mental-status changes were probably more likely to have had a serum 
sodium concentration measured. 


MECHANISMS 


The precise mechanisms of drug-induced SIADH are not well understood. The 
disorder occurs as a result of either an increase in central ADH production (as 
occurs with cyclophosphamide, carbamazepine, vinca alkaloids, antidepressants, 
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and antipsychotics) or an increased sensitivity to ADH at the level of the nephron 
(as occurs with chlorpropamide, carbamazepine, and cyclophosphamide).> 

Animal models suggest that 5-hydroxytry-ptophan (HT or serotonin) stimulates 
ADH release.?°!263 Specifically, 5-HT5c, 5-HTsy, and 5-HT, receptors are 


implicated in the pathogenesis of drug-induced SIADH.”°' MDMA is known to 
have serotoninergic activity, and the likely mechanism for MDMA-induced SIADH, 
therefore, is increased ADH release.?”° A small prospective study of eight healthy 
volunteers showed that even small doses of MDMA could cause increased 
secretion of ADH, most likely due to central serotoninergic stimulation.2*? This 
effect may be attributed to both the parent compound and its metabolites.7™ 


A study in patients with epilepsy and healthy volunteers assessed water 
disposition before and after oxcarbazepine administration. Oxcarbazepine exposure 
resulted in reductions in serum sodium concentrations and osmolality after water 
loading in both groups. There was no difference in serum ADH concentrations 
before or after oxcarbazepine exposure, suggesting that the hyponatremia might be 
due to increased sensitivity to ADH or even a direct antidiuretic effect rather than 
inappropriate secretion of ADH.*© However, because the variation in ADH serum 
concentrations that may normally occur within a given range of serum osmolality is 
not known and serum ADH concentrations are not a routine part of the diagnostic 
workup for SIADH, this study cannot be considered conclusive. More studies will 
be needed before the exact mechanism(s) of oxcarbazepine-induced SIADH is 
understood. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


SIADH is associated with a decreased volume of inappropriately highly 
concentrated urine (e.g., urinary sodium >40 mEq/L and urinary osmolality >100 
mOsm/kg water). If fluid intake is not significantly reduced, the increased water 
reabsorption in the nephron leads to a dilutional hyponatremia. Patients with 
SIADH present with normal volume status (euvolemia) because the excess water 
distributes throughout the body’s fluid compartments. Because sodium and its 
associated anions are the primary contributors to extracellular tonicity, hypotonicity 
ensues. Symptoms of hyponatremia are related to the degree of serum hypotonicity 
and the time frame over which hypotonicity occurs. Signs and symptoms of 
hyponatremia are listed in Table 43-2. The most important manifestations of 
hypotonicity involve the central nervous system, because serum hypotonicity causes 
water to move into cells, resulting in cerebral cellular swelling. Hyponatremia 
caused by SIADH is generally not acute, usually developing over >48 hours. As a 
result, patients may experience only mild symptoms or may be completely 
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asymptomatic. If hyponatremia is acute and serum sodium concentrations are <120 
mEq/L, patients can present with symptoms such as headache, nausea, vomiting, 
muscle weakness, or mental-status changes. Serum sodium concentrations <110 
mEq/L can be associated with more severe symptoms, including gait disturbances 


and potential falls, stupor, coma, seizures, and, rarely, death.!37 


Table 43-2 Signs and Symptoms Associated with Drug-Induced 
Syndrome of Inappropriate Antidiuretic Hormone Secretion 





(Hyponatremia)!-3.a 
Moderate 

¢ Anorexia 

¢ Headache 

e Malaise 


* Mental status changes 

¢ Muscle weakness and cramps 
* Nausea 

* Vomiting 

Severe 


* Coma 

* Gait disturbances 

* Seizure 

° Stupor 

aSigns and symptoms associated with hyponatremia due to SIADH are often mild or absent, because 


hyponatremia often occurs over a long period of time. 


Analyses of reported cases of SSRI-associated SIADH reveal _ that 
hyponatremia occurs 3—120 days after the initiation of therapy, with a median time 
to onset of 13—15 days.*°’°8 In a prospective study, the mean time from the start of 
therapy to the onset of hyponatremia was 9.3 days, with a range of 1-14 days.>° 
Venlafaxine-induced SIADH may occur within 3—5 days following initiation of 
drug therapy.!!4 Oxcarbazepine-induced SIADH usually develops within the first 3 
months of therapy.'!’° Hyponatremia has been detected within 3-10 days after 
exposure to the vinca alkaloids.°”-!>>-! 

Hyponatremia appears to occur much more quickly in association with MDMA 
than with other drugs known to cause SIADH. Patients generally present with 
symptoms within 12—24 hours after drug ingestion. The rapid onset of symptoms is 
probably partially due to MDMA users often concomitantly ingesting large amounts 
of nonalcoholic or alcoholic beverages, which compounds the inadequate renal 
response to water loading caused by the drug. In one published case series, 17 
patients with MDMA-induced SIADH and hyponatremia presented with a 
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constellation of symptoms including vomiting, behavioral changes, drowsiness, 
agitation, and (in 11 of 17 cases), seizures.2*’ Another larger review of 553 
documented cases of exposure to MDMA reported symptoms of tachycardia, 
agitation, and seizures.*°? Rhabdomyolysis has also been reported.” 
Hyponatremia has been documented in patients taking as little as “one-half tablet” 
of the drug (tablets of ecstasy usually contain 50-150 mg of MDMA).”*’ Serum 
sodium concentrations tend to normalize within 24 hours after the initial 
presentation, although symptoms including drowsiness and disorientation may 
persist for several days.?7’ 


To diagnose SIADH the clinician must exclude other causes of hyponatremia. 
As described above, patients with SIADH present with a euvolemic, hypotonic 
hyponatremia. Serum concentrations of ADH are inappropriately high for the 
patient’s serum osmolality. As a result, the urine 1s inappropriately concentrated, 
with urine osmolality >100 mOsm/kg water and sodium >40 mEq/L with a normal 
sodium intake. To make a definitive diagnosis of SIADH, the patient must also have 
normal renal, adrenal, and thyroid function, as abnormalities in these systems can 


also cause a euvolemic hyponatremia. !*7° 


Most cases of SIADH are not drug-related, and clinicians must be alert to other 


potential causes so that a drug is not incorrectly identified as the culprit.*° 
Conditions to consider in the differential diagnosis of drug-induced SIADH are 
listed in Table 43-3. 


Table 43-3 Conditions to Consider in the Differential Diagnosis 
of Drug-Induced Syndrome of Inappropriate Antidiuretic 


RA 
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¢ Alcohol withdrawal 
¢ Acquired immunodeficiency syndrome 
¢ Endocrine disorders 
o Glucocorticoid deficiency 
o Hypothyroidism 
* Hereditary SIADH 
* Idiopathic SIADH 
¢ Malignant tumors 
o Bladder, ureter 
o Duodenum 
o Ovary 
o Pancreas 
o Small-cell lung 
* Neuropsychiatric disorders 
o Head trauma 
o Infections 
o Neoplasms 
o Psychosis 
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o Stroke, vascular 

* Pain 

* Postoperative state 

* Pulmonary disorders 
o Functional (asthma, acute respiratory failure, mechanical ventilation) 
o Infection 

* Severe nausea 


When evaluating a patient with hyponatremia, the clinician must also exclude 
many common causes of non-SIADH hyponatremia, including the patient’s use of 
thiazide diuretics; volume depletion caused by vomiting, diarrhea, or laxative 
abuse; and volume expansion that may occur in patients with cirrhosis, heart 
failure, and the nephritic syndrome. Although psychogenic polydipsia can also 
cause euvolemic hyponatremia and patients may present very much like those with 
SIADH, urinalysis in these patients reveals an appropriately dilute urine. 


RISK FACTORS 


Risk factors for drug-induced SIADH are presented in Table 43-4. Risk factors 
identified for hyponatremia due to the SSRIs include older age, concurrent diuretic 
use, high serum potassium concentration, female sex, lower baseline serum sodium 
concentration (<139 mEq/L), thiazide use, salt-restricted diet, and lower body- 
mass index. !°°6!!4252267-270 At least one study failed to detect a relationship 
between plasma paroxetine concentrations and serum sodium concentrations.~° 
Advanced age is a very important risk factor. One review of published case reports 
and individual reports to the U.S. Food and Drug Administration (FDA) identified 
70 cases of hyponatremia associated with the SSRIs.7°° Eighty-four percent of these 
patients were elderly (>65 years), with a mean age of 70 years. Elevated serum 
potassium concentration was identified as a risk factor for SIADH in one study.** 
The majority of cases of SIADH associated with SSRIs occur in women, but it is 
unclear whether this is due simply to an increased exposure to the drug class as 
compared with men. The risk for SIADH appears to be highest in the first few 
weeks of therapy.*’!*’* SSRIs appear to be associated with a higher risk of 
hyponatremia as compared with the older antidepressant agents. The risk of SIADH 
associated with the SSRIs has been reported to be 3.3—3.5 times greater than that 
with other antidepressants, although one of the trials included venlafaxine with the 
SSRIs in the analysis.*>27> It has been suggested that SSRI-associated SIADH may 
be attributed to high serum drug concentrations.2> However, there does not appear 
to be a relationship between the rate of drug metabolism or serum drug 
concentration and the severity of hyponatremia.”” 
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Table 43-4 Risk Factors for Drug-Induced Syndrome of 


Inappropriate Antidiuretic Hormone Secretion 





For patients taking selective serotonin-reuptake inhibitors 


¢ Advanced age (265 yr) 
* Baseline serum sodium concentration <139 mEq/L 
* Concomitant diuretic administration 
* Concomitant use of thiazide diuretics 
¢ Elevated serum potassium concentration 
* Female sex 
* Lower body-mass index 
Salt-restricted diet 


For patients taking carbamazepine or oxcarbazepine 


¢ Advanced age 

* Concomitant use of levetiracetam (oxcarbazepine) 
¢ Elevated serum concentrations (carbamazepine) 

* Higher doses (carbamazepine) 


For patients taking vincristine, vinblastine 


¢ Asian race 


Hyponatremia due to carbamazepine may be related to higher doses and 
elevated serum concentrations, as doses >30 mg/kg/day have been associated with 
a higher incidence of hyponatremia.'!©*7°? Hyponatremia occurred in a patient 
previously stable on carbamazepine when clarithromycin was prescribed.!° 
Presumably, the clarithromycin increased serum carbamazepine concentrations, 
causing hyponatremia, further supporting a concentration-related — effect. 
Concomitant use of levetiracetam may increase the risk for hyponatremia with 
oxcarbazepine, while sex likely is not a risk factor.!’° It has been reported that 
hyponatremia due to oxcarbazepine occurs more commonly in patients older than 
65 years of age (7.3%) as compared with children younger than 17 years of age 
(0.4%).7°? However, one noncontrolled trial indicated that 26.6% of children and 
adolescents experience hyponatremia (with serum sodium concentrations <135 
mEq/L) in association with oxcarbazepine. Hyponatremia with serum sodium 
concentrations <125 mEq/L occurred in 2.6% of the patients. !° 

A review of the manufacturer’s database of adverse drug reactions suggests that 
Asians may be at higher risk for SIADH induced by vincristine; of the 39 cases that 
included information on race, 35 patients were Asian. A similar relationship 
between Asian race and SIADH was found with vinblastine.!°” 

Many of the initial case reports of hyponatremia associated with MDMA 


occurred in women, leading some to suggest that women may be at higher risk.?7° 
Although one series of case reports found an equal distribution between men and 
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women, a more recent, larger study suggested that women are more likely to 
experience hyponatremia after MDMA ingestion.?777 


MORBIDITY AND MORTALITY 


Many patients with drug-induced SIADH probably have mild hyponatremia that is 
asymptomatic and goes undetected. The published reports include more severe 
cases, in which patients experience symptoms including encephalopathy and 
seizures.*”-!67.82 Most patients with drug-induced SIADH recover fully, but at least 
six deaths due to MDMA-induced hyponatremia have been reported.27’77?7/4 In 
545 cases of MDMA intoxication reported to a poison control center in California, 
13 patients died.*©’ Deaths due to SIADH associated with cyclophosphamide and 
carbamazepine have also been reported. !*°7”° 


PREVENTION 


Although there are no universally accepted recommendations for prevention of 
drug-induced SIADH, some strategies that may help are listed in Table 43-5. It is 
always wise to use the lowest possible therapeutic dose of drugs with the potential 
to induce SIADH. Specific guidelines for monitoring serum sodium concentrations 
are not available. It has been suggested, however, that patients with risk factors for 
SSRI-induced hyponatremia (Table 43-4) should have serum sodium concentrations 
measured | and 2 weeks after the initiation of treatment.°° 


Table 43-5 Approaches to Help Prevent Drug-Induced 





Syndrome of Inappropriate Antidiuretic Hormone Secretion 


* Use lowest possible dose of drugs with potential to nduce SIADH 
¢ Patients at risk should have serum sodium determinations 1 and 2 weeks after initiation of treatment 


MANAGEMENT 


Treatment strategies for drug-induced SIADH are presented in Table 43-6. If drug- 
induced SIADH 1s suspected, the offending agent should be discontinued whenever 
possible. Most patients with drug-induced SIADH have chronic, asymptomatic 
hyponatremia, and in this situation, water restriction (500—1,000 mL/day) should be 
initiated. This may allow the serum sodium concentration to normalize. Furosemide 
(20-40 mg orally or intravenously every 12—24 hours) can be used to increase free 
water excretion; simultaneous replacement of salt and volume should be performed 
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as needed using 0.9% sodium chloride solution. Although central nervous system 
symptoms are fairly rare in drug-induced SIADH, when present, treatment should 
be initiated with hypertonic saline to raise the serum sodium concentration. The 
goal of therapy is to reverse neurologic symptoms and raise the serum sodium 
concentration by 1—2 mEq/L/hr. The use of hypertonic saline requires close 
monitoring and infusion should be discontinued when the serum sodium 
concentration increases by 10-12 mEq/L or to 130 mEq/L.7%’° If hyponatremia 
correction is too rapid, osmotic demyelination may occur.2° 


Table 43-6 Treatment Options for Drug-Induced Syndrome of 


Inappropriate Antidiuretic Hormone Secretion 





* Demeclocycline (150-300 mg 3 times daily) 

¢ Discontinue offending agent 

* Hypertonic saline (symptomatic hyponatremia only) 

* Isotonic saline 

* Loop diuretic (furosemide 20—40 mg orally or intravenously every 12—24 hours) 
¢ Vasopressin antagonists (conivaptan or tolvaptan) 

¢ Water restriction (500—1,000 mL/day) 


Vasopressin-receptor antagonists offer a relatively new approach in the 
management of hyponatremia, including that which occurs as a result of SIADH. 
Antagonism of the arginine vasopressin receptor V, results in increased renal 


elimination of free water, with a resultant increase in the serum sodium 
concentration. Conivaptan is an FDA-approved intravenous vasopressin-receptor 
antagonist for the treatment of euvolemic hyponatremia in hospitalized patients, 
including those with SIADH, hypothyroidism, adrenal disorders, and pulmonary 
disorders.*’’ Tolvaptan is an orally administered vasopressin-receptor antagonist 
that received FDA approval for use in the treatment of euvolemic or hypervolemic 
(i.e., heart failure) hyponatremia. Although these medications are effective in 
SIADH, they have not been studied specifically for the treatment of drug-induced 
SIADH, and the role of these agents 1s likely limited. Most patients respond well to 
discontinuation of the offending agent; in addition, the high cost of the vasopressin 
antagonists will likely deter their use. 


Expert panels have published recommendations for the treatment of 


hyponatremia.*’**”? A panel supported by Otsuka, the manufacturer of tolvaptan, 
supports the use of vasopressin antagonists in patients with SIADH in situations 
where fluid restriction has failed. A second expert panel (the European Practice 


Guideline)*®° does not recommend the use of the vasopressin antagonists in 
euvolemic patients with SIADH and noted the paucity of survival benefit with the 


vasopressin antagonists.7°! 
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In cases of SSRI-induced SIADH, it is probably not appropriate to substitute a 
different drug within the same class, as_ cross-sensitivity has been 


documented.*47?-4! It is unknown whether dose reduction is beneficial. Venlafaxine 
should not be used in these patients, as this drug has been reported to cause 
hyponatremia in a patient with previously diagnosed SSRI-induced SIADH.!*°2 
Recurrence of hyponatremia has also been reported with switches from citalopram 
to mirtazapine and from citalopram to duloxetine although a switch from citalopram 
to mirtazapine proved to be safe.”!*!° Bupropion-induced SIADH has been 
reported in a patient who previously experienced imipramine-induced SIADH.™ 
However, bupropion was used safely in another patient with a history of SSRI- 
induced SIADH.”? Hyponatremia did not recur when doxepin was administered to a 
patient with imipramine-induced SIADH.” 

Although haloperidol has been reported to cause SIADH, it was administered 
safely to a patient who had previously experienced risperidone-induced 
SIADH.!??:!74.139 Clozapine has been reported to cause hyponatremia, although 
SIADH was not definitively diagnosed.!?! Of note, clozapine has been used 
effectively to manage hyponatremia associated with psychogenic polydipsia, 
presumably by managing the underlying psychological disorder.78?7*? 

A 12-year-old girl who developed symptomatic hyponatremia after exposure to 
oxcarbazepine did not experience recurrence of hyponatremia when carbamazepine 


was substituted.78* Nevertheless, careful monitoring of serum sodium 
concentrations is warranted if carbamazepine 1s to be used in a patient who has had 
oxcarbazepine-induced SIADH. 


Demeclocycline (oral: 600—1,200 mg/day) has been used for chronic SIADH, 
and both doxycycline (100 mg orally twice daily) and demeclocycline (300 mg 
orally twice daily for 3—5 days then 600 mg twice daily) have been used to treat 
hyponatremia associated with carbamazepine.~!®*?8> Demeclocycline has been 
found to be effective for the prevention of vinorelbine-induced SIADH.°’ Despite 
these successes, there is a paucity of clinical and economic evidence to support the 
use of demeclocycline for hyponatremia secondary to SLADH.?°° 


INFORMATION FOR PATIENTS 


Although SIADH is relatively rare, medications including psychotropics, 
antihypertensives, chemotherapy agents, and anticonvulsants can cause SIADH. 
Patients at risk for the development of SIADH, particularly the elderly, should be 
advised to avoid excessive intake of fluids when starting therapy with a drug 
known to cause this drug-induced disease. Individuals who use MDMA (ecstasy) 
tend to have more acute episodes of hyponatremia because they sometimes “water- 
load” to prevent hyperthermia associated with this drug. Unfortunately, water 


1837 


loading leads to more serious episodes of hyponatremia. Consequently, individuals 
who use MDMA should avoid ingesting excessive amounts of fluid. 


DRUG-INDUCED DIABETES INSIPIDUS 


CAUSATIVE AGENTS 


Nephrogenic diabetes insipidus is manifested by diminished ability to concentrate 
the urine resulting from resistance to AVP. Except in the case of olanzapine, drug- 
induced diabetes insipidus (DI) is always nephrogenic.* Although lithium is the 
most important cause of drug-induced DI, other agents implicated are included in 
Table 43-7. In three patients in whom amphotericin B—induced DI developed, the 
disease did not recur when liposomal amphotericin therapy was substituted.?°8?” 
However, the first report of a DI related to liposomal amphotericin involved a 
patient who was not previously receiving conventional amphotericin therapy.?”! In 
the cases of mesalamine-induced and rifampin-induced DI, an acute interstitial 
nephritis was also present.°*° Although 10 reports of clozapine-induced 
nephrogenic DI were identified from the World Health Organization’s database of 
adverse drug reactions, none have been reported in the literature.?4>>° 





Table 43-7 Agents Implicated in Drug-Induced Diabetes 
Insipidus 





Level of 
Drug Incidence Evidence* 
Amiodarone287 C 
Amphotericin B288-290 NK C 
Amphotericin (liposomal)291,292 NK C 
Cidofovir293 NK C 
Clozapine294 NK C 
Colchicine295 NK C 
Cyclophosphamide296 NK C 
Demeclocyline297 NK C 
Didanosine298 NK C 
Efavirenz/emtricitabine/tenofovir299 NK C 
Emtricitabine/rilpivirine/tenofovir300 NK C 
1838 








Emtricitabine/tenofovir301 C 
Foscanet302-304 C 
Fosphenytoin305,306 B 
Ifosfamide307 C 
Lithium294,308-324 B 
Mesalamine325 NK C 
Ofloxacin326 NK C 
Octreotide327 NK C 
Olanzapine328,b NK C 
Phenytoin329 NK 6: 
Rifampin330 NK C 
Riluzole33 1 B 
Streptomycin332 NK C 
Temozolomide333 NK C 
Tenofovir334,335 NK C 
Triamterene/hydrochlorothiazide336 C 


Voriconazole337 <2% 


Z 
A 
ow 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bPresents as central diabetes insipidus. 


EPIDEMIOLOGY 


By far, the most common culprit in drug-induced DI 1s lithium. The incidence of DI 


in patients receiving lithium has been estimated at 15-87%.7"4 A retrospective 
study of 142 patients receiving long-term lithium therapy found an incidence of DI 


of 12%.°!° Limited case reports of DI caused by drugs other than lithium don’t 
permit estimates of incidence. 


MECHANISMS 


Drug-induced nephrogenic DI is caused by inhibition of the opening of aquaporins 
(water-transport channels) in nephrons, with resultant polyuria. The exact 
mechanism is complex and not completely understood. In rat models, lithium 
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administration has been associated with a reduced expression of the aquaporin-2 
receptor. The specific action of lithtum on the aquaporins may be related to 
antagonism of adenylate cyclase and cyclic adenosine monophosphate.*** Central 
DI is caused by impaired production of AVP and may be acquired (head trauma) or 
congenital (hereditary). 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Both central and nephrogenic DI are characterized by the production of 
inappropriately large amounts of dilute urine (urinary osmolality <250 mOsm/kg 
water). Polyuria results in increased thirst (polydipsia). If there 1s not appropriate 
access to or administration of free water, hypernatremia and dehydration occur 
within hours. Symptoms of hypernatremia are related to cellular dehydration 
because of the movement of water out of cells and, like those of hyponatremia, are 
primarily neurologic and include altered mental status, weakness, lethargy, and 
occasionally coma or seizures (Table 43-8). Severe acute hypernatremia can result 
in death.'? Although generally reversible, some permanent urine-concentrating 
defects can occur after prolonged exposure to lithium.**? DI can occur at any time 
after lithium initiation but generally occurs after long-term exposure (>15 years). 





Table 43-8 Signs and Symptoms Associated with Drug-Induced 





Diabetes Insipidus (Hypernatremia)!-3 


¢ Altered mental status 

* Coma 

° Fever 

* Focal neurologic deficits 
* Nausea 

¢ Neuromuscular irritability 
¢ Seizures 

¢ Thirst 

* Vomiting 

¢ Weakness 


As with SIADH, DI is diagnosed by excluding other causes of disordered 
sodium homeostasis. If adequate fluid intake is not maintained, patients with central 
or nephrogenic DI present with a euvolemic, hypertonic hypernatremia. The urine is 
inappropriately dilute (urine osmolality <250 mOsm/kg water) given the 
hypertonicity of the plasma. The diagnosis of DI can be made by measuring the 
urine-concentrating ability of the kidney during a water-deprivation test.7”* After 3— 
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6 hours of water deprivation, patients with DI continue to produce large amounts of 
dilute urine (urine osmolality <400 mOsm/kg water). During this test, central and 
nephrogenic DI can generally be differentiated by patients’ response to 
desmopressin (1-deamino-8-D-arginine vasopressin). In patients with nephrogenic 
DI, desmopressin administration (5 units of aqueous vasopressin subcutaneously or 
10 mcg of intranasal desmopressin) does not result in the production of a 
concentrated urine, in contrast to patients with central DI. Hypernatremia due to DI 
must be distinguished from other causes, such as insensible water loss and 
gastrointestinal and renal losses. Patients with insensible water loss or 
gastrointestinal or renal losses generally are hypovolemic. In addition, these 
patients usually have maximally concentrated urine, owing to an appropriate action 
of ADH in the nephron. Conditions to consider in the differential diagnosis of drug- 
induced DI are listed in Table 43-9. 


Table 43-9 Conditions to Consider in the Differential Diagnosis 





of Diabetes Insipidus 


Central diabetes insipidus 


¢ Head trauma 

* Hypoxic or ischemic encephalopathy 

¢ Idiopathic diabetes insipidus 

* Neoplasm 

¢ Neurosurgery 

* Miscellaneous (histiocytosis X, sarcoidosis, anorexia nervosa, cerebral aneurysm, encephalitis, meningitis) 


Nephrogenic diabetes insipidus 


¢ Amyloidosis 

* Congenital diabetes insipidus 

* Hypercalcemia 

* Hypokalemia 

* Osmotic diuresis (glucose, mannitol) 
* Pregnancy 

* Renal failure 

¢ Sickle-cell anemia 

¢ Sjégren syndrome 





RISK FACTORS 


Proposed risk factors for lithtum-induced nephrogenic DI are presented in Table 
43-10 and include chronic kidney disease (estimated creatinine clearance <60 
mL/min), multiple daily doses (versus a once-daily regimen), long treatment 
durations (>15 years), and higher trough serum lithium concentrations.7"4>">” It 
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should be noted, however, that many of the studies used to define these risk factors 
were relatively small and some produced contradictory information. 


Table 43-10 Risk Factors for Lithium-Induced Diabetes 





Insipidus 


* Chronic kidney disease (estimated creatinine clearance <60 mL/min) 
* Higher trough serum lithium concentrations 

¢ Long treatment durations (>15 yr) 

* Multiple daily doses (vs. a once-daily regimen) 


MORBIDITY AND MORTALITY 


Impaired urinary concentrating ability can occur in up to 20% of patients receiving 
chronic lithium therapy. Drug-induced SI is often reversible. Although the impact of 
drug-induced DI on health and quality of life can be significant, there have been 


only three case reports of death due to lithium-induced nephrogenic DI.77?7"4 


PREVENTION 


Some general strategies to reduce the likelihood of lithtum-induced DI are listed in 
Table 43-11. Use of the lowest possible dose is critical to reducing the risk of 
lithium-induced DI. Trough serum lithium concentrations should be 0.6—1.0 mEq/L, 
and serum concentrations >1 mEq/L should definitely be avoided.” 
Administration of lithium as a once-daily regimen, administration of lower total 
daily doses, or both can reduce the risk of lithium-induced DI.**! 





Table 43-11 Approaches to Help Prevent Lithium-Induced 





Diabetes Insipidus 


¢ Administer once daily 
¢ Trough serum concentrations should be 0.4—-0.6 mEq/L Avoid serum concentrations >1 mEq/L 
* Use lowest possible dose 


MANAGEMENT 


Strategies for the treatment of drug-induced nephrogenic DI are outlined in Table 
43-12. The offending agent should be discontinued if possible. The polyuria 
associated with lithium usually resolves within a few weeks after discontinuation, 
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although nonreversible DI is a possibility.7"*>" If patients have access to water and 
are neurologically competent, hypernatremia will not occur, as patients will drink 
to quench thirst. Mild cases of nephrogenic DI can be managed with sufficient 
adequate water intake. Low-sodium diet may reduce water excretion. In some 
cases, a reduction of the lithium dose may control the polyuria; however, 
discontinuation of lithtum and initiation of an alternative therapy may be 
necessary.** The potassium-sparing diuretic amiloride, at doses of 10-20 mg 
daily, has been shown to reduce urinary output in patients with lithium-induced 
DI.°°83!7 Amiloride may be preferable to hydrochlorothiazide because of its 
potassium-sparing effect and reduced propensity to cause volume depletion (which 
can induce or exacerbate lithium toxicity).2”* In one case of foscarnet-induced DI, 
treatment with amiloride was not successful in reducing polyuria.* Lithium- 
induced DI has been managed with indomethacin (50 mg every 8 hours).?!!3133!5316 
It should be noted, however, that indomethacin can impair kidney function.*!° 


Table 43-12 Treatment Options for Drug-Induced Diabetes 


Insipidus 


¢ Amiloride (10—20 mg daily) 

¢ Discontinue offending agent 

¢ Hydrochlorothiazide (25 mg once or twice daily) 
* Indomethacin (50 mg every 8 hours) 

¢ Water admmistration (allow free access) 





INFORMATION FOR PATIENTS 


Patients receiving therapy with lithium and their caregivers should be informed 
regarding the need to monitor for increased urinary output and excessive thirst. 
Patients should be instructed to report excessive urination and urine volumes to 
their healthcare provider. 


Note: The authors wish to acknowledge the work of Dr. Nayahmka McGriff-Lee, who authored this chapter in 
a previous edition. 
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CHAPTER 44 


Acid—Base Disorders 


Lori D. Wazny, J. Christine Davis, and Robert E. Ariano 


Acid—base balance can be defined as homeostasis of body fluids at a normal 
arterial blood pH between 7.35 and 7.45. Clinicians must be able to anticipate and 
help avoid or minimize the clinical consequences of drug-induced acid—base 
disorders, and, when that is not possible, they must be able to design appropriate 
treatment regimens to correct the abnormality.! A skilled clinician can play a 
significant role in the prevention, identification, and management of potentially life- 
threatening drug-induced disturbances in acid—base balance. 


ACIDOSIS 


CAUSATIVE AGENTS 


Drugs that have been reported to cause metabolic or respiratory acidosis are listed 
in Table 44-1. Drug-induced metabolic acidosis is caused by acid accumulation 
from increased acid production or acid ingestion; decreased acid excretion; or 
gastrointestinal (GI) or renal bicarbonate loss. Drug-induced respiratory acidosis 
is caused by either depression of the central respiratory center leading to decreased 
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ventilation and accumulation of carbon dioxide (CO,) or increased CO, production 
as might occur, for example, with overfeeding during nutritional support. 


EPIDEMIOLOGY 


Overall, the incidence of drug-induced acidosis is largely unknown, with the 
majority of evidence limited to case reports, case series, or open-label studies. 
Unintentional overdosage of central respiratory depressants may occur in the 
hospital setting, but published reports on the frequency of this complication or the 
number of patients in whom a clinically significant respiratory acidosis develops 
as a result are not available. 


MECHANISMS 


Mechanisms of drug-induced acidosis, where known, are noted in Table 44-1 and 
described in Table 44-2. Metabolic acidosis is caused by acid accumulation from 
increased acid production or acid ingestion, decreased acid excretion, or GI or 
renal bicarbonate loss. Acidemia (arterial pH <7.35) results when respiratory 
compensation (i.e., removal of CO, via the lungs) is overwhelmed. Determination 
of the anion gap (AG) is useful in distinguishing the type of metabolic acidosis. It is 
calculated by subtracting the sum of the serum chloride (Cl) and bicarbonate 
(HCO; ) concentrations from the serum sodium (Na‘) concentration: 


AG = ([Na‘]) ~ ({CI"] + [HCOs ]) 


Table 44-1 Agents Implicated in Drug-Induced Acidosis 





ELEVATED ANION-GAP METABOLIC ACIDOSIS 
Lactic Acidosis 

Amygdalin39,40 

Antibacterial-induced D-lactic acidosis 
(tetracycline, metronidazole) in patients post 
intestinal bypass surgery or small bowel 
resection4 1,42 

B ) agonists (albuterol, salbutamol, theophylline)43- 
47 





3—10 per 100,000 patient years for |B 
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Biguanides: metformin,b phenformin,b buformin42 | metformin, higher incidences for 
phenformin and buformin48-50 





Catecholammines (epinephrine, norepinephrine)51,52 C 
Isoniazid overdose >30 mg/kg53,54 NK C 
Linezolid55,56 NK C 
Nalidixic acid overdose57 NK C 
Niacin42 NK C 
Nitroprusside58 NK C 
Nucleoside reverse transcriptase inhibitors B 























(didanosine, lamivudine, stavudine, zidovudine )42 


Propylene glycol containing IV medications (Table 
44-7) 


Propofol60,61 


Rhabdomyolysis induced by statins, fibric acids, or 
neuroleptic malignant syndrome42 


Sorbitol and xylitol62,63 
Topical emollients containing lactic acid64 


Ketoacidosis 


Atypical antipsychotics (aripiprazole, clozapine, 
olanzapine, risperidone, quetiapine )65,66 






Salicylate overdose (mixed disorder: metabolic 
acidosis + respiratory alkalosis )67,68 









Sodium-glucose cotransporter 2 (SGLT2) inhibitors 
(canagliflozin, dapagliflozin, empagliflozin)69 









Addition of Unmeasured Anions 


Acetaminophen70,71 


Sodium thiosulfate72 







Ibuprofen overdose73 
Iron overdose 1 


Papaverine74 





Rapid 0.9% NaCl admmnistration80 (dilutional NK C 


acidosis) 





PROXIMAL (TYPE ID RENAL TUBULAR ACIDOSIS 
Aminoglycosides42 


Carbonic anhydrase inhibitors (e.g., acetazolamide, |Up to 55% with acetazolamide42; 


brinzolamide eye drop, topiramate, zonisamide)42 up to 48% with topiramate42 








Cidofovir8 | 

Ifosfamide42,82 

Leflunomide42 

Mercaptopurine42 

Nucleoside reverse transcriptase inhibitors 48% with tenofovir; 

(abacavir, adefovir [high doses], didanosine, 27-50% with adefovir 

tenofovir)42 

Oxaliplatin83 NK C 
Ranitidine42 NK C 
Sulfamethoxazole84 NK C 
Streptozocin85 NK C 
Tetracycline, expired86,87 NK C 
Valproic acid42 NK C 


TYPE I DISTAL RENAL TUBULAR ACIDOSIS 
Amphotericin B84 


Cisplatin88 
Foscarnet42 


Lithium89 





TYPE IV DISTAL RENAL TUBULAR ACIDOSIS 


Impaired renin release (NSAIDs, cyclosporine, NK B 
tacrolimus )42 

RAAS blockade (ACEI, ARBs, direct renin NK C 
inhibitors, e.g., aliskiren)42 

Impaired aldosterone metabolism (heparin)42 NK C 
Aldosterone antagonists (spironolactone, NK C 
eplerenone)42 

K+ sparing diuretics (amiloride, triamterene)42 NK C 
Trimethoprim84 NK C 





RESPIRATORY ACIDOSISS,90 


— 
oo 
~~ 
a) 


Central Respiratory Depression 
Anesthetics 

Barbiturates 

Benzodiazepines 


Narcotics 





Increased CO Production 


Parenteral or enteral nutrition (if excessive calories) B 


IV = intravenous, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bAvailable in countries outside of the United States. 


Table 44-2 Mechanisms of Drug-Induced Acidosis42 


Mechanism 






ELEVATED ANION GAP 


Addition of unmeasured =| Acetaminophen: accumulation of pyroglutamic acid (5-oxoproline) 
anions 


Sodium thiosulfate: thiosulfuric acid produced when dissolved in aqueous solution 


Ketoacidosis Increased metabolism of fatty acids leading to increased ketone (acetoacetate, B- 
hydroxybutyrate) synthesis in the liver 


Lactic acidosis Increased lactate production due to either altered pyruvate conversion to lactate, 
increased pyruvate production, or impaired pyruvate utilization or removal 


Serum lactate concentrations >5 mEq/L 


NORMAL ANION GAP 


Distal type I renal tubular 


dos} Selective deficiency of H" secretion in the distal tubule; commonly associated with 
acidosis 


hypokalemia due to renal potassium wasting 


Distal type IV renal 


hae Aldosterone deficiency or antagonism impairs distal renal Na’ reabsorption and Kt 
tubular acidosis 


and H™ excretion leading to acidosis; the resulting hyperkalemia may worsen the 
acidosis as K* moves into cells and H* moves out 
Gastrointestinal Cholestyramine binds intestinal bicarbonate in exchange for chloride 


bicarbonate loss 
Laxative-induced diarrhea causes significant bicarbonate loss through the stool 


Proximal (type II) renal _‘| Selective defect in the proximal tubule to adequately reabsorb filtered bicarbonate 
tubular acidosis 
The bicarbonate defect may occur alone or as part of Fanconi syndrome whereby 
proximal tubule reabsorption of phosphate, glucose, amino acids, and uric acid is 
also impaired 
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Rapid 0.9% NaCl Nonalkali-containing IV fluids result in dilution of bicarbonate in the ECF; the 
administration (dilutional} condition corrects itself as the kidneys generate bicarbonate and reduce the ECF 


acidosis)°9 


Sevelamer hydrochloride | Exchanges hydrochloride for bicarbonate 


salt 





RESPIRATORY ACIDOSIS 


Acute respiratory acidosis | Exposure to central nervous system depressing drugs or t production of CO2 from 
due to | respiratory 
drive 


overfeeding during nutritional support 





CO» = carbon dioxide, ECF = extracellular fluid, H = hydrogen, IV = intravenous, K = potassium, Na = sodium, 
NaCl = sodium chloride. 


The normal range for the AG may differ among laboratories, and clinicians 
should consider their particular laboratory’s reference range when assessing this 
value. In general, an elevated AG is >12 mEq/L. 


Metabolic acidosis with an elevated AG can be caused by endogenous (lactate, 
ketones, myoglobin, uremia) or exogenous (methanol, ethylene glycol, propylene 
glycol, salicylates) substances. The majority of elevated AG metabolic acidoses 
due to prescription drugs are a result of lactic acidosis, although some drugs (e.g., 
acetaminophen, sodium thiosulfate) cause acidosis by adding unmeasured anions. 


Metabolic acidosis with a normal AG is caused either by gastrointestinal loss 
of bicarbonate or by renal loss of bicarbonate (e.g., renal tubular acidosis [RTA]). 
RTA is a defect of urinary acidification occurring in either the proximal or the 
distal renal tubule. Proximal (Type II) RTA involves a failure in proximal tubule 
reabsorption of filtered bicarbonate; distal RTA is characterized by impaired acid 
excretion. Distal RTA is subdivided into that associated with hypokalemia (Type I) 
and that associated with hyperkalemia (Type IV). Drugs may be implicated as 
causative agents in any of these RTA types, but the mechanism by which drugs cause 
RTA in most cases is either not known or incompletely understood. Readers are 
referred to the references listed in Table 44-1 for more specific details regarding 
the proposed mechanisms behind a specific drug-induced RTA. 


Respiratory acidosis is the result of an accumulation of CO, in the blood. 


Accumulation may occur for several reasons: (1) decreased excretion by a 
depressed respiratory drive, abnormal neuromuscular transmission, or muscle 
dysfunction all resulting in alveolar hypoventilation; (2) decreased removal of CO, 


as is seen with obstructive pulmonary disorders or ventilation—perfusion 
mismatches; and/or, (3) an increased production of CO,. Irrespective of the 


etiology, the accumulation of CO, within plasma water promptly forms carbonic 
acid and subsequent acidemia. 


Respiratory acidosis may be classified as either acute or chronic. The absence 
of normal physiologic compensation defines an acute process. The normal 
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compensatory response to respiratory acidosis requires the metabolic system (1.e., 
the kidney) to retain bicarbonate to partially correct the acidemia. Renal 
compensation for respiratory acidosis is slow, however, (taking hours to days) so 
the hallmarks of this acid—base disorder include an acidemia (pH <7.35) with an 
elevated carbon dioxide (paCO,) above the reference range of 45 mm Hg and a 
serum bicarbonate level within the normal range (22—28 mEq/L). In contrast, 
patients with chronic respiratory acidosis will present with an acidemia >24 hours 
in duration, an elevated paCO,, and a significantly elevated serum bicarbonate 


level (>30 mEq/L).? Elevated paCO, mediates bicarbonate retention through the 
renal production of ammonia. Generated ammonia binds and titrates down serum 
chloride to form ammonium chloride, which is then excreted renally causing 
hypochloremia. There is renal retention of bicarbonate and sodium as a 
consequence of urinary ammonium chloride losses. Thus the acidemia from 
respiratory acidosis is partially corrected by the slow retention of bicarbonate.° 


Acute respiratory acidosis may be the result of reduced respiratory drive from 
central nervous system-depressing drugs like narcotics and sedatives or from 
overfeeding during nutritional support. It may also arise from neuromuscular 
weakness disorders (myasthenia gravis, acute Guillain-Barré syndrome, or high 
cervical cord lesions) and from acute cardiopulmonary disorders such as 
exacerbations of chronic obstructive pulmonary disease (COPD), pulmonary 
edema, and acute respiratory distress syndrome.* Generally, drug-induced 
respiratory acidosis 1s an acute process. 


Patients with acute respiratory acidosis typically present with ventilatory 
failure leading to hypercapnea and hypoxemia. A useful method to determine 
whether or not acute hypoxemia is due to reduced respiratory drive is to measure 
the alveolar—arterial oxygen gradient [P(A-a)O,]. The P(A-a)O, gradient is helpful 


in assessing the efficiency of alveolar-capillary gas exchange. An elevated P(A-a) 
O, gradient suggests parenchymal lung disease with either a ventilation—perfusion 


imbalance or intrapulmonary shunting. Drug-induced acute respiratory acidosis 
commonly presents with a normal P(A-a) O, gradient. 
An increased production of CO, may be the result of hypercatabolic states such 


as sepsis or malignant hyperthermia or the result of overfeeding during nutritional 
support. Carbohydrate overfeeding has often been identified as a cause of 


hypercapnia and respiratory acidosis.° Evidence has shown, however, that it is not 
actually high carbohydrate administration that increases CO, production, rather it is 


the total calories delivered. CO, increases when the caloric intake exceeds the rate 
of carbohydrate metabolism, and CO, production remains constant when the 


proportion of total calories delivered as carbohydrates is reduced.° Excessive CO, 
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production from overfeeding is associated with prolonged weaning from 
mechanical ventilation, especially when the ventilatory rate is fixed.’ 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


General features of metabolic acidosis include an increase in ventilation, a 
decrease in central and pulmonary vascular compliance predisposing to pulmonary 
edema with even minimal volume overload, and depression of central nervous 
function. Acidosis is usually first suspected as a result of the discovery of 
abnormalities in arterial blood gases or electrolytes, which then leads to evaluation 
of the AG.® Screening to identify drug-induced metabolic acidosis should include a 
thorough medication history to uncover evidence of exposure to potential causative 
agents and, in patients who present with an elevated AG, determination of the 
serum lactate concentration. 


Signs and symptoms associated with drug-induced metabolic acidosis are listed 
in Table 44-3. Mild acidemia is generally asymptomatic; however, as acidemia 
becomes more severe, patients may experience nausea, vomiting, loss of appetite, 
and abdominal pain. These symptoms may appear at higher pH if acidosis develops 
rapidly. The most characteristic sign is hyperpnea, which leads to Kussmaul 
breathing, a deep and labored breathing pattern reflecting a compensatory increase 
in alveolar ventilation. Severe, acute acidosis predisposes to reduced cardiac 
output, hypotension and shock, ventricular arrhythmias, and coma. Chronic acidosis 
can cause bone demineralization and osteoporosis. 


Table 44-3 Signs and Symptoms Associated with Drug-Induced 





MILD TO MODERATE METABOLIC ACIDOSIS (pH 7.1—7.35) 


* Hyperkalemia * Abdominal pain 
Serum lactate concentration >5 mEq/L (lactic ¢ Flushing 
acidosis) ¢ Hyperventilation/Kussmaul respirations 


* Loss of appetite 
¢ Nausea and Vomiting 


* Tachycardia 





SEVERE METABOLIC ACIDOSIS (pH <7.1) 


¢ Hyperglycemia 
* Hypotension 
* Multisystem organ failure 


ACUTE RESPIRATORY ACIDOSIS 
° Asterixis ¢ Disorientation 
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¢ Obtundation and coma 





* Coma * Drowsiness 
* Combativeness * Severe breathlessness 
* Congestive heart failure/cardiogenic shock (if * Confusion 
severe hypercapnia develops) * Headache 
* Increased intracranial pressure (pseudotumor * Anxiety 
cerebri) 
¢ Myoclonic jerks 
* Seizures 
* Stupor 
¢ Tremor 





Conditions to consider in the differential diagnosis of metabolic acidosis are 
listed in Table 44-4. The differential diagnosis of metabolic acidosis in patients 
with a normal AG includes GI bicarbonate loss and renal tubular acidification 
defects. Calculation of the urine anion gap (UAG) is helpful in distinguishing 
between bicarbonate loss occurring via the GI tract or via the kidneys: 


UAG = [Uriney,,+ Urine] — Urine 


When bicarbonate is lost via the GI tract, the UAG is negative. When the kidneys 
are unable to generate sufficient amounts of ammonium or when loss of bicarbonate 
through the kidney occurs, the UAG is zero or positive.* Calculation of fractional 
bicarbonate excretion (FE-HCO3) can help differentiate between distal and 
proximal RTA. FE-HCO; is calculated as: 


FE-HCO, = (uHCO;, x sCr) / (SHCO3; x uCr) 


where uHCO; is urine bicarbonate concentration, sHCO; is serum bicarbonate 


concentration, uCr is urine creatinine concentration, and sCr is serum creatinine 
concentration. 


An FE-HCO; <0.05 indicates distal RTA, whereas an FE-HCO; >0.15 is 


indicative of proximal RTA, assuming in both instances that serum bicarbonate is 
>20 mEq/L. 


Signs and symptoms of respiratory acidosis (Table 44-3) vary depending on the 
rate and degree of CO, increase and are typically the result of high CO, 


concentrations in the central nervous system and hypoxemia, if present. Acute 
respiratory acidosis may cause headache, confusion, anxiety, drowsiness, seizure, 
and stupor. Patients with respiratory acidosis that develops slowly over time 
typically display minimal symptoms but may experience memory loss, sleep 
disturbances, excessive daytime sleepiness, and personality changes. Conditions to 
consider in the differential diagnosis of drug-induced respiratory acidosis are 
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listed in Table 44-4. Patient evaluation should include a careful medication history, 
examination of the arterial blood gases, hematocrit measurement, chest x-ray, an 
assessment of the upper airways, and evaluation of respiratory and neuromuscular 
function. 


Table 44-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Acidosis”? 1-93.a 





Anion gap metabolic acidosis 


Diabetic or alcoholic ketoacidosis 
Ethylene glycol 

Lactic acidosis 

Methanol 

Uremia 


Non-anion-gap metabolic acidosis 


Diarrhea 

Pancreatic fistula 
Parenteral hyperalimentation 
Renal tubular acidosis (RTA) 
Ureteroenterostomy 


Respiratory acidosis—acute and chronic 
Depressed central respiratory drive 


¢ Brain-stem lesion, or tumor 

* Central sleep apnea (C) 

* Cerebral edema 

* Cerebrovascular accident 

* Encephalitis 

* Head trauma 

* Hypothyroidism (C) 

* Obesity hypoventilation syndrome 


Abnormal neuromuscular transmission 


¢ Amytrophic lateral sclerosis (C) 
* Guillain—Barré syndrome 
* Multiple sclerosis (C) 
* Muscle dysfunction 
¢ Muscular dystrophy (C) 
o Fatigue 
o Hyperkalemia 
o Hypokalemia 
* Myasthenia gravis 
* Polymyositis (C) 
* Status epilepticus 


Enhanced ventilatory demand 
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* Failure of CO> transport 


o Pulmonary embolism 
o Cardiac arrest 
¢ High caloric intake 
¢ Increased dead space ventilation 


Ventilation/perfusion mismatch 


* Acute lung injury/acute respiratory distress syndrome 
¢ Angioedema 

¢ Augmented airway flow resistance 

* Chronic obstructive pulmonary disease 

* Emphysema (C) 

* Pulmonary fibrosis (C) 

¢ Severe pneumonia 

¢ Status asthmaticus 

¢ Upper airway obstruction 


Pleuralchest wall/ung stiffness 


¢ Abdominal distension 

* Atelectasis 

¢ Chest wall trauma with flail chest 
* Kyphoscoliosis (C) 

* Obesity (C) 

¢ Pneumothorax 


a(C) defines chronic respiratory acidosis etiologies only. All others may present either acutely or chronically. 


RISK FACTORS 


Table 44-5 lists risk factors for drug-induced acidosis. Drug-induced respiratory 
depression is typically dose-related, and higher doses lead to increased risk of 
respiratory acidosis, but the data supporting dose-dependency primarily derive 


from the literature with respect to narcotics.” 


MORBIDITY AND MORTALITY 


The risk of morbidity and mortality associated with drug-induced metabolic or 
respiratory acidosis has not been quantified in most cases. However, mortality data 
are available for metabolic acidosis, specifically lactic acidosis, induced by 
nucleoside reverse-transcriptase inhibitors (NRTIs) (33-57% mortality), 


metformin (45-50% mortality), and propofol (65% mortality).!%!4 


PREVENTION 
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General strategies for the prevention of drug-induced acidosis are listed in Table 
44-6. Overall, strategies are aimed at identifying patients at risk and educating both 
patients and heathcare professionals to help promote early recognition. More 
specific preventative measures have been suggested for lactic acidosis due to 
propylene glycol and propofol. Patients receiving continuous intravenous infusions 
of products containing propylene glycol (Table 44-7) for more than 2—5 days 
should be carefully monitored. Serum osmolality should be measured twice weekly 
(propylene glycol contributes to osmolality), and alternative therapeutic agents 
should be considered when the serum osmolality is >320 mOsm/kg.!° Propofol 
infusion rates of >4-5 mg/kg/hr for longer than 48 hours should also be 
avoided.!?.!4 





Table 44-5 Risk Factors for Drug-Induced Acidosis42576,94 


Metabolic acidosis 
General risks 


* Cirrhosis 

* Diabetes 

¢ Extracellular fluid volume depletion 
* Heart failure 

* Renal dysfunction 


Drug risks 


¢ Acetaminophen: Renal or hepatic insufficiency, alcoholism, female sex, chronic ingestion 

¢ Aminoglycosides: High doses, prolonged admmistration 

¢ Amphotericin B: Cumulative doses of >2—3 g 

* Cholestyramine: Renal insufficiency, volume depletion, combination with spironolactone; co-administration of 
more than one drug implicated in drug-induced acidosis 


* Ifosfamide: Total dose >100 o/m?, administration with other nephrotoxic drugs 


¢ Metformin: Renal insufficiency (eGFR <30 mL/min/1.73 m2), hepatic insufficiency, history of lactic acidosis, 
hypoxia or serious illness, cardiovascular or pulmonary dysfunction, IV contrast agent exposure 

* Niacin: High doses, co-ingestion with alcohol 

* NRTt-induced lactic acidosis: Co-infection with hepatitis B or C, more than one antiretroviral drug, more 
than one drug known to cause lactic acidosis, female sex, renal insufficiency, low CD4 count, obesity, 
pregnancy 

* Propofol: Infusion rates >4 mg/kg/hr, duration of infusion >48 hr, concomitant use of catecholamines or 
corticosteroids, age <18 years, sepsis, head injury 

* Propylene glycol-containing drugs: Renal or hepatic insufficiency, alcoholism, age <4 years or elderly, 
pregnancy, less than one propylene glycol-containing drug 

¢ Statins: Thiamine deficiency, hepatic insufficiency 

* Topiramate: Dose-dependent, renal insufficiency 





Respiratory acidosis 


General risks 


* Patients with sepsis or on a ventilator with fixed settings receiving enteral or parenteral nutrition 
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* Patients with underlying chronic respiratory acidosis (e.g., brainstem infarct, obesity-hypoventilation 
syndrome, tumors, poliomyelitis, multiple sclerosis, diaphragmatic paralysis, COPD, kyphoscoliosis, interstitial 
pulmonary disease) 


Drug risks 


* High doses of respiratory depressants (dose-related effect) 
* Overdose of any agent with sedative properties 
* Total calories delivered through enteral or parenteral solutions 


CD4 = cluster of differentiation 4, COPD = chronic obstructive pulmonary disease, eGFR = estimated 
glomerular filtration rate, [V = intravenous, NRTI = nucleoside reverse-transcriptase inhibitor. 


Table 44-6 Approaches to Help Prevent Drug-Induced Acidosis 


and Alkalosis 


* Counsel about the early signs and symptoms of acidosis or alkalosis if the patient receiving a high-risk drug 
or has underlying risk factors 

* Identify and minimize use of high-risk drugs 

¢ Preventive monitoring using laboratory tests is not recommended 





Table 44-7 Intravenous Medications Containing Propylene 
Glycol*2,95-97 


* Chlordiazepoxide 
* Diazepam 

* Digoxin 

* Esmolol 

* Etomidate 

* Hydralazine 

* Lorazepam 

¢ Multivitamims 

* Nitroglycerin 

¢ Pentobarbital 

¢ Phenobarbital 

* Phenytoin 

¢ Trimethoprim—sulfamethoxazole 





MANAGEMENT 


Treatment of drug-induced metabolic acidosis involves prompt identification and 
discontinuation of the offending agent. Other important aspects of treatment include 
ensuring adequate oxygen supply to tissues through proper ventilation and reducing 
oxygen demand by using sedation when indicated.!° Intravenous bicarbonate 
therapy is reserved for more severe cases (1.e., pH <7.1) because this therapy 
carries the potential for fluid overload and hypernatremia and because the effect on 
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plasma bicarbonate concentration may be only temporary.!®!7 Specific treatment 
measures are outlined in Figure 44-1. The goal of sodium bicarbonate therapy is to 
return the blood pH to a safer level (pH 7.15—7.2) or to increase the plasma 
bicarbonate to 8—10 mEq/L. 


General Measures: 
* Hold or discontinue any suspected drugs (i.e., treat 
the underlying cause first) 





Does the patient have 
renal failure? 





Initiate IV bicarbonate: 

1. Calculate the bicarbonate deficit® 

2. Replace 30-50% of the calculated deficit over 
30 minutes to several hours > 


Monitoring: 

# Reassess the need for bicarbonate therapy by 
monitoring ABGs at least 30 minutes after the end 
of the infusion; be careful not to over-correct 

* Monitor serum potassium concentrations 
Target: arterial pH 7.15-7.20 and plasma 


Continue current 
bicarbonate = 8-10 mEq/L 


therapy 


Consider hemodialysis if: 
* Acute or chronic renal failure present 
* Insufficient or slow response to preceeding 
measures 
= Culprit drug can be removed by dialysis (e.g., 
metformin, propylene glycol, salicylates) 


Daily intermittent hemodialysis: 
= Use standard bicarbonate bath (35-40 mEq/L) 
= If hemodynamically unstable, consider CRRT 


FIGURE 44-1 Treatment of Metabolic Acidosis (excluding RTA) 


ABG = arterial blood gas, CRRT = continuous renal replacement therapy, RTA = renal tubular acidosis. 
@Bicarbonate deficit (mEq) = 0.5 L/kg x weight (kg) x [HCO3] desired — [HCO3] observed, where 0.5 L/kg = 
volume of distribution of bicarbonate, HCO3 = plasma bicarbonate concentration. 

by sual dose 100-150 mEq (2—3 ampules) NaHCO3 in 0.9% NaCl, DSW, or other compatible fluid. 


Source: Adroque HJ, Madias NE. Management of life-threatening acid-base disorders. N Engl J Med. 1998; 
338:26-34. 
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Thiamine, riboflavin, and L-carnitine have been used to treat patients with 
NRTI-induced acidosis because these agents are necessary enzyme cofactors in the 
mitochondrial respiratory chain. Thiamine (100—200 mg daily), riboflavin (50 mg 
daily), and L-carnitine (1,000 mg twice daily) have been used together and 
individually (orally and intravenously) in the treatment of NRTI-induced lactic 
acidosis.!*!° Current guidelines recommend changing to an NRTI-sparing regimen 
after patients completely recover from NRTI-induced lactic acidosis.”° 


Continuous or intermittent hemodialysis may be used in the treatment of 
metformin-, propylene glycol-, and propofol-induced metabolic acidosis to 
facilitate removal of metformin, propylene glycol, and the metabolic acids and 
lipids that accumulate with propofol infusion syndrome. Hemodialysis can also 
correct acidosis through bicarbonate supplementation and removal of lactate from 
the circulation.7!-73 


Drug-induced RTA is generally reversible upon discontinuation of the drug. If 
the acidosis does not improve within 1—3 days or the patient is symptomatic, oral 
alkali therapy may be considered. Treatment of proximal (Type II) RTA requires 
large doses of alkali because of the significant excretion of bicarbonate. Potassium 
citrate or combinations of potassium and sodium citrate are used, because low 
serum potassium concentrations due to distal potassium wasting are a consistent 
finding in proximal RTA. Classical distal (Type I) RTA responds to treatment with 
oral sodium bicarbonate. Reduction of serum potassium concentrations to within 
the normal range may reverse acidosis in patients with hyperkalemic (Type IV) 
distal RTA. Table 44-8 lists the available options for oral alkali replacement 
therapy and Figure 44-2 provides an algorithm for treatment of RTA. 
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General Measures: 


Hold or discontinue any suspected drugs 


Consider oral alkali therapy if no improvement in 
acidosis within 1-3 days or the patient is 
exhibiting symptoms of metabolic acidosis 

(see Table 44-8) 








Proximal (Type Il) RTA: 


® Rarely requires treatment and overcorrection 
may worsen the hypokalemia 


® If treatment required, use 10-25 mEq 
alkali/kg/24 hr in 3 divided doses 

® Potassium citrate or combination of 
potassium and sodium citrate preferred 


® Titrate does to maintain serum bicarbonate 
at 20-24 mEq/L 











r 


Classical Distal (Type !) RTA: 
® 1-2 mEq alkali/kg/24 hr in 3 divided doses 
® Children may require up to 4-8 mEq/kg/24 hr 


® Sodium bicarbonate or sodium citrate 
preferred 


® Titrate doses to maintain serum bicarbonate 
at 20-24 mEq/L 





FIGURE 44-2 Treatment of Renal Tubular Acidosis 


Hyperkalemic Distal (Type !V) RTA: 


* Reduce serum potassium to normal range 
(3.5-5 mEq/L) using the following 
order of interventions: 


1. Sodium polystyrene sulfonate 15-30 g 
PO 1-4 times/day and/or dietary 
potassium restriction 40-60 mEq/day 


2. Addition of furosemide 60-80 mg PO daily 

3. Addition of fludrocortisone 0.1-0.2 mg 
PO daily (monitor patient for signs of fluid 
retention) 

4. it required, sodium bicarbonate 
1-2 mEq/kg/day 

® Titrate doses to maintain serum bicarbonate 
at 20-24 mEq/L 





Table 44-8 Oral Alkali Replacement Products 





Brand 
Name 


Generic Name 


Potassium bicarbonate— 
potassium citrate 


K-lyte DS 
Urocit-K 


Potassium citrate 


Potassium citrate—citric acid 


Sodium bicarbonate 


Sodium citrate—citric acid 


K-lyte 


Polycitra K 


Various 


Shohl’s solution, 


650 mg tablet = 7 


Bicitra 


Sodium citrate—potassium 
citrate—citric acid 


K = potassium, Na = sodium. 


Polycitra 


Na/mL) 


mEq Bicarbonate 
25 mEq bicarbonate/tablet (25 mEq K/tablet) 


50 mEq bicarbonate/tablet (50 mEq K/tablet) 


5 mEq, 10 mEq, or 15 mEq bicarbonate/tablet (5 mEq, 
10 mEq, 15 mEq K/tablet) 


2 mEq bicarbonate/mL (2 mEq K/mL) 


325 mg tablet = 3. 
.8 mEq bicarbonate (7.8 mEq Na) 


1 mEq bicarbonate/mL (1 mEq Na/mL) 


9 mEq bicarbonate (3.9 mEq Na) 


2 mEq bicarbonate/mL (1 mEq K/mL and 1 mEq 


The immediate restoration of normal alveolar gas exchange is the most 
important feature in the treatment of acute respiratory acidosis. Table 44-9 reviews 


treatment options for drug-induced acute respiratory acidosis. 


Successful 


management of chronic respiratory acidosis relies on the prompt recognition and 
treatment of the underlying conditions, such as for COPD or sepsis. Bicarbonate 
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administration is rarely necessary, and rapid correction of respiratory acidosis with 
bicarbonate may eliminate the patient’s respiratory drive or precipitate an acute 
metabolic alkalosis.! Sodium bicarbonate infusions used to treat respiratory 
acidosis can buffer hydrogen ions; however, dissociation can also lead to unwanted 
formation of CO,. The effects of sodium bicarbonate overall on correcting the pH 
then become dependent on the patient’s ability to eliminate that CO,. Tracheal 


intubation with mechanical ventilation is key at this point and should continue until 
the underlying cause of acidosis is resolved. In addition to the extracellular effects 
of bicarbonate administration, generated CO, passively diffuses into cells where 


carbonic acid is formed. This can worsen intracellular acidosis.*4 Tris- 
hydroxymethyl aminomethane (THAM) may be considered as an alternative to 
bicarbonate administration because it buffers respiratory acidosis and, unlike 
bicarbonate, easily enters cells to buffer pH and reduce CO, levels. THAM may 
more effectively correct pH and mitigate adverse effects of the acidosis in patients 
with severe cardiovascular and hemodynamic instability.7* 


Table 44-9 Treatment Options for the Management of Acute 





Drug-Induced Respiratory Acidosis 


* Hold or discontinue any respiratory depressant drugs 
* Reverse effects of respiratory depressants, if present: 

o For opiates: Give naloxone 0.04—0.4 mg IV/IM. Sub-Q may provide more gradual reversal than I'V. 
Naloxone may be administered via nebulization or by endotracheal tube. Response should be observed 
within 1-2 minutes after IV dose; duration of naloxone action is variable from 0.5—3 hours; and repeated 
administration may be required. Naloxone may also be administered as a continuous IV infusion (0.4—0.8 
meg/hr in 5% dextrose). Guidelines recommend using the lowest effective dose of naloxone to prevent 


respiratory acidosis and minimize the risk of withdrawal in opiate-dependent patients. 28-122 

o For benzodiazepines: give flumazenil 0.2 mg IV q | min as needed (maximum, 5 doses per series; may 
repeat series at 20-minute intervals up to 5-mg total dose); obtain arterial blood gases every 2—4 hours 
initially then every 12—24 hours as acidosis improves; flumazenil is not recommended in the absence of 
specific knowledge of a benzodiazepine overdose as its administration may precipitate seizures in patients 


with tricyclic antidepressant overdose?® 


IM = intramuscular, IV = intravenous, sub-Q = subcutaneous. 


INFORMATION FOR PATIENTS 


Patients receiving drugs known to cause acidosis should be aware that associated 
symptoms are not specific and may include epigastric pain, nausea, vomiting, 
lethargy, somnolence, and diarrhea. Many patients who have experienced NRTI- 
induced lactic acidosis describe a 2- to 4-week prodrome that has included nausea, 
vomiting, weight loss, and abdominal pain and distention.!° The occurrence of any 
of these symptoms should be reported to a healthcare provider. 
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Patients receiving large doses of central respiratory depressants and _ their 
caregivers should be cautioned to be alert to the signs and symptoms of respiratory 
acidosis, including altered mental status and abnormal behavior. 


ALKALOSIS 


CAUSATIVE AGENTS 


Metabolic alkalosis is a primary increase in serum bicarbonate concentration and 
occurs as a consequence of a loss of hydrogen ions or/and a gain in bicarbonate. 
Patients with metabolic alkalosis present with an elevated arterial pH, increased 
plasma bicarbonate concentration, and a compensatory decrease in lung ventilation 
(hypoventilation) resulting in an increased partial pressure of CO,. Hypochloremia 


and/or hypokalemia may also be present.® Because the kidney under normal 
circumstances is able to excrete a significant alkali load, evaluation of patients 
with metabolic alkalosis must include both an assessment of the process initially 
responsible for the acid—base abnormality as well as the alterations in renal 
function that are preventing prompt correction of the alkalemic state. 

Respiratory alkalosis is a condition of elevated arterial pH and 
hyperventilation resulting in a low partial pressure of CO, with a compensatory 
decrease in plasma bicarbonate concentration. Similar to respiratory acidosis, 
respiratory alkalosis can be classified as acute or chronic depending on the degree 
of bicarbonate compensation observed. Drugs reported to cause metabolic or 
respiratory alkalosis are listed in Table 44-10. 


EPIDEMIOLOGY 


Metabolic alkalosis 1s a common acid-base disorder, accounting for a large 
proportion of all acid-base disorders.*°> The high incidence is attributed to the 
frequency of vomiting and the use of diuretics and nasogastric suction in 
hospitalized patients. Respiratory alkalosis is the most common acid—base 
abnormality observed in critically ill patients because it is associated with 


numerous illnesses and is a common finding in patients on mechanical ventilation.® 
However, the incidence of drug-induced respiratory alkalosis is not well defined. 


MECHANISMS 


Table 44-11 lists the mechanisms of metabolic and respiratory drug-induced 
alkalosis. The development and continuation of metabolic alkalosis requires both 
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an elevation in the plasma bicarbonate concentration and a decrease in renal 
bicarbonate excretion. There are three major mechanisms of metabolic alkalosis. 
The first involves extracellular fluid (ECF) volume contraction, low blood 
pressure, potassium deficiency, and secondary hyperaldosteronism. ECF volume 
contraction leads to an increased plasma bicarbonate concentration, whereas low 
blood pressure decreases glomerular filtration rate in the kidneys, leading to 
decreased renal bicarbonate excretion. Secondary hyperaldosteronism occurs and 
is an attempt to correct the volume contraction and low blood pressure, and 
hypokalemia is the result of aldosterone’s effect on potassium excretion. 
Hyperaldosteronism and hypokalemia both directly increase renal bicarbonate 
reabsorption and lead to an increased plasma bicarbonate concentration. Treatment 
with diuretics may produce hypochloremia, which reduces bicarbonate excretion 
by increasing renal distal tubule reabsorption and reducing renal distal tubule 
secretion of bicarbonate. It has been suggested that this type of metabolic alkalosis 
would more accurately be termed chloride depletion alkalosis. Animal models and 
a study in healthy human volunteers found that metabolic alkalosis can be corrected 
with chloride repletion alone (without volume expansion), whereas volume 
expansion without chloride administration does not correct the alkalosis.2° When 
volume deficits exist in patients with alkalosis, they are typically corrected with 
solutions of 0.9% sodium chloride. 


The second major mechanism of metabolic alkalosis involves ECF volume 
expansion, hypertension, hypokalemia, and mineralocorticoid excess. Drugs with 
mineralocorticoid activity produce aldosterone-like effects. The resulting increased 
absorption of sodium and water leads to ECF volume expansion and hypertension, 
and the increased potassium excretion leads to hypokalemia. The net result is that 
aldosterone-like effects and hypokalemia increase bicarbonate reabsorption and 
lead to the development of metabolic alkalosis. 


Table 44-10 Agents Implicated in Drug-Induced Alkalosis 





METABOLIC ALKALOSIS 


Anions—nonreabsorbable, large doses (Penicillins,99,100 NK C 
Carbapenems) 101,102 

Aminoglycosides 103-106 C 
Calcium carbonate (calcium-alkali syndrome, reported with NK C 
doses 4-60 g/day, may occur with lower doses)35,36 
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Cisplatin 107 


Citrate (from transfused blood, fresh-frozen plasma, or citrate NK C 
anticoagulation in continuous renal replacement therapies) 

Diuretics (loop and thiazide) 108,109 NK B 
Fludrocortisone 110 NK C 
Glycyrrhizic acid (found in genuine black licorice, chewing NK C 


tobacco, herbal products containing licorice)37,111 


Laxative abuse77 


Z 
A 
wo 





Z 
nw 
w 


Sodium bicarbonate—excessive administration 
(found in nonprescription antacids, IV sodium bicarbonate, 
baking soda)38,112-115 


Sodium polystyrene sulfonate combined with aluminum or 
magnesium hydroxide 116,117 


il 
nw 
Q 


Stanozolol118 K C 
RESPIRATORY ALKALOSIS 

Amphetamines NK C 
Catecholamines91 C 
Doxapram28,29,118 NK A 
Loratadine (overdose) 121 NK C 
Nicotine NK C 
Progesterone 119 NK A 
Quetiapine30 NK C 
Salicylate (overdose—mixed disorder: metabolic acidosis and NK B 
respiratory alkalosis )68 





Theophylline (overdose) 120 


Z 
~ 
wo 


IV = intravenous, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


The third major mechanism involves exogenous alkali loading. Sustained 
metabolic alkalosis usually occurs in patients who have underlying risk factors 
(e.g., renal dysfunction) and receive large doses of alkali-containing drugs such as 
antacids, sodium bicarbonate (e.g., baking soda), or bicarbonate precursors 
(citrate, acetate). 


Drug-induced respiratory alkalosis occurs as a result of stimulation of the 
central respiratory center and the subsequent increase in minute ventilation and 
reduction in the partial pressure of CO,. Progesterone exerts this effect and rising 
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endogenous progesterone concentrations may in fact be responsible for inducing 
respiratory alkalosis in pregnant women. Medroxyprogesterone has been shown to 
induce small but sustained decreases in the partial pressure of CO, and increases in 
serum bicarbonate concentrations and has been used to treat patients with central 
hypoventilation.*’ Doxapram increases respiratory rate and can cause respiratory 
alkalosis. It has been used for patients in intensive care units to help obviate the 
need for intubation and mechanical ventilation, although its use is limited by its 
propensity to induce cardiac arrhythmia.7*”? Quetiapine has been associated with 
hyperventilation and respiratory alkalosis possibly secondary to peripheral 
serotonin depletion.°” Serotonin is known to be involved in the regulation of 
ventilation. It has been hypothesized that hyperventilation results from serotonin 
depletion at vagal receptor sites in the airway and lungs.°? 


Table 44-11 Mechanisms of Drug-Induced Alkalosis 





Mechanism 


METABOLIC ALKALOSIS 
Aminoglycosides Bartter-like syndrome 


Cisplatin ECF volume contraction (renal origin), normotension, 
hypokalemia, and secondary hyperaldosteronism 
Large doses of nonreabsorbable anion 


Loop and thiazide diuretics 


Combined administration of sodium polystyrene ECF volume contraction (gastrointestinal origin), 
sulfonate and aluminum or magnesium hydroxide normotension, hypokalemia, and secondary 
hyperaldosteronism 


Laxative abuse 


Fludrocortisone ECF volume expansion, hypertension, hypokalemia, 
and mineralocorticoid excess 

Glycyrrhizic acid (found in genuine black licorice, 

chewing tobacco, herbal products containing licorice) 

Stanozolol 


Acetate Exogenous alkali load 
Calcium carbonate (calcium-alkali syndrome) 


Citrate (from transfused blood, fresh-frozen plasma, or 
citrate anticoagulation in renal replacement therapies) 


Excessive sodium bicarbonate injection/administration 
(found in over-the-counter antacids, intravenous 
sodium bicarbonate, baking soda) 


RESPIRATORY ALKALOSIS 


Amphetamines Central respiratory stimulation 
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Doxapram Central respiratory stimulation 


Loratadine overdose Central respiratory stimulation 

Progesterone Central respiratory stimulation 

Quetiapine Hyperventilation secondary to peripheral serotonin 
depletion 


Salicylate overdose (mixed disorder: metabolic acidosis | Central respiratory stimulation 
and respiratory alkalosis) 


Theophylline overdose Central respiratory stimulation 
ECF = extracellular fluid. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Mild-to-moderate metabolic alkalosis, with serum bicarbonate levels <40 mEq/L, 
is usually asymptomatic. Often it is the electrolyte abnormalities, such as 
hypokalemia, that lead to signs and symptoms such as paresthesias, muscle 
cramping, tetany, and cardiac arrhythmias. When serum bicarbonate levels exceed 
45 mEq/L, hypoxemia secondary to compensatory hypoventilation may occur, 
especially in patients with COPD. Mental status changes, seizures, and coma may 
occur with serum bicarbonate levels >50 mEq/L.*! 


The cause of metabolic alkalosis can often easily be discerned with careful 
medical and medication histories and physical examination. However, without 
arterial blood gas measurements, metabolic alkalosis may be difficult to distinguish 
from respiratory acidosis, as the signs and symptoms are similar (Table 44-3 and 
Table 44-12). Patients presenting with metabolic alkalosis associated with ECF 
volume contraction may exhibit orthostatic hypotension, tachycardia, and other 
features of reduced circulatory volume. Unless they are receiving diuretic therapy 
and have associated chloride depletion, these patients generally have intense 
chloride conservation, with urinary concentrations <10 mEq/L. In metabolic 
alkalosis associated with ECF volume expansion and mineralocorticoid excess, 
patients tend to present with hypertension and urinary chloride concentrations >30 
mEq/L. Urine chloride concentrations between 10 and 30 mEq/L are associated 
with various causes such as severe hypokalemia, diuretic-induced volume 
depletion, Bartter and Gitelman syndromes, or alkali ingestion. Therefore, results 
within this range are not helpful in determining the cause of metabolic alkalosis.*! 
Urinary potassium concentrations >30 mEq/L in the presence of hypokalemia 
indicate renal potassium wasting, often from diuretic therapies.** Conditions to 
consider in the differential diagnosis of metabolic alkalosis are listed in Table 44- 
13. 
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Table 44-12 Signs and Symptoms Associated with Alkalosis 


Signs and symptoms 


MILD TO MODERATE METABOLIC ALKALOSIS (pH 7.5-—7.6) 


¢ Extracellular fluid volume depletion and postural hypotension 
* Hypokalemia 

* Muscle weakness 

SEVERE METABOLIC ALKALOSIS (pH >7.6) 


* Cardiac arrhythmias 

* Confusion 

* Hyperactive reflexes or tetany 

¢ Hypoxemia stimulated tachypnea 
* Muscle cramping 

* Paresthesia 

RESPIRATORY ALKALOSIS 


¢ Arrhythmias 
* Confusion 
¢ Neuromuscular irritability 
* Seizures 
* Decreased cardiac output 
* Dizziness 
* Ischemic ECG changes 
* Hyponatremia 
* Hypokalemia 
¢ Hyperchloremia 
o Hyponatremia 
o Hypokalemia 
o Hyperchloremia 


ECG = electrocardiogram. 


The clinical features of respiratory alkalosis are listed in Table 44-12. In 
addition to a physical examination and medication history, the diagnostic workup 
should include arterial blood gases to avoid possible misdiagnosis as metabolic 
acidosis. Conditions to consider in the differential diagnosis of drug-induced 
respiratory alkalosis are listed in Table 44-13. 


RISK FACTORS 


Patients with underlying medical causes of hydrochloric acid loss, such as vomiting 
or nasogastric suction, or reduced renal bicarbonate excretion due to low effective 
blood volume may be at higher risk of experiencing drug-induced metabolic 
alkalosis. Patients with renal dysfunction are more likely to develop metabolic 
alkalosis with large doses of alkali-containing drugs. With primary respiratory 
alkalosis, the elevation in pH and decrease in pCO, occur as the result of any 
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disorder that increases respiratory drive. Risk factors for metabolic and respiratory 
alkalosis are presented in Table 44-14. 


MORBIDITY AND MORTALITY 


Although specific rates of morbidity and mortality for patients with drug-induced 
alkalosis are not known, mortality rates for alkalosis of all types have been 
published. Patients with arterial blood pH of 7.55 have been found to have a 
mortality rate of 45% and mortality increases to 80% when pH is >7.65.*° 
Hospitalized patients with respiratory alkalosis and a partial pressure of arterial 
CO, <15 mm Hg have a mortality rate of approximately 90%.*4 





Table 44-13 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Alkalosis®»>1,91 


Metabolic alkalosis 
Exogenous bicarbonate administration 


¢ Alkali administration 
¢ Milk-alkali syndrome 


ECF volume contraction, hypokalemia, and secondary hyperaldosteronism 


* Gastrointestinal losses 
Congenital chloridorrhea 
High-volume ileostomy losses 
Nasogastric suction 
Villous adenoma 
Vomiting 
* Renal losses 
o Bartter syndrome (inherited defect in TALH characterized by alkalosis, hypokalemia, and normal|-to-low 
blood pressure) 


o0o0C0O [68 


Gitelman syndrome (loss of function mutation in Na‘-Cl" cotransporter in DCT) 
Hypercalcemia/hypoparathyroidism 

Hypokalemia 

Magnesium deficiency 

Posthypercapnic state 

o Recovery from lactic acidosis or ketoacidosis 


o0o0CO U8 


ECF volume expansion, hypertension, hypokalemia, and mineralocorticoid excess 


* Secondary hyperaldosteronism (high renin) 
o Accelerated hypertension 
o Renal artery stenosis 
o Renin-secreting tumor 
¢ Low renin 
o Cushing syndrome or disease 
o Primary aldosteronism 
o Adrenal enzyme defects 
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—11B-hydroxylase deficiency 
—17a-hydroxylase deficiency 
¢ Liddle syndrome—Genetic disorder associated with increased function of renal sodium channel resulting in 


ECFV expansion, hypertension, Kt deficiency, and hyporeninemic-hypoaldosteronism 


Respiratory alkalosis 


Central nervous system stimulation 


* Anxiety-hyperventilation syndrome 
* Cerebrovascular accident 

¢ Fever 

¢ Meningoencephalitis 

« Pain 

* Psychosis 

¢ Trauma 

¢ Tumor 


Hypoxemia or tissue hypoxia 
* Aspiration 

* High altitude 

¢ Pneumonia 


¢ Pulmonary edema 
* Severe anemia 


Stimulation of chest wall receptors 


¢ Acute respiratory distress syndrome 
¢ Asthma 

* Cardiac failure 

° Flail chest 

¢ Hemothorax 

* Pneumonia 

¢ Pneumothorax 

¢ Pulmonary embolism 


Miscellaneous 


* Heat exposure 

* Hepatic failure 

* Mechanical hyperventilation 

* Pregnancy (progesterone) 

* Recovery from metabolic acidosis 
* Septicemia 


DCT = distal convoluted tubule, ECFV = extracellular fluid volume, TALH = thick ascending limb of Henle’s 
loop. 


MANAGEMENT 


There are two goals in the treatment of metabolic alkalosis: (1) correct the existing 
deficit, and (2) prevent continuing bicarbonate gains by discontinuing the causative 
agent. Metabolic alkalosis associated with ECF volume contraction can be 
effectively treated with an infusion of 0.9% sodium chloride. This will correct both 
the volume and the chloride deficits. Patients with overt signs of volume 
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contraction usually require a minimum of 3-5 L. As the chloride deficit is 
corrected, an alkaline diuresis will occur, with plasma bicarbonate decreasing 
toward normal.*? Other treatment measures are outlined in Figure 44-3. 





Table 44-14 Risk Factors for Drug-Induced Alkalosis!»8 


Metabolic alkalosis 


* Hemodynamic disturbances that impair bicarbonate excretion 
* Renal dysfunction 
* Vomiting or nasogastric suction 


Respiratory alkalosis 


¢ Altitude 

° Anxiety 

* Asthma 

¢ Brain tumors, vascular accidents 
* Carbon monoxide intoxication 

¢ Fever 

* Gram-negative sepsis 

* Head trauma 

¢ Heart failure 

* Hepatic cirrhosis 

¢ Hyperventilation (mechanical or voluntary) 
* Hypotension 

* Pain 

* Pneumonia 

* Pregnancy 

* Pulmonary emboli 

* Pulmonary shunts 
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General Measures: 
Hold or discontinue any suspected drugs 









Is ECF volume 
contraction present? 







(nes 
Administer 0.9% NaCl at an 
approprate rate@ 


Is hypokalemia 
(K<3.5 mEq/L) 
present? 








— 


Add 10-20 mEq/L KC! to repletion fluid or 
oral KCI 40-60 mEq 4-5 times daily 


Does the patient have 
acute renal failure or 










Is ECF volume 
overload present? 





Hemodialysis or peritoneal Acetazolamide 250-375 mg 

dialysis with a reduced orally once or twice daily, 

bicarbonate dialysis bath monitor serum potassium 
and replete if necessary 


re 
IV Hydrochloric Acid: Continue current therapy 


* Dose HCI (mEq) = [0.2 L’kg x weight (kg)] x [103 mEq/L — observed 
serum chloride} 
Where: 0.2 Lkg is the volume of distribution of chloride 
103 mEq/L is the average serum chloride 
concentration 
* Administer via a large central vein in either DSW or 0.9% NaCl at a 
rate of 10-25 mEq/nr 


FIGURE 44-3 Treatment of Metabolic Alkalosis 
ECF = extracellular fluid, ESRD = end-stage renal disease, HCl = hydrochloric acid, KCl = potassium chloride, 
NaCl = sodium chloride. 


@For severe dehydration, administer 1 L 0.9% NaCl over 30 minutes followed by a second liter over the next 
hour. Repeat physical examination and electrolytes to determine subsequent rate of admmnistration. 


The only effective therapy in patients with respiratory alkalosis is elimination 
of the underlying cause of hyperventilation. If a medication is suspected, its use 
should be discontinued. Management of salicylate and theophylline overdose 
includes supportive care and administration of activated charcoal to reduce 
absorption. Intravenous sodium bicarbonate is used to alkalinize the urine and to 
enhance urinary excretion of salicylates. Whole bowel irrigation may be used to 
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enhance elimination of sustained-release theophylline. Hemodialysis or 
hemoperfusion is recommended to enhance elimination in severe cases of salicylate 
or theophylline overdose. Oxygen therapy should be initiated in all patients with 
severe hypoxemia (partial pressure of oxygen <40 mm Hg), and patients with life- 
threatening alkalosis (pH >7.6) may require mechanical ventilation to control 
hyperventilation.! Table 44-15 summarizes the treatment options available for 
drug-induced respiratory alkalosis. 


INFORMATION FOR PATIENTS 


Patients exposed to drugs that can induce metabolic dieatonis should ibe agtneea 
to report muscle weakness or cramping (hypokalemia), tetany (hypocalcemia), or 
postural dizziness (ECF volume depletion) promptly to their healthcare provider. 
To avoid development of calciun-alkali syndrome in patients with risk factors for 
metabolic alkalosis, intake of calcium supplements should be limited to no more 
than 1.2-1.5 g per day of elemental calcium (includes total from diet and 
supplements). This is especially important in patients exposed to other sources of 
alkali or when there is concomitant use of agents associated with drug-induced 
alkalosis.*>*° An indication of possible diuretic or laxative abuse may be identified 
by clinicians during a review of a patient’s purchase or refill history, and these 
patients should be cautioned regarding the risks associated with this practice. 
Patients should also be warned about the use of herbal supplements with 
mineralocorticoid activity (e.g., natural licorice) and overuse of baking soda as a 


home remedy.>”°8 








Patients should be advised to take medications known to cause respiratory 
alkalosis exactly as directed to prevent unintentional overdose. Patients receiving 
large doses of aspirin for treatment of arthritis or other conditions should be made 
aware of, and advised to avoid, other salicylate-containing medications to prevent 
accidental overdose. Patients should also be instructed to promptly report 
symptoms of light-headedness, confusion, syncope, or seizures to their healthcare 
provider. 


Table 44-15 Treatment Options for Management of Drug- 
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Induced Respiratory Alkalosis 





¢ Hold or discontinue any suspected drugs 

* Initiate oxygen therapy in patients with severe hypoxemia (partial pressure of oxygen <40 mm Hg) 
* Rebreathing techniques are effective in patients with hyperventilation due to anxiety 

* Treat theophylline and salicylate overdoses appropriately 
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CHAPTER 45 


Bleeding Disorders 


Tiffany Pon and Jaekyu Shin 


Drug-induced bleeding is a common problem. In this chapter, we use the term drug- 
induced to describe situations in which drugs cause, exacerbate, or increase the 
risk of bleeding. As anticoagulant and antiplatelet therapies have become the 
mainstay of treatment for various cardiovascular diseases, the utilization of drugs 
that increase bleeding risk has grown. From 1995 to 2002, the percentage of 
patients with atrial fibrillation who received an anticoagulant increased from 
40.3% to 49.1%.' Furthermore, patients may take multiple drugs that increase 
bleeding risk, and polypharmacy greatly increases the risk of drug-induced 
bleeding as many agents are prone to drug—drug interactions and have narrow 
therapeutic indices. Drug-induced bleeding events not only lead to morbidity and 
mortality but they are also costly. In one study, mean unadjusted all-cause health 
costs in the first year after warfarin initiation for atrial fibrillation was 
approximately $42,000 for patients with at least one intracranial bleed compared 
with $24,000 for patients without bleeding.? As a result, many of the drugs 
discussed in this chapter are considered high-alert medications by the Institute for 
Safe Medication Practices, and clinicians should be aware of how to prevent, 
recognize, and manage drug-induced bleeding. 
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CAUSATIVE AGENTS 


Drugs associated with bleeding can be divided primarily into two groups: those 
that affect hemostasis through inhibition of the coagulation cascade and platelet 


aggregation pathways and those that exert direct toxicity (Table 45-1).*-!>? 


Drugs that impair hemostasis include anticoagulants, thrombolytics, and 
antiplatelet agents, and they are intended to treat or prevent thrombosis. Thus, while 
they do not directly cause bleeding, they can exacerbate or increase the risk of 
bleeding from other causes. In contrast, nonsteroidal anti-inflammatory drugs 
(NSAIDs) primarily increase bleeding risk by inhibiting prostaglandin synthesis in 
the upper gastrointestinal mucosa, causing direct damage. !°> 


Aspirin falls into both groups because it exerts similar direct gastrointestinal 
toxicity as NSAIDs, but it also affects hemostasis through inhibition of platelet 
aggregation. !>4 Finally, selective serotonin reuptake inhibitors (SSRIs) are thought 
to increase bleeding risk through inhibition of platelet aggregation; however, there 
is also evidence that they may directly increase gastric acidity, which increases the 
risk of ulceration and gastrointestinal bleeding, !*>!>° 


EPIDEMIOLOGY 


The incidence of drug-induced bleeding has been reported in multiple randomized 
clinical trials, and risk differs by drug class (Table 45-1). The site of bleeding is 
often also a function of drug class. Vitamin K antagonists (VKAs) are more likely to 
cause intracranial hemorrhage (ICH) than direct oral anticoagulants (DOACs), 
whereas DOACs are more likely to cause gastrointestinal bleeding than VKAs, and 
upper gastrointestinal bleeding is highly associated with aspirin and 
NSAIDs. ©!!.12,0:130,131 Moreover, drug-induced bleeding may differ by ethnicity, 
with Caucasians possibly having a lower risk of drug-induced bleeding.!°”!°? 


Table 45-1 Agents Implicated in Drug-Induced Bleeding 









Level of 
Incidence Evidence® 


ANTICOAGULANTS 
Direct oral thrombin inhibitors 10,11,37-40 —|9.7-16.1% (allb); 0.—1.4% (majorc) 


Direct oral Xa inhibitors6,9,12-28 4.9-21.7% (all); <0.1%—0.8% (major) 
Fondaparinux29-36 1.0-5.3% (all); 0.1-2.2% (major) 


IV direct thrombin inhibitors4 1-59 3.2-12.5% (all); 0-13.8 (major) 
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Low-molecular-weight 0.6—25.4% (all); 0-9.1% (major) A 
heparinS,7,25,27,28,32-35,58,60-80 





Unfractionated heparm3 1 ,32,36,65,69- 2.1-18.4% (all); 0.1-8.3% (major) 

75,77,78,80,8 1 

Vitamin K antagonists3-12 13.2—25.8%/yr (all); 2.2-3.43% (major) 
ANTIPLATELET DRUGS 

Anagrelide 128,129 11.3—18.9% (all); 4.1% (major) A,B 
Aspirin62,82-90 1.8-16.1% (all); 1.3%/yr—3.9% (major) A 
Aspirin plus dipyridamole88,89,91 1.19%/yr; 0.09%/yr—4. 1% (major) A 
Cilostazole 122-125 0.7—4% (all); 0% (major) A 
Dipyridamole88-89 15.1% (all); 2.6% (major) A 
GPIIb/HIa inhibitors 106-121 3—23.5% (all); 0.2-10.6% (major) A 
IV P2Y 12 receptor antagonists 102-105 0.3—11.8% (all); 0.1—0.4% (major) A 
Oral P2Y 12 receptor antagonists84- 0.1—11.4% (all); 0.1—7.9% (major) A 
87,89,92-101 

OTHER AGENTS 

Defibrotide 150,d A 
NSAIDs 130-134 6.0% (all); 0.4-4.9% (GI bleed) A,B 
SSRIs 151,152 0.4—0.6% (GI bleed) B 
Thrombolytics 135-149 20.3-32% (all); 2.7-10% (major) A 


Vorapaxar 126,127,e 2.8—3.2 (major) A 


GI = gastrointestinal, GPHb/IIa inhibitors = glycoprotein I[b/IMa inhibitors, [V = intravenous, NSAID = 
nonsteroidal anti-inflammatory drug, SSRI = selective serotonin reuptake inhibitor. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bAll-cause bleeding. 


cMajor bleeding. 
dIncidences of major bleeding were not reported. 


eIncidences of all-cause bleeding were not reported. 


The true incidence of drug-induced bleeding, however, is not completely clear 
because it is impacted by several factors. Some factors relate to study design (e.g., 
inconsistent bleeding classifications and definitions, varying study durations, and 
different statistical methods), and other factors include concomitant medication use 
and continuously evolving practice standards. 
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Classifications of bleeding have included major, fatal, life-threatening, serious, 
excessive, clinically significant, overt, trivial, minor, nuisance bleeding events, and 
more, and the definitions of these classifications have also differed among trials. 
Criteria used in selected clinical trials involving nonsurgical patients are listed in 


Table 45-2. 


Table 45-2 Bleeding Definitions 


Criteria Bleeding Definition 
Thrombolysis in * Major: 
Myocardial Infarction o Any intracranial bleeding (excluding hemorrhages <10 mm evident only on 


(TIMI) 160 


Global Use of Strategies to 
Open Occluded Arteries 


(GUSTO)!69 . 


International Society on 
Thrombosis and 
Haemostasis 


(isTH)!61,162 


gradient-echo magnetic resonance imaging scan) 

o Clinically overt signs of hemorrhage associated with a drop in hemoglobin of 
>5 g/dL 

o Fatal bleeding (bleeding that directly results in death within 7 days) 

Minor: Clinically overt, resulting in hemoglobin drop of 3—5 g/dL 

Requiring medical attention: Any overt sign of hemorrhage that meets one of 

the following criteria and does not meet criteria for a major or minor bleeding 

event, as defined above: 

o Requiring intervention (medical practitioner-guided medical or surgical 
treatment to stop or treat bleeding, including temporarily or permanently 
discontinuing or changing the dose of a medication or study drug) 

o Leading to or prolonging hospitalization 

o Prompting evaluation (leading to an unscheduled visit to a healthcare 
professional and diagnostic testing, either laboratory or imaging) 


Severe or life-threatening bleeding: 

o Intracerebral hemorrhage 

o Resulting in substantial hemodynamic compromise requiring treatment 
Moderate: Requiring blood transfusion but not resulting in hemodynamic 
compromise 

Mild: Bleeding that does not meet above criteria 


Major bleeding: 

o Fatal bleeding, and/or 

o Symptomatic bleeding in a critical area or organ, such as intracranial, 
intraspinal, intraocular, retroperitoneal, intraarticular or pericardial, or 
intramuscular with compartment syndrome, and/or 

o Bleeding causing a fall in hemoglobin level of 2 g/dL or more, or leading to 
transfusion of two or more units of whole blood or red cells 

Clinically relevant nonmajor bleeding: 

o Any sign or symptom of hemorrhage (e.g., more bleeding than would be 
expected for a clinical circumstance, including bleeding found by imaging 
alone) that does not fit the criteria for the ISTH definition of major bleeding 
but does meet at least one of the following criteria: 
¢ Requiring medical intervention by a healthcare professional 
¢ Leading to hospitalization or increased level of care 
¢ Prompting a face-to-face (i.e., not just a telephone or electronic 

communication) evaluation 


1908 


Clinical trials of longer duration typically report a higher incidence of bleeding 
compared to trials of shorter duration, and this may be due to the use of different 
methods to calculate the incidence of bleeding events. Although percent incidence 
is most commonly used to describe risk, percent per year and incidence rates such 
as person-years have also been used. 


Concomitant use of multiple medications that can induce or exacerbate bleeding 
also confounds determination of the true incidence of bleeding for each individual 
drug. Virtually all trials evaluating clopidogrel in acute coronary syndrome 
included patients who also took aspirin, and patients who were assigned to a 
glycoprotein (GP) IIb/IIIa inhibitor often received unfractionated heparin (UFH) at 
the same time. 


In addition to combination therapy, clinical trial protocols may not represent 
current clinical practice, and this can also confound determination of true bleeding 
incidence. The majority of trials testing GPIIb/IIIa inhibitors, for example, did not 
use a P2Y12 antagonist during percutaneous coronary intervention (PCI) despite 
this being a current standard of practice, and many venous thromboembolism (VTE) 
trials assessing UFH used a different dose than that used currently in most 
practices.’”7®.!® As a result, it is difficult to compare the incidence of bleeding 
events between the trials. 


MECHANISMS 


The coagulation cascade pathway involves a series of serine proteases leading to 
the eventual generation of fibrin (Figure 45-1). The platelet aggregation pathway 
provides platelet plugs via the following events: adhesion of platelets, change in 
platelet shape, release of stimulators from granules such as adenosine diphosphate 
(ADP) and thromboxane A2 (TXA2), recruitment of additional platelets, and 
aggregation of platelets. Importantly, these two pathways are interconnected. For 
example, thrombin, which cleaves fibrinogen to fibrin in the coagulation cascade 
pathway, is a powerful stimulator of platelet aggregation.'™ In addition, the 
activation of the coagulation cascade largely takes place on the surface of activated 
platelets! 
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Coagulation cascade pathway Platelet aggregation pathway 
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Y | 
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’ ’ 
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1. - de ob 
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| { 
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FIGURE 45-1 Coagulation Cascade and Platelet Aggregation Pathways 
ADP = adenosine diphosphate, TXA2 = thromboxane A2. 


ANTICOAGULANTS 


Anticoagulants inhibit the activity or production of one or more serine proteases in 
the coagulation cascade pathway and can be divided into two groups: (1) drugs that 
directly block the activity of the pre-existing coagulation factors and (2) drugs that 
inhibit the production of coagulation factors (Table 45-3). 


In the first group, some drugs inhibit one specific coagulation factor whereas 
others block multiple factors. Direct factor Xa inhibitors (apixaban, rivaroxaban, 
and edoxaban) inhibit only factor Xa. Low-molecular-weight heparins (LMWHs) 
block both factor Xa and thrombin, although they have a higher affinity for factor 
Xa.!© UFH and LMWHs require an endogenous molecule, antithrombin, for full 
anticoagulation activity; antithrombin is necessary for these agents to inhibit both 
thrombin and factor Xa and provide an anticoagulant effect.!® 


The second group includes VKAs. Vitamin K is an essential cofactor for the 
posttranslational y-carboxylation of glutamyl residues on the vitamin-K—dependent 
coagulation factors (II, VII, IX, and X). VKAs also target vitamin K epoxide 
reductase, a substance involved in the process of vitamin K recycling.!©°!® As a 
result, VKAs reduce the production of functional vitamin-K—dependent coagulation 
factors. 


ANTIPLATELET DRUGS 


Antiplatelet drugs can be divided into two groups according to their site of action 
in the platelet aggregation pathway. Agents in the first group antagonize stimulators 
of platelet aggregation, and those in the second group interfere with the binding of 
stimulated platelets to each other (Table 45-3). 
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ANTICOAGULANTS 


Direct factor Xa inhibitors (apixaban, edoxaban, 
fondaparinux, rivaroxaban) 


Direct thrombin inhibitors (argatroban, bivalirudin, 
dabigatran) 


Low-molecular-weight heparin (e.g., dalteparin, 
enoxaparin, tinzaparin, etc.) 


Unfractionated heparin 


Vitamin K antagonists (acenocoumarol, fluindione, 
phenprocoumon, warfarin) 


ANTIPLATELET DRUGS 
Anagrelide 

Aspirin 

Cilostazol 

Dipyridamole 


Glycoprotein IIb/IIIa inhibitors (abciximab, eptifibatide, 
tirofiban) 


P2Y 12 receptor antagonists (cangrelor, clopidogrel, 
prasugrel, ticagrelor, ticlopidine) 


OTHER AGENTS 
Defibrotide 


NSAIDs 
SSRIs 
Thrombolytics (alteplase, reteplase, tenecteplase) 


Vorapaxar 


Table 45-3 Mechanism of Drug-Induced Bleeding 






Mechanism 


Inhibition of factor Xa 
Inhibition of thrombin (factor IT) 
Inhibition of both thrombin and factor Xa 


Inhibition of both thrombin and factor Xa 
Depletion of coagulation factors I], VII, [X, and X 


Interference with maturation of megakaryocytes 
Inhibition of production of TXA2 by inhibiting COX 
Inhibition of phosphodiesterase HI 

Inhibition of uptake of adenosine by platelets 


Prevention of fibrinogen from binding by blocking 
glycoprotein IIb/IIIa receptors on platelets 


Inhibition of adenosine diphosphate receptors on 
platelets 


Increasing tissue-type plasminogen activator function 
and decreasing plasminogen activator inhibitor- 1 
activity 

Inhibition of production of TXA2 by blocking COX 
Inhibition of serotonin uptake by platelets 
Degradation of fibrin by activating plasminogen to 
plasmin 


Prevention of thrombin from binding to protease- 
activated receptors on platelets 


COX = cyclooxygenase, NSAID = nonsteroidal anti-inflammatory drug, SSRI = selective serotonin reuptake 


inhibitor, TXA2 = thromboxane A2. 


Aspirin, clopidogrel, 


prasugrel, 


ticagrelor, cangrelor,  ticlopidine, 


dipyridamole, vorapaxar, and cilostazole belong to the first group. Aspirin inhibits 
cyclooxygenase (COX), an enzyme important in generating TXA2, a stimulator of 
platelet aggregation. P2Y12 antagonists block the binding of ADP, another 
stimulator of platelet aggregation, to its receptors on platelets. Dipyridamole does 
not antagonize platelet receptors, but instead interferes with uptake of ADP into 
platelets. Thrombin stimulates the platelet aggregation pathway; it does this by 
binding to protease activated receptors (PAR) on platelets. Vorapaxar antagonizes 
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PAR on platelets. Cilostazol is a phosphodiesterase III inhibitor that increases the 
concentration of cyclic adenosine monophosphate, a secondary messenger 
important in preventing platelet aggregation. The second group, GPIIb/IIIa receptor 
antagonists, directly antagonizes the binding of fibrinogen to GPIIb/II]a receptors 
on platelets, a critical step in platelet plug formation. 


NSAIDs 


Like aspirin, NSAIDs inhibit COX, reducing the production of TXA2.!°° Unlike 
aspirin, which is an irreversible COX inhibitor, NSAIDs are reversible inhibitors. 
As a result, their antiplatelet effect depends, in part, on their half-lives, and 
NSAIDs with short half-lives (e.g., ibuprofen) do not have sustained antiplatelet 
effects. As COX-1 is more responsible for generating TXA2, NSAIDs with a 
higher specificity for COX-2 (e.g., celecoxib) may have reduced antiplatelet effect 
compared to those without COX-2 selectivity.!°’ Additionally, by inhibiting COX, 
aspirin and NSAIDs prevent the synthesis of prostaglandins and inhibit their 
mucosal-protective effects most notably in the gastrointestinal tract.!”° 


SSRIs 


SSRIs also exhibit an antiplatelet effect. Serotonin stimulates platelet aggregation. 
By inhibiting the uptake of serotonin into platelets, SSRIs interfere with this 
process. The antiplatelet effects of SSRIs may be weak because serotonin is a weak 
stimulator of platelet aggregation. !>° 


THROMBOLYTICS 


Thrombolytics are analogs of human tissue plasminogen activator (t-PA). Plasmin, 
an enzyme degrading fibrin, is converted from a precursor, plasminogen, and this 
conversion is facilitated by t-PA. Thrombolytics facilitate the degradation of 
fibrin.'”'! Among the drug classes listed in Table 45-1, thrombolytics are generally 
considered to have the highest bleeding risk followed by anticoagulants, although 
direct comparison is lacking. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Abnormal laboratory values, changes in vital signs, and other physical findings 
(Table 45-4) can suggest the presence of bleeding. Decreased hemoglobin and 
hematocrit levels are common signs of bleeding and sudden drops in hemoglobin 
and hematocrit in a patient receiving a drug known to cause or exacerbate bleeding 
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may indicate drug-induced bleeding!’ Activated partial thromboplastin time 
(aPTT), prothrombin time (PT), and international normalized ratio (INR) can be 
elevated, particularly in patients receiving anticoagulants. A substantial loss of 


blood can compromise hemodynamics, resulting in hemorrhagic shoc 
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Table 45-4 Signs and Symptoms Associated with Drug-Induced 
Bleeding 


Bruises, ecchymosis 

* Decrease in blood pressure, increase in heart rate 

* Decrease in hemoglobin and hematocrit levels 

* Decreased or hazy vision, floating objects in the vision, blindness (bleeding in the eye) 

* Dizziness, lightheadedness, fainting, loss of consciousness 

¢ Elevation of coagulation test results (e.g., activated partial thromboplastin time, prothrombin time, 
international normalized ratio) in patients on an anticoagulant 

* Fatigue, lethargy, coma 

¢ Hematemesis, melena, hematochezia 

¢ Hematuria 

¢ Pain, swelling in the area of bleeding 

* Positive guaiac test 

¢ Symptoms of stroke (inability to speak, facial droop, inability to move part of body, nausea, vomiting, seizure) 


Other signs and symptoms of bleeding may be site specific. A patient with 
gastrointestinal bleeding may present with melena and a positive guaiac test result, 
whereas a patient with intracranial bleeding may show symptoms of stroke (e.g., 
facial droop, inability to speak).!”:'74 Pain can also occur if a hemotoma 
compresses an organ or nerve ending. 


A careful medication history can help clinicians identify the most likely culprit 
drug(s) and the possible site(s) of bleeding. Additional laboratory tests (e.g., occult 
blood) and/or imaging modalities (e.g., computed tomography) can then be used to 
confirm the diagnosis. 


Many disease states can cause signs and symptoms similar to those seen with 
drug-induced bleeding (Table 45-5), and some diseases can cause bleeding 
themselves. Iron-deficiency anemia and anemia of chronic disease, for example, 
decrease hemoglobin levels, and patients with end-stage liver disease typically 
have elevated INR values. In addition, ischemic stroke can cause symptoms that 
may be indistinguishable from those of drug-induced hemorrhagic stroke. Liver 
cirrhosis can lead to esophageal variceal bleeding by increasing portal vein 
pressure gradient, and bladder cancer can cause hematuria. Careful medical and 
medication histories as well as appropriate laboratory tests and imaging are 
essential to differentiate among the various causes and to arrive at a timely and 
accurate diagnosis. 
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Table 45-5 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Bleeding 


« Anemia 

* Cancer (bladder, colon, rectal) 

* Esophageal variceal bleeding 

* Hypotension 

¢ Liver cirrhosis, end-stage liver disease 
¢ Shock 

* Stroke 


* Syncope 
¢ Trauma 
* Tuberculosis 


RISK FACTORS 


Bleeding risk factors are summarized in Table 45-6. Common risk factors include 
older age, female sex, small body habitus, excessive anticoagulation, 
polypharmacy, prior history of bleeding, anemia, and liver or kidney disease.!/>-!77 
With respect to invasive procedures, the duration of the procedure itself, the choice 
of access site (e.g., selection of the femoral versus radial artery during PCI), and 
the use of open versus laparoscopic/arthroscopic procedures can influence 
bleeding risk.!7”-!”? 











Table 45-6 Risk Factors for Drug-Induced Bleeding 


Common risk factors 
+ Age!75,177,180 

- Anemia!76 

* Body size (e.g., weight) 


* Combination antithrombotic therapy (e.g., coadministration of antiplatelet drugs, NSAIDs, and/or 
178,179 
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anticoagulants) 


¢ Diabetes mellitus 


¢ Excessive alcohol intake !80 


* Hepatic dysfunction! 8° 


* History of bleeding! 76.180 


° Hypertension! 80 


¢ Initiation of an anticoagulant! /> 


* Intensity of anticoagulation! / 


° Malignancy! 89 


¢ Non-Caucasians 181 
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97,180 
176,177 


¢ Previous stroke 


* Renal insufficiency 
© Sex! 76,177 


¢ Thrombocytopenia 180,182 


Drug-specific risk factors 


* Drug interactions increasing anticoagulation effect! 84 


Warfarin: 


o CYP2C9 reduced functional allele (e.g., *2, +3) 185,186 
o Decreased dietary intake of vitamin K (for VKA) 


0 Labile INR!87 


Clopidogrel: 
o CYP2C19 gain-of-function allele (e.g.,*/ 7)188 


INR = international normalized ratio, NSAID = nonsteroidal anti-inflammatory drug, VKA = vitamin K 
antagonist. 


Drug-specific bleeding risk factors include genetic polymorphisms and drug— 
drug interactions. Drugs have unique metabolic pathways, and _ genetic 
polymorphisms and concomitant administration of other drugs may influence a 
medication’s metabolic pathway in ways that increase bleeding risk. Warfarin 1s 
metabolized by cytochrome P450 (CYP) 2C9. Carriers of a dysfunctional CYP2C9 
allele, such as CYP2C9*2 and *3, have an increased risk of bleeding compared 
with CYP2C9*//*1 (wild-type allele).!*°:!® Drugs that inhibit CYP2C9, such as 
fluconazole, metronidazole, amiodarone, and sulfamethoxazole—trimethoprim, can 
also increase the risk of bleeding in patients taking warfarin. Additionally, 
clopidogrel, a prodrug, is activated by CYP2C19. Carriers of the gain of function 
CYP2C19*17 allele may have an increased risk of clopidogrel-associated bleeding 
compared with noncarriers of the allele because CYP2C19*17 increases 
conversion of the inactive prodrug to active clopidogrel.!”” 

Many risk assessment tools (e.g., HAS-BLED, HEMORR2HAGES, ATRIA) 
have been developed to stratify the risk of bleeding. !*°.!8”-!°! These tools have been 
validated in patients with atrial fibrillation; however, they may also prove useful in 
other situations such as in patients being treated for VTE.!°°:!87:!91!9? Each tool 
utilizes a scoring system to assign a value to each risk factor, the summed total 
providing an assessment of overall bleeding risk, which can be labeled as low, 
intermediate, or high. For example, HAS-BLED, which predicts 1-year risk of 
major bleeding, assigns 1 point for the presence of a risk factor listed in Table 45- 
7. Patients with a score >3 are considered to be at high bleeding risk. 
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Table 45-7 HAS-BLED Risk Assessment Scoring Systems!87 


Hypertension 1 point 

Abnormal kidney or liver function 1 point for each (2 max) 
Stroke 1 point 

Bleeding (history, anemia, predisposition) 1 point 

Labile INR 1 point 

Elderly (+65 yr) 1 point 

Drugs and alcohol 1 point (antiplatelet treatment) 


1 point (=8 drinks/wk) 
2 points for both 


Ascore of3 or above indicates a high bleeding risk 


Which tool provides the best assessment of risk is currently unknown.!?*! In 


addition, many of the risk factors incorporated into the tools are also risk factors 
for thrombosis (and are also included in tools used to stratify the risk of 
thrombosis). For example, the CHA2DS2VASc score, a tool used to predict the risk 
of ischemic stroke in patients with atrial fibrillation, includes blood pressure, 
history of previous stroke, and age in its risk assessment.!°° A patient who is 
predicted to have a high risk of thrombosis based on the CHA2DS2VASc score, 
therefore, would also likely have a high risk of bleeding using HAS-BLED, 
HEMORR2HAGE, or ATRIA scores. Clinicians should be aware of these 
limitations when using these tools. 


MORBIDITY AND MORTALITY 


Hemorrhage is the most common and significant adverse event associated with 
anticoagulants, antiplatelet drugs, NSAIDs, and thrombolytics; however, morbidity 
and mortality vary among the different classes and incidences are not well 
established. Bleeding morbidity and mortality associated with SSRIs is even less 
well characterized, but their common concomitant use with anticoagulants, 


antiplatelet drugs, and NSAIDs can affect these outcomes. !?”-20? 


ANTICOAGULANTS 


Anticoagulants are widely accepted as high-risk drugs with respect to medication 
errors that can cause morbidity and mortality.*°! Major bleeding associated with 
therapeutic anticoagulation has been linked to increased length of hospital stay, 
higher total hospitalization costs, and higher costs for outpatient medical service 
and emergency department claims.””” Intravenous (IV) UFH infusions in particular 
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come with a high propensity for error and high mortality rates when compared to 


warfarin and LMWH.”"! Bivalirudin has been associated with a lower incidence of 
bleeding than UFH (used alone or with GPIIb/IIIa inhibitor) when used for PCI; 
however, the effect on mortality is not clear.°®°’7°> Major bleeding secondary to 
therapeutic parenteral anticoagulation with UFH or LMWH in the intensive care 
unit (ICU) has been shown to increase length of ICU stay, overall hospital stay, and 
in-hospital mortality.2°4? 

Warfarin consistently tops the list of medications implicated in adverse drug 
event-related emergency department visits and admissions.2°°*°’ The bleeding 
frequency associated with warfarin is approximately 15% to 20% per year, with 
life-threatening bleeds occurring at a rate of 1% to 3% annually.2°%?" Major 
bleeding mortality associated with warfarin has been reported as high as 15%.7!° 
Warfarin-associated ICH is especially serious because of its significant morbidity 
and mortality.7!! In a prospective study of patients admitted for ICH, patients 
receiving warfarin had earlier and higher rates of mortality than others, and those 
who survived the bleeding event had significantly higher costs and increased 
lengths of hospital stay.*!* There are likely many factors that influence mortality 
with warfarin. One study demonstrated warfarin use increased the incidence of ICH 
with age and INR >3.5 associated with a significant increase in mortality.*!° 

Compared to warfarin, DOACs are associated with reduced all-cause, 
vascular, and bleeding mortality.7!4 This benefit of reduced bleeding mortality, 
however, does not appear to apply to patients age 75 years or older.”!> In a single- 
center prospective cohort study of patients seen in the emergency department for 
severe bleeding from dabigatran, rivaroxaban, or apixaban, 83% were hospitalized 
with an average length of stay >1 week. Almost 30% of patients required an ICU 
level of care and 20% required reversal of the anticoagulant; 30-day mortality was 
24% overall.?!© The costs associated with DOAC-related bleeding have not been 
well defined.*!’ One study found DOAC-related bleeding was associated with 
shorter length of hospital stay compared to warfarin-related bleeding, a factor that 
could reduce the cost of treatment.7!* Nevertheless, the actual costs of treating 
DOAC-related bleeding are unknown because relatively few antidotes are 
available and experience with them is relatively limited.?!-77! 


ANTIPLATELET DRUGS 


Major bleeding post-PCI is associated with increased mortality and major adverse 
cardiovascular events, and bleeding secondary to the combination of antithrombotic 
medications used for acute coronary syndrome has been linked to increased 
mortality, nonfatal myocardial infarction, and stent thrombosis.'??? The 
concomitant use of GPIIb/IIIa inhibitors with UFH for PCI is correlated with more 
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post-PCI bleeding than UFH or bivalirudin alone; however, bivalirudin has been 
associated with more ischemic events.°> There is conflicting evidence regarding 
bleeding mortality associated with GPIIb/IIIa inhibitors for PCI, with some trials 
suggesting no increased risk over anticoagulation alone and others reporting 
significantly increased risk.?7>74 

With respect to oral antiplatelet therapy, prasugrel and ticagrelor are more 
potent than clopidogrel and have a higher association with bleeding.?”!007> 
However, the impact of these factors on morbidity and mortality is not well 
established. One study evaluated patients undergoing PCI for acute coronary 
syndrome and found no difference in in-hospital bleeding leading to prolonged 
hospital stay among clopidogrel, prasugrel, and ticagrelor. However, patients were 
followed for only 30 days post-PCL.?*° Cangrelor, an IV P2Y12 inhibitor, is 
associated with a higher risk of bleeding than clopidogrel; however, associated 
morbidity and mortality are unknown.””’ Further studies are needed to characterize 
the morbidity and mortality associated with the oral P2Y12 inhibitors. 


NSAIDs AND ASPIRIN 


The incidence of NSAID-induced bleeding depends on the drug and the dose. 
Higher risk of upper gastrointestinal bleeding is seen when daily doses of 2,400 mg 
ibuprofen, 100 mg diclofenac, 1,000 mg naproxen, and 20 mg piroxicam are 
used.?78 In patients who experience upper gastrointestinal bleeding secondary to 
NSAIDs (including aspirin), mortality is estimated at 20%.??? Additionally, 
NSAIDs were associated with approximately 30% of hospitalizations due to 
adverse drug reactions in one study, with aspirin-related reactions accounting for 
the majority of cases.?*? 

Aspirin use in the United States is widespread, with over 30% of adults age 40 
years or older reporting taking preventive aspirin.**' Aspirin can induce bleeding 
at any dose, and aspirin-induced moderate and major bleeding has been associated 
with increased all-cause mortality, which includes bleeding and cardiovascular 
related mortality.2>*774 Aspirin is commonly used concomitantly with other 
antiplatelet agents (e.g., GPIIb/IIIa inhibitors, P2Y12 inhibitors), and, although the 
combination increases the risk of bleeding and mortality, the extent of that effect has 
not been well defined.?*>*° 


THROMBOLYTICS 


Thrombolytic therapy is indicated for treatment of ischemic stroke, ST-segment 
elevation myocardial infarction (STEMI), and acute pulmonary embolism (PE); 
morbidity and mortality varies with indication. The rates of ICH associated with 
thrombolysis for stroke, STEMI, and acute PE are approximately 7%, 1%, and 
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1.5%, respectively.7?’7" Thrombolytic-associated ICH is best characterized in the 
stroke population where the mortality rate appears to range from 30% to 
50%.*4!2* The average total cost of care for stroke in patients who receive 
thrombolysis ranges between $70,000—80,000, but the specific cost of managing 
thrombolytic complications and the impact on aspects such as hospital length of 
stay is unclear.?”? 


SSRIs 


Morbidity and mortality from bleeding associated with SSRIs are mostly described 
in patient populations with significant comorbidities (e.g., stroke, coronary artery 
bypass graft surgery, ICU admission), and outcomes vary from study to 
study. !°?743 One study suggested patients taking SSRIs prior to experiencing 
hemorrhagic stroke have increased stroke severity and mortality, and another study 
linked initiating SSRI therapy in patients admitted for peptic ulcer bleed to 
increased mortality. !”!9?743 More research is warranted to elucidate the actual 
impact of SSRI-associated bleeding. 


PREVENTION 


Prevention of drug-associated bleeding is multifaceted; general prevention 
strategies are included in Table 45-8. A key step in the prevention of drug- 
associated bleeding is to carefully weigh a patient’s risk for bleeding (Table 45-6) 
against his or her risk for experiencing a thrombotic event prior to initiating therapy 
with a medication known to carry a risk of hemorrhage. 


Appropriate laboratory monitoring is also important. Activated partial 
thromboplastin time is most commonly used to monitor [V UFH and direct thrombin 
inhibitor (DTI) therapy. Target aPTT values for UFH monitoring vary based on 
indication and type of reagent used in the laboratory; for DTI therapy, a target aPTT 
from 1.5 to 3 times the control is typically used.74?-7>! A customary protocol for 
monitoring aPTT would include collection at the time of initiation of the infusion, 6 
hours after initiation, 6 hours after any dosing rate changes, and then at least once 
daily if the patient remains at a constant drip rate.**° Antifactor Xa can also be used 
to monitor [IV UFH but is more typically used as a parameter to measure the 
anticoagulant effect of LMWH in special populations (e.g., patients with 
obesity).*>* The goal antifactor Xa range in adult patients is 0.6—1 anti-Xa units/mL 
for twice daily enoxaparin and >1 anti-Xa units/mL for once daily enoxaparin and 
dalteparin. !©7*4 


Table 45-8 Approaches to Prevent Drug-Associated Bleeding 
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* Gastroprotective therapy (e.g., proton pump inhibitors are preferred over histamine receptor antagonists) is 


indicated in the following scenarios to prevent GI bleeding:246-248 


o Dual antiplatelet therapy + history of GI ulcer or bleed 
o Dual antiplatelet therapy + multiple risk factors for GI bleed (multiple concomitant NSAIDs, high-dose 
NSAIDs, concomitant anticoagulant, age >75, corticosteroid use, hemodialysis) 

¢ Institutional order sets and protocols should be implemented for initiation, titration, and laboratory monitoring 
of continuous IV infusion unfractionated heparin or direct thrombin inhibitors 

* Medications should be reviewed for renal dosing adjustments or contraindications to renal insufficiency (e.g., 
DOACs, parenteral DTIs, eptifibatide, tirofiban, NSAIDs) 

¢ Patients receiving warfarin or DOACs should be educated regarding the indication/duration of therapy, 
monitoring, drug—drug interactions, drug—nutrition interactions, and signs and symptoms of bleeding 

¢ Patients treated with LMWH should be educated on proper administration technique and, if appropriate, 
bridging instructions 

* Polypharmacy should be avoided if possible (e.g., patients receiving warfarin therapy who undergo PCI may 


not need triple antithrombotic therapy with warfarin, aspirin, and clopidogrel! 79,244,245 ) 


DOAC = direct-acting oral anticoagulant, DTI = direct thrombin inhibitor, GI = gastrointestinal, [V = 
intravenous, LMWH = low-molecular-weight heparin, NSAID = nonsteroidal anti-inflammatory drug, PCI = 
percutaneous coronary intervention. 


INR, which is derived from PT, is the gold standard for monitoring VKA 
therapy. Indication determines the desired target INR, and INR should be monitored 
regularly.*°>?*° In the hospital, patients on warfarin should receive daily INR 
monitoring until therapeutic for at least two consecutive results.7°> Once this is 
achieved and the patient is on a stable dose, less frequent monitoring can be 
employed. In the outpatient setting, monitoring is more frequent for patients starting 
therapy (e.g., once every few days) and can be less frequent for patients who are 
stable (e.g., every 4-6 weeks).7>° 


Although DOACs are marketed as not requiring any coagulation laboratory 
monitoring, some situations (e.g., need for emergent surgical procedures or concern 
regarding possible overanticoagulation) require measurements to be made. In the 
RE-LY trial, steady-state trough concentrations for patients taking dabigatran 150 
mg twice daily ranged from approximately 40 ng/mL to 215 ng/mL; however, these 
concentrations have not been correlated with clinical outcomes to permit use in 
therapeutic monitoring.2°’ PT and INR are increased by dabigatran but are 
insensitive to high concentrations.”>*7°° Diluted thrombin clotting time and ecarin 
clotting time correlate linearly to dabigatran concentrations but are not yet widely 
available.*°°*°? Specific anticoagulation laboratory parameters have been 
investigated for factor Xa inhibitor monitoring. Chromogenic antifactor Xa assays 
correlate linearly with direct Xa inhibitor plasma concentrations and utility may 
increase as more data accumulate.*°!7°* Unfortunately, none of these laboratory 
values or assays has been clinically proved to predict therapeutic effectiveness or 
incidence of bleeding. As a result, to help optimize safety, clinicians should be 
familiar with DOACs pharmacokinetic properties (Table 45-9). For example, all 
DOACs are excreted to some extent by the kidney, so creatinine clearance can be 
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used to help anticipate and avoid drug accumulation. Additionally, an understanding 
of the metabolism of these medications can help clinicians identify and avoid 
potential interacting medications that can increase anticoagulant effect. 


Table 45-9 Dosing and Pharmacokinetic Properties of DOACSs 


Apixaban Edoxaban 





Typical standard dose | 150 mg twice daily 20 mg daily (15 mg_ | 5 mg twice daily 60 mg daily 
twice daily for first 
3 weeks of VTE 
treatment) 

Half-life (h) : 5-9 10-14 


11-13 (elderly) 
Time to peak plasma 
concentration (h) 


Urinary excretion (%) 35 27 50 








Renal dosing 75 mg twice daily for CrC] 15-30 15 mg daily for CrCl | 2.5 mg twice daily if | + Avoid for CrCl 
adjustment mL/min 15-50 mL/min two risk factors: age >95 mL/min 
>80, body weight ¢ 30 mg daily 

60 kg, for CrCl 
SCr>1.5 mg/dL, 15-50 mL/min 
concomitant CYP3A4 

and P-gp inhibitors 








Protein binding 55% 
Drug interactions Concomitant P-gp inducer Concomitant strong | Concomitant strong | Concomitant P-gp 
requiring dose (rifampin), contraindicated P-gp and CYP3A4 P-gp and CYP3A4 inhibitor, reduce 


adjustment VTE Indication inhibitors”; avoid inhibitors*; reduce dose to 30 mg 
« Any P-gp inhibitor,* avoid use use apixaban dose by 

50% (to 2.5 mg twice 

daily) 


AEF Indication 

« Dronedarone or ketoconazole 
and CrCl 30-50 mL/min and 
atrial fibrillation indication, 


reduce dose to 75 mg twice daily 


Any P-gp inhibitor and CrCl 
<30 mL/min; avoid use 





AF = atrial fibrillation, CrCl = creatinine clearance, DOAC = direct-acting oral anticoagulant, P-gp = P-glycoprotein, VTE = venous 
thromboembolism. 

‘Amiodarone, clarithromycin, dronedarone, quinidine, verapamil. 

*Ketoconazole, itraconazole, posaconazole, ritonavir. 

‘Clarithromycin, ketoconazole, itraconazole, ritonavir. 

“Verapamil, quinidine; the short-term use of azithromycin, clarithromycin, erythromycin, oral itraconazole, oral ketoconazole. 


There are no specific therapeutic drug-monitoring parameters for antiplatelet 
drugs, thrombolytics, or SSRIs; however, standard hematology laboratory values 
(e.g., hemoglobin, hematocrit, platelets, etc.) should be assessed. Renal function 
should also be evaluated at baseline and periodically for patients on regular 
NSAID therapy. 


There are a number of prophylactic measures that can be effectively used to 
minimize bleeding risk. Medication regimens that increase the risk of 
gastrointestinal bleeding may necessitate the addition of gastroprotective therapy. 
Patients requiring DAT following myocardial infarction should receive 
gastroprotective therapy with a proton pump inhibitor (PPI) if they have a history of 
gastrointestinal bleeding, concomitant anticoagulant therapy, and/or chronic NSAID 
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or corticosteroid use.**”7°? PPIs have been shown to have better protective effects 


than the histamine receptor antagonists.74”7™ There is, however, controversial 
evidence that PPIs interact with antiplatelet regimens by decreasing the 


antithrombotic effects and increasing the risk for cardiovascular events.?°>7>-267 


MANAGEMENT 


Management of drug-induced bleeding requires both nonpharmacological and 
pharmacological measures to achieve hemostasis and/or reversal of anticoagulant 
effect. Nonpharmacological measures are listed in Table 45-10. 


Table 45-10 Nonpharmacological Measures for Management of 


Drug-Associated Bleeding2®8.269 

¢ Apply pressure to the source of bleeding, if possible, and stop the offending agent 

¢ Assess hepatic and renal function; estimate half-life and time to washout of offending agent 

* Obtain information regarding timing and amount of last dose of offending agent 

¢ Order complete blood cell count and other pertinent anticoagulation laboratory values (e.g., aPTT, PT/INR, 
antifactor Xa) as appropriate to assess level of antithrombotic effect 

¢ Plan for radiological interventions, endoscopy, or surgery as appropriate 





aPTT = activated partial thromboplastin time, INR = international normalized ratio, PT = prothrombin time. 


ANTICOAGULANTS 


Hemostasis is most rapidly achieved via administration of hemostatic agents (e.g., 
prothrombin complex concentrates [PCCs], fresh-frozen plasma [FFP]) and, if 
available, targeted reversal agents (e.g., idarucizumab, vitamin K, and protamine). 
Severity, site of hemorrhage, and time frame for achieving hemostasis should guide 
reversal strategy; not all bleeding requires administration of hemostatic agents, and 
caution should be exercised given the risk of thrombotic adverse events associated 
with some agents.7°”?/! Table 45-11 lists characteristics of reversal agents, and 
Figures 45-2 and 45-3 describe anticoagulant reversal strategies. 
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Table 45-11 


Characteristics of Reversal Agents and Hemostatic Agents 





REVERSAL AGENTS 


Idarucizumab Monoclonal antibody 
directly neutralizes the 


effects of dabigatran 


Protamine Binds heparin molecules to 
form inactive salt 

Vitamin K Cofactor for hepatic 

(phytonadione) production of factors II, 
VU, IX andX 

HEMOSTATIC AGENTS 


3-factor prothrombin 
complex concentrate 
(PCC-3) 


Replaces coagulation 
factors II, IX, and X, in 
concentrations 25 times 
that of FFP 


4-factor prothrombin 
complex concentrate 
(PCC.-4) 


Replaces coagulation 
factors II, VII, IX, and X, 
in concentrations 25 times 
that of FFP 


Activated PCC (e.g. | Replaces coagulation 
factor eight inhibitor | factors II, IX, X, and 
bypass activity activated VII 
{FEIBA]) 


Fresh-frozen plasma 
(FFP) 


Replaces coagulation 
factors lowered by 

warfarin (II, VII, IX, and X) 
at lower concentration than 
PCCs 

Replaces activated factor 
Vil 


Recombinant 
activated factor VII 
(rFV Ia) 


2.5g x 2 IV boluses (5 g total) within 15 minutes of 
each other 


For IV unfractionated heparin: | mg protamine per 


100 units of heparin, (max dose 50 mg) 
¢ Must account for UFH infused over preceding 
2-3 hours 
« Use 0.5 mg/100 units IF drip is held >60 minutes 
« Use 0.25 mg/100 units IF drip held >2 hours 
For LMWH: | mg/100 anti-Xa units within 8 hours 
of last enoxaparin dose or 24 hours of dalteparin 
dose 
Variable: 
« 2-2.5 mg PO vitamin K is recommended for 
INR >10 without bleeding 
Low doses of IV vitamin K (e.g., 0.5-1 mg) 
are effective in causing partial reversal at 
24-48 hours 





For warfarin: 

* INR <2: 20 units/kg 

« INR 2-4: 30 units/kg 

« INR >4: 50 units/kg 

For dabigatran or factor Xa inhibitor: Up to 

50 units/kg 

For warfarin: 
INR 2 to <4: 25 units/kg (maximum dose 
2,500 units) 


INR 4-6: 35 units/kg (maximum dose 
3,500 units) 


INR >6; 50 units/kg (maximum dose 
5,000 units) 


For dabigatran or factor Xa inhibitor: 
+ Upto 50 units/kg 


8-25 units/kg”” 


5-20 mL/kg IV (~10 mL/min) 


2nd-line therapy for fondaparinux; 90 meg/kg* 





* Immediate 
Duration: 

+ Upto 24 hours 
Onset: 

« ~5 minutes 


Onset: 
« PO 12-24 hours 
¢ IV 4-12 hours 





Onset: 
« ~5-15 minutes 
Duration: 

12-24 hours 


Onset: 
« ~5-15 minutes 


Duration: 
¢ 12-24 hours 





Onset: 

« ~5-15 minutes 
Duration: 

« 8-12 hours 
Onset: 

« ~1-4 hours 
Duration: 


¢ <6 hours 


Onset: 
« -~5-10 minutes 
« 4-6 hours 


INR = international normalized ratio, 1V = intravenous, LMWH = low-molecular-weight heparin, PCC = prothrombin complex 


concentrate, UFH = unfrationated heparin. 
"Doses of | mg IV are typically sufficient.” 
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Nonemergent Bleeding 






Determine desired 
lime to hemostasis 


Minutes to Hours Up to 24 Hours 












1. Hold anticoagulant 

2. Consider reduced 
dose reversal/ 

procoagulant agents 


1. Hold anticoagulant 


FIGURE 45-2 Oral Anticoagulant Reversal Algorithm: Nonemergent 


Bleeding 
Emergent Bleeding 
(requiring reversal/hemostasis within minutes) 






Determine which 
anticoagulant was used 

















Dabigatran Factor Xa Inhibitors 















1, Hold anticoagulant 
2. Administer vitamin K 10 mg IV 
3. Administer PCC-4 


1. Hold anticoagulant 1. Hold anticoagulant 
2. Give activated charcoal (if last 2. Give activated charcoal (if last 
dose within 2 hours) dose within 2 hours; may repeat 
3. Initiate prolonged hemodialysis if in 6 hours) 
possible (may need reduced dose 3. Administer aPCC or PCC-4 
aPCC for hemodialysis line 
placement) 
4. Administer idarucizumab 
a. If idarucizumab not 
available, administer aPCC 
or PCC-4 





FIGURE 45-3 Oral Anticoagulant Reversal Algorithm: Emergent Bleeding 


aPCC = activated prothrombin complex concentrate, IV = intravenous, PCC-4 = 4-factor prothrombin complex 
concentrate. 


For heparin-related hemorrhage, protamine is the agent of choice; however, 
protamine should only be used to reverse therapeutic doses of UFH or LMWH.” 
When managing bleeding associated with IV UFH, the length of time the patient has 
been receiving the infusion, whether or not therapeutic aPTT values have been 
achieved, and when the infusion was stopped should be considered. Additionally, 
clinicians must account for the amount of UFH infused over the 2-3 hours 
preceding discontinuation of the drip. The maximum dose of protamine is 50 mg 
due to a paradoxical anticoagulant effect that can occur at high doses.*”>?’° It is 
important to note that protamine only partially reverses LMWHs.””’ The timing of 
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the last LMWH dose must be determined because protamine should only be used 
within 8 hours of the last enoxaparin dose or within 24 hours of last dalteparin 
dose.?/4 


Vitamin K is central to the management of warfarin-associated bleeding. It is 
available in oral, subcutaneous, and IV formulations. Oral vitamin K is preferred 
for nonemergent, minor bleeding or for patients presenting without bleeding but 
with an INR >10.7/° Because oral vitamin K has a slower onset of action and 
subcutaneous vitamin K has erratic absorption properties, IV vitamin K is preferred 
for the management of emergent, major bleeding.*”*7/°7/? The dose of IV vitamin K 
typically ranges from 0.5 mg to 10 mg, with larger doses associated with a longer 
duration of action but not a greater INR reduction.*®° For management of warfarin- 
associated ICH, an IV dose of 10 mg is recommended.*” Because vitamin K does 
not have an immediate onset, it should be used with a hemostatic agent to manage 
emergent, major bleeding. Prothrombin complex concentrates are considered first 
line for warfarin-associated ICH and are dosed based on INR.?”4 FFP should only 
be used if PCCs are not available or are contraindicated. 


Idarucizumab is the first-line agent for treating dabigatran-associated ICH.7”* It 
is a monoclonal antibody that directly binds dabigatran, and dabigatran’s affinity 
for idarucizumab 1s approximately 350 times greater than its affinity for thrombin. It 
is administered in two 2.5-g bolus doses (total dose 5 g) that should be given no 
more than 15 minutes apart. Idarucizumab should be given within 3—5 half-lives 
(approximately 24 hours) of the last dabigatran dose in patients with normal renal 
function. For patients with renal insufficiency, idarucizumab can be given without 
regard to the last dabigatran dose. If idarucizumab is not available or is 
contraindicated, activated PCC (aPCC) or 4-factor PCC (PCC-4) can be utilized. 
Because dabigatran is not highly protein bound, it can be removed via 
hemodialysis. However, prolonged hemodialysis is required to avoid rebound 
anticoagulant effect.7*! In addition, insertion of a dialysis catheter may increase a 
patient’s risk for further bleeding. 

Both aPCC and PCC-4 are considered first-line agents for managing factor Xa 
inhibitor-associated ICH and, like idarucizumab for dabigatran, should be given 
only within 3—5 half-lives of the last factor Xa inhibitor dose.?”* Activated 
charcoal is also recommended if the last dose of dabigatran or factor Xa inhibitor 
was within 2 hours. 

Prior to the availability of PCC-4, recombinant activated factor VII (rF VIIa) 
was recommended for reversal of warfarin-associated bleeding. However, given 
its higher associated risk of myocardial infarction and thrombosis, its use in 
managing anticoagulant-associated bleeding is limited to second-line therapy for 
fondaparinux-related bleeding.?” First-line therapy for fondaparinux-associated 
ICH is aPCC. Additionally, rFVI[a can also be considered for reversal of 
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parenteral DTI-associated bleeding, although given the relatively short half-life of 
these agents, simply stopping the infusion may be sufficient in achieving 
hemostasis.7/47°2 


As previously described, hemostatic agents may increase the risk for 
thrombotic events, and reversing the effects of anticoagulant agents will also 
increase a patient’s risk for thrombosis. Furthermore, all DOACs have a boxed 
warning for premature, abrupt discontinuation leading to increased risk of 
thrombotic event.?***4 Thus, when managing anticoagulant-associated bleeding, 
clinicians should continue to consider patients’ risks for thrombosis and factor 
restarting anticoagulation therapy into treatment plans. 


ANTIPLATELET DRUGS, ASPIRIN, AND NSAIDs 


Strategies to manage antiplatelet-associated bleeding include general 
nonpharmacologic measures, and in cases of critical bleeding, platelet 
transfusion.2°°*"* To avoid pharmacologic inhibition of transfused platelets, 
transfusion should occur 3-5 half-lives after the last antiplatelet dose. 
Desmopressin can be considered and is administered intravenously as a single dose 
of 0.4 meg/kg.?4 


It should be noted that platelet transfusion is ineffective at reversing GpIIb/IIa 
inhibitors, but because of their short half-lives, management of GplIIb/II]a- 
associated bleeding typically requires only discontinuation of the agent and 
supportive care. Similarly, NSAID-associated hemorrhage is managed primarily by 
discontinuation of the offending agent along with nonpharmacologic and supportive 
measures. 


THROMBOLYTICS 


Several mechanisms are involved with fibrinolytic/thrombolytic-associated 
bleeding, so management strategies employ several different agents. Institutional 
protocols typically include the use of FFP, cryoprecipitate (10 units), vitamin K, 
platelets, and antifibrinolytics (aminocaproic acid 4—5 g or tranexamic acid 10—15 
me/kg) 268:274,285-288 


INFORMATION FOR PATIENTS 


Patient education is crucial to the prevention of drug-associated bleeding. Patients 
should be familiar with how the various medications will impact their activities of 
daily living and should be taught to detect signs and symptoms of major or minor 
bleeding. It is imperative that patients understand when to seek medical treatment. 
For patients receiving anticoagulation therapy, providers can _ consider 
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recommending patients follow up at an anticoagulation clinic. Education programs 
are key elements of these clinics, and anticoagulation clinic patients receiving 


warfarin experience fewer adverse events. 


289-291 


Providers should discuss the risks of polypharmacy with patients. Patients 
should be encouraged to share updated medication lists (including nutritional 
supplements and over-the-counter medications) with all healthcare professionals 
involved in their care. 
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CHAPTER 46 


Thrombocytopenia 


Kellie Jones Weddle and Patrick J. Kiel 


Thrombocytopenia is typically defined as a platelet count <150,000/mm° or a 
>50% decrease in the count from baseline.! Thrombocytopenia is considered to be 
moderate when the platelet count is 20,000—150,000/mm? and severe when the 
platelet count falls to <20,000/ mm’. Patients with severe thrombocytopenia risk 
serious bleeding and even death. 


Drug-induced thrombocytopenia is often a diagnosis of exclusion. Laboratory 
confirmation of drug-induced thrombocytopenia is an unusually difficult task 
because of the unavailability of drug-dependent antiplatelet antibodies for testing. 
Nondrug causes (e.g., viruses, intravascular coagulation disorders, or autoimmune 
disorders) must always be ruled out and pseudothrombocytopenia and dilutional 
thrombocytopenia should be excluded as potential causes as well.2 A careful 
review of the patient’s medication history (including current medications and any 
recent changes as well as nonprescription medications, herbal and/or nutritional 
supplements) is essential to help identify and address all potential causes of drug- 
induced thrombocytopenia. Although thrombocytopenia is listed as a possible 
adverse effect of many medications, it is actually considered a rare event. 
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CAUSATIVE AGENTS 


There are many nondrug causes of thrombocytopenia, including human 
immunodeficiency virus, disseminated intravascular coagulation, blood 
transfusions, lupus, and sepsis.° In addition, many herbal supplements have been 
documented to cause precipitous drops in platelet counts. Although discussion of 
these conditions and agents is beyond the scope of this chapter, all should be 
considered as possible causes in any patient with thrombocytopenia. Numerous 
commonly prescribed drugs have been associated with thrombocytopenia and, in 
1998, George and colleagues published an extensive review of drugs known to 
cause this disorder.* This database has continually been updated to include newer 
drugs, with the last update published in 2012.° Classes of medications known to 
cause thrombocytopenia include the cinchona alkaloids, antimicrobial agents, 
platelet inhibitors, antirheumatic agents, anticonvulsants, analgesics, heparins, 
chemotherapeutic agents, and immunosuppressants.° Table 46-1 lists agents 
implicated in drug-induced thrombocytopenia. Many chemotherapeutic agents also 
cause thrombocytopenia, although, in contrast to the agents listed in Table 46-1, the 
thrombocytopenia that occurs during chemotherapy is generally predictable and 
represents an expected consequence of therapy. 


Table 46-1 Agents Implicated in Drug-Induced 
Thrombocytopenia 








Drug Incidence Level of Evidence* 


Abciximab74 0.5—1%: first exposure A 
10-14%: second exposure 





Acetaminophen4 C 
Adefovir dipivoxil5 EG 
Alfuzocin5 NK C 
Alprenolol4 NK C 
Aminoglutethimide4 NK C 
Amiodarone4 NK C 
Aminosalicylic acid4 NK C 
Amphotericin B4 NK C 
Ampicillin4 NK C 
Captopril4 NK C 
Carbamazepine4 NK C 
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Chlordiazepoxide—clidintum bromide75 
Chlorothiazide4 
Chlorpromazine4 
Chlorpropamide4 
Cimetidine4 
Danazol4 
Diazepam4 
Diatrizoate meglumine76 
Diazoxide4 
Deferoxamine4 
Diclofenac4 
Digoxin4 
Efalizumab77 
Ethambutol4 
Etretinate5 
Eptifibatide 74 
Famotidine5 
Fenofibrate83 
Fluconazole4 
Glyburide3 

Gold salts4 
Haloperidoll4 
Heparin6 
Hydrochlorothiazide4 
Interferon a4 
Ibuprofen6 
Tloprost5 

Isoniazid4 
Linezolid54 
Levamisole4 
Lopinavir/ritonavir5 


Methyldopa4 
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Minoxidil4 NK C 
Meloxicam8’2 NK C 
Moxifloxacin8 1 CC 
Nalidixic acid4 NK C 
Naphazoline4 NK C 
Nitroglycerin4 NK C 
Octreotide 74 C 
Oxprenolol4 NK C 
Pentoxifylline84 NK C 
Phenytoin4 NK C 
Procainamide6 C 
Simvastatin78 C 
Sulfasalazine79 C 
Terbinafine75 C 
Thiothixene4 C 
Trimethoprim—sulfamethoxazole4 C 
Sulfisoxazole4 CC 
Valproate53 C 
Vancomycin80 A 


NK = not known. 








aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
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C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


Although the exact incidence of drug-induced thrombocytopenia is not known, it is 


estimated to be approximately 10 cases per 1 million people per year.*° The risk of 
thrombocytopenia in patients receiving trimethoprim-sulfamethoxazole is reported 
to be 38 occurrences per 1 million users and in patients receiving quinine or 


quinidine, the risk is reported to be 26 occurrences for every 1 million users.°® 


MECHANISMS 


Mechanisms of drug-induced thrombocytopenia are diverse and can involve both 
immunologic and nonimmunologic processes (Table 46-2). 





Table 46-2 Mechanisms of Drug-Induced Thrombocytopenia 


Drug Mechanism 

Abciximab, eptifibatide, tirofiban6,25 Drug-dependent antibody recognition of Fab fragment 
and glycoprotein IIb/IIIa neoepitope 

Chloramphenicol,54 linezolid54 Mitochondrial respiration suppression 

Gold salts, procamamide6,17,18 Autoantibodies 

Heparin, low-molecular-weight heparin6,21-24 Antibodies targeting epitope formation of heparin and 


Platelet Factor 4 


Penicillins, cephalosporins and respective metabolites6- | Hapten formation 


8 

Quinine, quinidine, sulfonamides6,12 Compound epitope formation 

Nonsteroidal anti-inflammatory drugs, acetaminophen 

(paracetamol) 

Valproic acid, amiodarone52,53 Nonidiosyncratic concentration-dependent 

Vancomycin80 Vancomycin-dependent antibodies against glycoprotein 
IIb/MIa and unknown glycoproteins 


Covalent bonding between drug molecules (haptens) and autologous proteins has 


been implicated in the production of drug-protein-specific antibodies.’? Evidence 
is insufficient to support this as the mechanism responsible for drug-induced 
thrombocytopenia, however, except in the cases of mild hemolytic anemia and rare 


instances of penicillin-induced thrombocytopenia.!° In general, antibodies are not 
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directed toward a drug (hapten) that is covalently bound to platelets. The “innocent 
bystander hypothesis,” which suggests that an antibody directed toward a drug 
molecule somehow cross-reacts with platelets resulting in thrombocytopenia has 


largely been refuted. !! 


COMPOUND EPITOPE FORMATION 


Quinine, quinidine, sulfonamide antibiotics, and nonsteroidal anti-inflammatory 
drugs or all their respective metabolites may induce thrombocytopenia through the 
formation of new epitope (part drug, part protein) compound.®!* Over a century 
ago, quinine was the first drug recognized to cause severe thrombocytopenia. 
Initially used for the treatment of malaria, quinine can also be found in common 
tonic water, which may be consumed alone or mixed with alcohol for consumption. 
Quinine is also sometimes used to treat nocturnal leg cramps, although this use is 
not approved by the U.S. Food and Drug Administration (FDA) due to the risk of 
adverse reactions. ! 


Quinine is thought to cause glycoprotein (GP) structural modifications via one 
of two possible mechanisms. First, the soluble drug may react with the GP in a 
complementary manner with respect to charge or hydrophobic domain.®!* An 
antibody may then interact with the drug and adjacent peptides, resulting in platelet 
destruction.!'! A second widely accepted possible mechanism is that drug binding 
occurring at one locus induces a structural modification on a GP at another locus, 
leading to antibody binding and subsequent lysis.!! It is known that the fragment 
antigen binding (Fab) region of the antibody is responsible for drug-dependent 
antibody binding.!° The epitopes targeted by these antibodies include GPIIb/IIa or 
GPIb/V/IX complexes. !®!4!6 


DRUG-INDUCED AUTOANTIBODIES 


Rarely, autoantibodies are capable of destroying platelets after drug exposure. Such 
is the case in approximately 1-3% of patients receiving gold therapy for 
rheumatoid arthritis. The onset of gold-induced thrombocytopenia can be either 
rapid or delayed.!’ Patients may present with a sudden drop in platelets, or the 
platelet count may gradually decline over weeks to months. Delayed onset may be 
associated with pancytopenia. Sudden thrombocytopenia has been likened to 
idiopathic thrombocytopenia purpura (ITP), in which there is acute onset of 
immune-mediated platelet destruction with normal megakaryocytes found on bone 
marrow biopsy.!’ Through an unknown mechanism, gold stimulates immunoglobulin 
G (IgG) to target glycoprotein V on platelets.!°!® This autoimmune-mediated 
reaction 1s independent of gold serum concentrations and may temporarily persist 
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even after the drug is discontinued. !* Similar occurrences have been described with 
procainamide but without known GP targets. !?.7° 


HEPARIN-INDUCED THROMBOCYTOPENIA 


Type II heparin-induced thrombocytopenia (HIT) is a result of antibodies targeting 
the epitope formation of heparin and platelet factor 4 (PF4), as opposed to HIT 
Type I which is benign and nonimmune mediated.7!*? PF4 is a cytokine found in 
platelet a-granules and is released in response to platelet aggregation. It is thought 
that PF4 is involved in coagulation, inflammation, and chemotaxis and occurs in 1— 
3% of patients exposed to heparin products.’” Heparin forms a complex with PF4, 
leading antibodies to recognize this entity as a new epitope.7**4 Heparin may also 
cause conformational changes on PF4, where antibodies might be recognized as 
“foreign,” or vice versa.** It is known that IgG, IgM, and IgA antibodies are 
responsible for HIT, with IgG being the most prevalent.?*** Although patients with 
HIT have circulating immunoglobulins for the heparin-PF4 complex, there are 
patients with the same immunoglobulins who do not present with HIT.” 
Thrombosis results from PF4 binding to glycosaminoglycan on endothelial cells, 
leading to the initiation of HIT antibodies targeting those cells. The apoptosis of 
endothelial cells leads to subsequent platelet activation and procoagulant 
reactions.” Platelet activation leads to microparticle release and further 
thrombosis stimulation. HIT can occur regardless of the dose, route, or frequency of 
administration of heparin products. 


FIBRINOGEN [INHIBITORS 


Abciximab, tirofiban, and eptifibatide antagonize fibrinogen at GPIIb/IIa, thereby 
inhibiting platelet-fibrinogen interactions and subsequent thrombus formation.*° 
These agents are used in patients undergoing percutaneous transluminal coronary 
angioplasty to prevent  restenosis.*°~7? Fibrinogen inhibitors cause 
thrombocytopenia within hours of administration in approximately 1% of patients 
after first exposure and in 4% after second exposure.?/7? 

Abciximab is a chimeric Fab fragment derived from a murine monoclonal 
antibody, 7E3. Acute thrombocytopenia, characterized by a decrease in platelet 
count that develops within hours after drug administration, is thought to be caused 
by pre-existing antibodies directed toward murine components of abciximab.®? 
Compared with other fibrinogen inhibitors, abciximab is associated with a more 
severe thrombocytopenia, with platelet counts decreasing to <10,000/mm’. Delayed 
thrombocytopenia is characterized by a decrease in platelet count that develops 
within a week after drug administration and may occur upon re-exposure via newly 
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induced IgG or IgM antibodies that possibly recognize epitopes on abciximab- 
coated platelets.7°7° 

A number of factors have been associated with an increased risk of 
thrombocytopenia in patients receiving a fibrinogen inhibitor, including the 
concomitant administration of aspirin or heparin and the use of intra-aortic balloon 
pumps.°”3! Tirofiban and eptifibatide bind to the Arg-Gly-Asp recognition sites on 
GPUb/IIlla, thereby antagonizing fibrinogen binding and subsequent platelet 
aggregation via platelet-fibrinogen-platelet interactions.*> Specific antibodies 
recognizing drug binding at GPIIb/IIIa have not been identified as a definitive 
pathogenesis. Drug-dependent antibodies may recognize several epitopes because 
of conformational changes conferred from tirofiban or eptifibatide binding.*~’ 
Nonimmune-mediated thrombocytopenia has also been discussed as a possible 
cause, but exact mechanisms have not been identified.”° 


AISTAMINE-RECEPTOR ANTAGONISTS 


Case reports have implicated histamine-receptor antagonists as a possible trigger 
for thrombocytopenia.*” Most reported cases occurred in intensive care units when 
the agents were used for stress-related mucosal injury prophylaxis. Proposed 
mechanisms include bone-marrow suppression via inhibition of stem-cell 
differentiation and formation of IgG antibodies.** However, well-designed 
retrospective and prospective studies have failed to confirm that histamine-receptor 
antagonists are a cause of thrombocytopenia in critically ill patients.***4 


THROMBOTIC THROMBOCYTOPENIC PURPURA 


Thrombotic thrombocytopenic purpura—hemolytic uremic syndrome (TTP-HUS) is 
an inclusive term used to describe multiple causes of a clinicopathologic disorder 
with a fatality rate of 90%. This disorder is characterized by microangiopathic 
hemolytic anemia, erythrocyte fragmentation (schistocytes), thrombocytopenia, and 
other clinical features.*°~° Ensuing complications include renal failure, neurologic 
abnormalities, bleeding, and fever. TTP-HUS can occur as a result of von 
Willebrand factor—cleaving protease deficiency, infections with Escherichia coli 
O157:H7, hematopoietic stem-cell transplantation, and certain drugs.*°°7°? 
Evidence for drug-induced TTP-HUS exists for mitomycin C, cyclosporine, 
tacrolimus, sirolimus, quinine, ticlodipine, clopidogrel, and simvastatin.*>*°40-* 
Drug-induced TTP has been postulated to occur via endothelial damage leading 
to subsequent platelet aggregation, such as with mitomycin C, cyclosporine, 
tacrolimus, and sirolimus.*°*3 In addition, these agents are thought to cause TTP in 
a dose-dependent manner.*° In contrast, quinine-induced TTP is thought to be 
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mediated by antibodies in the presence of soluble drug.*° Quinine-induced TTP has 
been described after brief and even single exposures and is thought to be antibody- 
mediated, although antibodies directed toward von Willebrand factor—cleaving 
protease have not been reported.*°°*" Ticlopidine- and clopidogrel-induced TTP 
are somewhat paradoxical; case reports suggest an association with TTP, but 
mechanisms have not been elucidated.4*“+* Also, the reported incidence of TTP 
associated with these drugs appears to be similar to the incidence of TTP found in 
the general population (<1%).*° 


Table 46-3 Signs and Symptoms Associated with Drug-Induced 


6,22,52 





Thrombocytopenia 


Systemic symptoms 
* Chills 

¢ Dizziness 

* Fatigue 

° Fever 

¢ Nausea/vomiting 


Moderate thrombocytopenia (20,000—150,000 platelets/mm? ) 


* Ecchymosis 

* Microscopic hematuria 
* Petechiae 

* Purpura 


Severe thrombocytopenia (<20,000 platelets/mm? ) 


* Central nervous system hemorrhage 
* Epistaxis 

¢ Florid purpura 

* Gingival bleeding 

* Gross hematuria 

* Hematochezia 

* Menorrhagia 

* Retroperitoneal bleeding 


Heparin-induced thrombocytopenia—specific symptoms 


¢ Anaphylaxis 

* Gangrene 

¢ Skin necrosis 

* Upper and lower extremity deep-vein thrombosis or pulmonary embolism 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Usually patients presenting with drug-induced thrombocytopenia have been 
exposed to the culprit agent for approximately 1—2 weeks; however, symptoms may 
develop immediately after exposure (Table 46-3). Patients may present with 
petechiae, ecchymosis, and purpura. With more severe thrombocytopenia, patients 
may experience epistaxis, hematuria, gingival bleeding, and hematochezia. 
Standardized scoring systems may be helpful to estimate the likelihood of HIT. The 
AT score can be utilized to evaluate the following potential indicators of HIT: (1) 
relative platelet count fall, (2) timing of the onset of the platelet count fall, (3) 
presence or absence of thrombosis, or (4) likelihood of another cause. Each 
indicator is scored on a scale of 0 to +2. The higher the resultant score, the higher 


the likelihood of having HIT.” 


Differentiating between decreased platelet production, increased platelet 
destruction, splenic sequestration of platelets and hemodilution as well as a review 
of a blood smear can help the clinician rule in or exclude various possible causes 
of thrombocytopenia. An abrupt decrease in platelet count usually signifies an acute 
destructive process via immune or nonimmune processes. Decreased 
megakaryocytes on bone-marrow biopsy and pancytopenia are indicative of 
thrombocytopenia due to decreased production. Splenomegaly can lead to 
thrombocytopenia secondary to platelet redistribution in splenic vascular beds. 
Hemodilution may result from the administration of crystalloids, colloids, or even 
platelet-deprived blood products and can result in a relative thrombocytopenia. In 
addition to drugs, one must consider many nondrug causes of thrombocytopenia in 
the differential diagnosis (Table 46-4). 


Table 46-4 Conditions to Consider in the Differential Diagnosis 
22,34,52 





of Drug-Induced Thrombocytopenia 


* Acute lymphoid leukemia 

¢ Acute myeloid leukemia 

¢ Alcohol consumption 

¢ Antineoplastic chemotherapy 

¢ Aplastic anemia 

* Chronic hepatic failure 

* Chronic leukemia 

¢ Disrupted hematopoiesis 

¢ Disseminated intravascular coagulation 
¢ Exposure to blood products 

* Hepatic disease 

* Human immunodeficiency virus 

* Immune (idiopathic) thrombocytopenic purpura 
¢ Insertion of pulmonary artery catheter 
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* Lymphomas 

* Metastatic cancer 

¢ Myelodysplastic syndromes 

¢ Myeloproliferative neoplasia 

* Myeloproliferative syndromes 

* Pregnancy 

* Prosthetic valves 

* Pseudothrombocytopenia (platelet clumping) 
¢ Sepsis 

* Splenomegaly 

¢ Thrombotic thrombocytopenic purpura 
* Vasculitis 


Ethylenediamine tetra-acetic acid, an in vitro calcium-chelating anticoagulant 
used for laboratory processing, reacts with GPIIb/II]a-reactive autoantibodies and 
can cause an electronic particle counter to falsely read blood samples as 
thrombocytopenia.*° This pseudothrombocytopenia is estimated to occur in 
approximately 0.1% of analyzed blood samples and can be avoided by using 
sodium citrate or heparin anticoagulant-treated collection tubes. 

With HIT, platelet counts rarely decrease to <10,000/mm’.*’ Onset of 
thrombocytopenia in a patient not previously exposed to heparin typically occurs 
after 5-10 days of exposure as compared with hours for previously exposed 
patients.** HIT, unlike other drug-induced thrombocytopenias, carries a risk of 
venous thromboembolism rather than petechiae and hemorrhage.7!?7? In addition, 
low-molecular-weight heparins (LMWHs) such as enoxaparin and dalteparin can 
be responsible for HIT. Although anecdotal case reports exist, fondaparinux, which 
binds directly to antithrombin, is considered to have a low potential for HIT.?7>°! 

Heparin is considered one of the most thrombogenic drugs, and patients may 
present with upper-extremity deep-vein thrombosis, lower-extremity deep-vein 
thrombosis, or a pulmonary embolism.*® Patients may also present with heparin- 
induced skin necrosis, gangrene, or anaphylaxis.*!72 

A careful medical and medication history should be obtained for patients 
presenting with thrombocytopenia. The medication history should include details 
regarding recent medication changes and use of complementary and alternative 
medicines. The laboratory evaluation of patients with suspected drug-induced 
thrombocytopenia may include GP-specific platelet antibody assays and an 
evaluation of drug-dependent increases in platelet-associated IgG.°* Specifically 
for HIT, C-serotonin platelet release assay, PF4/heparin enzyme-linked 
immunosorbent assay (ELISA), or both may be used, with a positive predictive 
value of 89-100% and 10-93%, respectively.7!”* The negative predictive value of 
a serotonin assay and ELISA are approximately 80% and 95%, respectively.*! 
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RISK FACTORS 


Drug-induced thrombocytopenia is a rare event, and general risk factors other than 
recent drug exposure are unknown. With cyclosporine, tacrolimus, sirolimus, and 
valproic acid, there appears to be a relationship between higher serum 
concentrations and a risk for thrombocytopenia.*°*? With valproic acid, a daily 
dose exceeding 1,000 mg, concurrent use of aspirin, and advanced age appear to 
confer higher risk.°> Therapy with linezolid for >2 weeks has been associated with 
drug-induced thrombocytopenia.°* Past use of heparin and LMWHs (especially 
within the past 100 days) places individuals at an increased risk for drug-induced 
thrombocytopenia (Table 46-5).2748°2.55 


Table 46-5 Risk Factors for Drug-Induced Thrombocytopenia 





Heparin, low-molecular-weight heparins”48.52,55 


¢ History of heparin-induced thrombocytopenia 
* Previous exposure to heparin or low-molecular-weight heparin (especially within the past 100 days) 


Valproic acid>> 


¢ Advanced age 
* Concurrent use of aspirin 
¢ High-serum valproic acid concentrations 


Linezolid>* 


¢ >2 weeks of treatment 


MORBIDITY AND MORTALITY 


A review by George and colleagues suggests that patients presenting with definite 
or probable drug-induced thrombocytopenia (nonheparin-related) have a 9% risk of 
major bleeding and an associated mortality rate of 0.8%.*° HIT may occur in 1-3% 
of patients receiving treatment, and the typical onset is 5—14 days. HIT 1s 
associated with a 50% cumulative risk of thrombosis over 30 days.>° Venous 
thrombotic events are more common than arterial events in HIT, and practitioners 
must recognize that pulmonary embolism may be more prevalent than deep-vein 
thrombosis, with risk persisting even weeks after platelet recovery.*!>» 

Thrombotic thrombocytopenic purpura is associated with cerebral and 
myocardial infarctions and renal failure, resulting in a mortality rate of 90% in 
patients not receiving treatment.*>~° It is estimated that plasma exchange in quinine- 
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induced TTP has increased survival from 25% without treatment to 100% with 
treatment.* However, neurologic sequelae and chronic renal failure may persist 
despite treatment and cessation of quinine therapy.*° 


PREVENTION 


Many commonly prescribed drugs can cause thrombocytopenia and, given the 
unpredictable nature of this drug-induced disease, prevention is challenging. In 
contrast to most drugs, thrombocytopenia secondary to many of the chemotherapy 
agents is predictable, and clinicians can often make dosing adjustments to help 
minimize this effect (Table 46-6). For patients who experience severe 
chemotherapy-associated thrombocytopenia, oprelvekin can be used.°®°/ 
Oprelvekin promotes growth and maturation of megakaryocytes. The adult dose is 
50 mcg/kg/day given subcutaneously for 10—21 days after chemotherapy. Treatment 
should be started at least 24 hours after chemotherapy and should be discontinued 
at least 48 hours before the next cycle. Oprelvekin is associated with significant 
toxicity. Many of the side effects mimic capillary-leak syndrome, with patients 
having fluid retention, dyspnea, tachycardia, atrial arrhythmias, syncope, headache, 
fever, nausea, anemia, arthralgias, myalgias, and pleural effusions. Clinicians must 
weigh the risk of these adverse effects against the benefits of treatment. 





Routine monitoring of platelet counts is necessary for many patients who 
receive unfractionated heparin or LMWH, and the American College of Chest 
Physicians has published recommendations to help guide clinicians.7!>° For 
patients who are starting unfractionated heparin or LMWH treatment and who have 
received unfractionated heparin within the past 100 days, or for those in whom 
exposure history is uncertain, a baseline platelet count and then a repeat platelet 
count within 24 hours of starting heparin is recommended. For patients who are 
receiving therapeutic dose unfractionated heparin, platelet count monitoring at least 
every 2—3 days from days 4—14 (or until heparin is stopped, whichever occurs 
first) is recommended. 


Table 46-6 Early Detection and Prevention of Drug-Induced 


Thrombocytopenia>® 





For patients starting unfractionated heparin or LMWH 
(if exposed to heparin in the past 100 days or if exposure history 
is uncertain) 


* Baseline platelet count 
° Platelet count within 24 hours 
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For patients receiving therapeutic-dose unfractionated heparin 


* Baseline platelet count 

* Platelet count at least every 2—3 days on days 4-14 of therapy 

* Monitoring can be stopped at discontinuation of heparin therapy or after 14 days of therapy (whichever 
comes first) 


For patients receiving postoperative antithrombotic prophylaxis with 
unfractionated heparin 


* Every-other-day platelet count monitoring on postoperative days 4-14 
* Monitoring can be stopped at discontinuation of heparin therapy or after 14 days of therapy (whichever 
comes first) 


For medical or obstetrical patients receiving prophylactic-dose 
unfractionated heparin or LMWH after first receiving 
unfractionated heparin; for postoperative patients receiving 
prophylactic-dose LMWH or intravascular catheter unfractionated 


heparin “flushes” 


¢ Platelet count monitoring at least every 2—3 days on days 4-14 
* Monitoring can be stopped at discontinuation of heparin therapy or after 14 days of therapy (whichever 
comes first) 


For detection of chemotherapy-related thrombocytopenia 


* Platelet count prior to initial chemotherapy 
* Platelet count prior to next cycle 
* If complications occur, check the platelet count 


LMWH = low-molecular-weight heparin. 


Patients who are receiving postoperative antithrombotic prophylaxis with 
unfractionated heparin are at highest risk for HIT. In these patients, every-other-day 
platelet count monitoring between postoperative days 4 and 14 (or until 
unfractionated heparin is stopped, whichever occurs first) is recommended. 
Specific recommendations regarding monitoring of individual fibrinogen 
inhibitors/GPIIb/IIla are also available.*° 


Medical or obstetrical patients who are receiving prophylactic-dose 
unfractionated heparin, postoperative patients receiving prophylactic-dose LMWH, 
postoperative patients receiving intravascular catheter unfractionated heparin 
“flushes,” or medical or obstetrical patients receiving LMWH after first receiving 
unfractionated heparin are at relatively low risk for HIT. In these patients, platelet 
count monitoring at least every 2—3 days from day 4 to day 14 (or until heparin is 
stopped, whichever occurs first), when practical, 1s recommended. 


HIT is rare in medical and obstetrical patients who are receiving only LMWH, 
and medical patients who are receiving only intravascular catheter unfractionated 
heparin flushes. In these patients, routine platelet count monitoring is not 
recommended. 
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MANAGEMENT 


The most obvious primary treatment for drug-induced thrombocytopenia is 
discontinuation of the offending agent. In most cases, the platelet count returns to 
pretreatment levels relatively quickly, with a median time to platelet recovery of 
approximately 7 days (range of 1-30 days).* In patients with HIT, management must 
include the removal of all sources of heparin, including heparin flushes. The 
ultimate goal of therapy for patients with HIT is to prevent thrombosis, because 
these patients have a 30-fold increased risk of suffering a thrombotic event. 
Management includes decreasing both platelet activation and thrombin generation, 
and this is typically accomplished by using alternative anticoagulation therapy such 
as a direct thrombin inhibitor.” 


Warfarin and other anticoagulants (e.g., LMWH) should not be prescribed in 
patients with HIT. Individuals receiving LMWH have a high cross reactivity with 
PF4 heparin antibodies.?2>® Patients with HIT who are treated with warfarin 
usually develop an international normalized ratio >4. This occurs because of the 
reduction of protein C and persistent thrombin generation. Once thrombin 
generation is controlled with a direct thrombin inhibitor and thrombocytopenia has 
resolved (i.e., platelets >150,000/mm}), warfarin can be given safely. If HIT is not 
resolved before initiating warfarin, fulminant venous limb gangrene can 


occur.22>2:00.61 


Two drug classes available for the treatment of HIT are the direct thrombin 
inhibitors and heparinoids. Direct thrombin inhibitors include  lepirudin, 
bivalirudin, and argatroban. Danaparoid is a representative heparinoid. These 
agents directly bind to and inactivate thrombin and do not require antithrombin.*! 
There is no cross-reactivity between heparin and the direct thrombin inhibitors and 
all of the products have short half-lives (25-80 minutes) .?7~ 


Lepirudin is a recombinant hirudin derivative (i.e., leech protein). It is 
approved by the FDA for use in the treatment of HIT and associated 
thromboembolic diseases to prevent further thromboembolic complications. This 
agent is metabolized by the kidneys and its use should be avoided in patients with 
renal failure. Although current recommendations suggest that an initial bolus dose is 
not necessary, in life-threatening situations a bolus dose of 0.2 mg/kg may be used. 
The highest infusion rate recommended during initiation of therapy is 0.10 mg/kg. 
The target activated partial thromboplastin time (aPTT) is 1.5—2 times baseline. 
The aPTT should be checked every 4 hours initially and then less often once steady 
state has been achieved.??”® 


Studies have demonstrated reduction in composite end points (1.e., new 
thrombosis, limb amputation, and mortality from all causes) when lepirudin was 
used.°-°3 In an analysis of three of these studies, the incidence of death, amputation, 
and thrombosis was decreased to 20.3% in patients treated with lepirudin from 
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43% in controls.“ Patients treated with lepirudin experienced more bleeding 
(17.6% versus 5.8% in the control group). There have been reports of the 
development of antibodies to lepirudin with repeated exposure and after the 
administration of even a single bolus dose. Antibody formation has been associated 
with fatal anaphylactic reactions; therefore, lepirudin should not be used more than 
once ina given patient.” 


Bivalirudin, a synthetic thrombin inhibitor modeled after hirudin, is approved 
for use in per-cutaneous coronary intervention in patients who have or are at risk 
for HIT. The half-life is shorter than that of lepirudin (25 minutes versus 80 
minutes) and it undergoes enzymatic metabolism, so only minor dose adjustments 
are needed in patients with renal insufficiency.*!*7>* No bolus administration is 
required for use in HIT, and initial infusion rates range from 0.15 to 0.2 mg/kg/hr. If 
a patient has renal dysfunction, the infusion rate should be reduced from 0.03 to 0.1 
mg/kg/hr.©> The aPTT should be monitored, with target values 1.5—2.5 times 
baseline. 


Argatroban is also a direct thrombin inhibitor that binds reversibly to thrombin. 
It is approved for use in the treatment and prevention of thrombosis in HIT. No 
bolus dose is needed, and the initial infusion rate is 2 mcg/kg/min. To achieve 
target aPTT levels, doses can range from 0.5 to 2 mcg/kg/min. Unlike the other 
direct thrombin inhibitors, argatroban is metabolized by the liver. In patients with 
moderate hepatic impairment (Child-Pugh score of 7—11), the dose should be 
reduced to 0.5 mcg/kg/min. The drug should not be used at all in patients who have 
alanine aminotransferase or aspartate aminotransferase values >3 times the upper 
limit of normal.°°® A baseline aPTT should be determined and values then 
monitored to maintain an aPTT of 1.5—3 times the baseline. The incidence of 
composite end points (death, amputation, thrombosis) has been reported to 
decrease from 43% in controls to 35% with argatroban treatment, and the major 
improvement noted was a significant decrease in the risk of thrombotic events (10— 
14% with argatroban versus 25% in controls).77°7 


Danaparoid, which is classified as a heparinoid, represents another class of 
drugs used for the treatment of HIT. This agent works by inhibiting the activation of 
factor X via antithrombin. It is the only agent that has compared favorably with 
direct thrombin inhibitors; however, it is not currently available for use in the 
United States. 


Direct-acting oral anticoagulants are approved for various indications, 
including nonvalvular atrial fibrillation, deep-vein thrombosis, pulmonary 
embolism, and postoperative venous thromboprophylaxis. With regard to HIT, data 
are limited to case reports and case series, and there is insufficient clinical 


experience to recommend them as a treatment option.” 


Thrombocytopenia is a well-known adverse effect associated with cancer 
chemotherapy. Depending on the chemotherapy regimen and the number of previous 
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chemotherapy cycles, platelet counts typically return to normal over time. In certain 
situations, however, a decision to administer a platelet transfusion may be 
warranted. This decision is based on the presence or absence of bleeding and a 
patient’s platelet count. Guidelines have been established to help clinicians decide 
when to administer platelet transfusions and when it is appropriate to wait.”-7! 
Based on guidelines published by the American Society of Clinical Oncology, a 
platelet transfusion is recommended for patients with no evidence of active 
bleeding when the platelet count decreases to <10,000/mm’. Data derived from 
patients with leukemia who have chemotherapy-induced thrombocytopenia showed 
that this approach conserved healthcare resources and did not place the patient at 
increased risk for bleeding.”” There are situations in which a platelet transfusion is 
recommended despite a platelet count >10,000 mm’, including cancers associated 
with necrotic tumors such as gynecologic, colorectal, and bladder cancers, as well 
as melanoma. Patients who are to undergo surgery should have platelet counts of at 
least 40,000—50,000/mm? to ensure safety.’! The use of platelet transfusions in 
patients with HIT is not recommended.*® 


Although these various recommendations have been established to help guide 
clinicians in the appropriate use of platelet transfusions, patients should be 
evaluated on a case-by-case basis. Platelet transfusions are not without risk, and 
patients can experience fever, allergic reactions, alloimmunization, and infection.” 


Steroids and high-dose intravenous immunoglobulin have also been used to 
treat drug-induced thrombocytopenia, although their utility and benefit have not 
been clearly demonstrated.’? Different steroid agents and dose ranges have been 
suggested. Prednisolone 15-160 mg daily, methylprednisolone 1 mg/kg every 8 
hours, or oral prednisone up to 1 mg/kg/day have been used.!” It is often difficult 
to differentiate between ITP and drug-induced thrombocytopenia. Because 
corticosteroids have proven beneficial in the treatment of ITP, these agents should 
be used when ITP is suspected and at least until ITP can be ruled out.* Similarly, 
intravenous immunoglobulin in a dose of | g/kg/day for 2 consecutive days, may be 
considered in patients in whom ITP is suspected.’? Thrombopoietin mimetics, such 
as romiplostim or eltrombopag, which regulate megakaryocyte and platelet 
production, have been studied for use in patients with thrombocytopenia. However, 
benefit of use specifically in drug-induced thrombocytopenia is not established. 
These agents are FDA-labeled for chronic immune-mediated thrombocytopenia. 


INFORMATION FOR PATIENTS 


Patients should be adequately counseled when prescribed any agent that could 
potentially induce thrombocytopenia. Education should include signs and symptoms 
of bleeding, including unusual bruising, heavy or prolonged menses, prolonged 
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bleeding of the gums after brushing or flossing, or even prolonged bleeding from a 
minor cut. Patients should be advised to contact their healthcare provider 
immediately if any of these occur. Once a drug-induced thrombocytopenia has been 
diagnosed, it is important to ensure that this information is added to the patient’s 
medical records to help prevent recurrent events. 
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CHAPTER 47 


Thromboembolic Diseases 


Candice L. Garwood 


Thromboembolic disease is one of the most common cardiovascular disorders, 
characterized by blood clot formation known as thrombosis. Although thrombosis 
may occur almost anywhere within the vascular system, the most common 
presentation involves deep vein thrombosis (DVT), which develops in the venous 
circulation, with the possible complication of pulmonary embolism (PE). DVT and 
PE are distinct but related manifestations of the same disease process known as 
venous thromboembolism (VTE). Typically, DVT develops within the large deep 
veins of the calf. About 10-20% of distal DVT extend proximally. DVT may also 
develop elsewhere, such as the upper extremity, mesenteric, renal, or cerebral 
veins. About 1—5% of thrombi are dislodged, travelling through the vasculature, 
also known as an embolus. The most common site for emboli to lodge is a vessel of 
the lung, forming a PE. VTE can be provoked by immobility, trauma, or may result 
from drug or disease factors. However, VTE may also be idiopathic, without a 
specific known predisposing factor. In general, development of VTE is 
multifactorial, making it difficult to identify a primary cause.! This chapter will 
focus on drug-induced thromboembolic disease. 
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CAUSATIVE AGENTS 


Table 47-1 lists agents, grouped by drug class, that have been reported to cause 
thromboembolism.***’ Drugs that interact with and reduce the effectiveness of 
anticoagulants are not included if they have not been directly associated with 
thromboembolic development (e.g., rifampin inducing the metabolism of warfarin). 





EPIDEMIOLOGY 


The overall incidence of drug-induced thromboembolism is unknown because of 
the multifactorial pathogenesis of this disease. Furthermore many patients have 
clinically silent disease or go undiagnosed.”?® The incidence and level of 
supportive evidence associated with some specific drugs are reported in Table 47- 
1. When examining the rate of objectively diagnosed VTE, the annual incidence is 
estimated at 2—3/1,000. The rate of VTE increases with advancing age, such that the 
incidence doubles each decade of life after age 50 years, reaching a rate of 8/1,000 
in those over 80 years. With an aging population, it is expected that the incidence of 
DVT and PE will rise.?” 








Table 47-1 Agents Implicated in Drug-Induced 
Thromboembolic Diseases Agents Implicated in Drug-Induced 
Thromboembolic Diseases 





Incidence 





Level of Evidence* 
HEMOSTATIC AGENTS 





Aminocaproic acid2-5 C 
Cyanoacrylate 10-12 C 
Desmopressin13,14 C 
Eptifibitide 15,16 C 
Protamine sulfate 17 B 
Activated prothrombin complex B 
concentrate 18 

3-factor prothrombin complex B 
concentrate 19 

4-factor prothrombin complex B 
concentrate 19 

Recombinant factor VI1a20-23 7-9.4% A 


1977 


ANTICOAGULANTS 
Heparin26-30 1-—5% develop HIT, 25-50% of Ba 


those develop HITT 


Low-molecular-weight heparin26,27 Ba 
Pentosan3 1-33 
Streptokinase34-36 


Warfarin (coumarin derivatives)38- 
40 


HEMATOPOIETIC AGENTS 
Darbepoetin41-45 





Wy) a}; al; w 


3.3—26.7% 


3.3- 
Erythropoietin43-48 3 


ESTROGEN-CONTAINING AGENTS 
Diethylstilbestrol52,53 6.8-7% 


GM-CSF49,51 





Oral contraceptives54-58 6 times the risk of nonusers; 1— 
2/10,000 woman-year 


Hormone replacement57,59-61 0.2—5.9/100 woman-year 





ANTIANDROGENS 


Cyproterone62-64 
Leuprolide67-69 


SELECTIVE ESTROGEN-RECEPTOR MODULATORS 


Raloxifene57,70 9.5/100 woman-year 
Tamoxifene57,7 1-74 3.6—12/100 woman-year 


AROMATASE INHIBITORS 
Anastrozole76-79 








Letrazole80 





ANDROGENIC AGENTS 
Danazol8 1,82 





Nandrolone 83,84 


Megestrol85,86 





FOLLICLE-STIMULATING HORMONE 


Follitropin alfa87-89 


ANTINEOPLASTIC AGENTS 


Aldsleukin90,91 
Asparaginase92-96 
Basiliximab97 
Bevicizumab98- 100 
Bleomycin101,102 
Carboplatin 103,104 
Cisplatin101,102,105-108,112,113 
Dacarbazine 109,110 
Denileukin111 
Docetaxell 14-116 
Estramustine 116-120 
Etoposide 102,120 
Fluorouracil] 21-123 
Gemcitabine 112 
Imatinib116,124,125 
Irinotecan100,126 
Lenalidomide 127-131 
Paclitaxell20,132-134 
Ponatinib135,136 
Ranibizumab 137,138 
Rituximab139 
Soraftnanib140 
Thalidomide43,130,131,141-146 


IMMUNOLOGIC AGENTS 
Cyclosporine 147-151 


Dexamethasone93,142,152 


Foscarnet 153 
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3.4-26% 


A 


Aw 





1979 


Infliximab154-156 
Immunoglobins 157-161 
Interferon gamma 162,163 
Interferon alfa-2a164,165 
Interferon alfa-2b166-168 
Interferon beta169,170 
Interleukin-3171 
Methylprednisolone 172 
Muromonab150,172,173 
Prednisone93,152,174 
Sirolimus 175,176 
Tacrolimus 147-149,151 


ANTIPSYCHOTIC AGENTS 
Chlorpromazine 177-181 


Clozapine 182,183 
Olanzapine 182,184,185 
Quetiapine 182 
Risperidone 177,182 


Thioridazine 181,186 
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OTHER PSYCHOTROPIC AGENTS 


Clomipramine 187 
Escitalopram188 
Lithium 189-191 


CONTRAST AGENTS 
Tohexol1 92-194 


Iomeprol195 

Topamidoll 96 

Iothalamate 197,198 

Toxaglate 192,193,195,196,199 


MISCELLANEOUS 
Acetohydroxamic acid200 


Botulinin toxin202,203 





22.2% 
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9-22.2% 
8-28.6% 
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2.7-4.8% 
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Bromocriptine203-205 








Calcium gluconate206 C 
Cocaine207-209 NK C 
Dihydroergotamine2 10-212 NK C 
Ecstasy (3,4- NK C 
methylenedioxymethamphetamine; 

MDMA)213,214 

Ergotamine210,215-217 C 
Metolazone218 NK C 
Papaverine219 NK B 
Procainamide220,221 NK C 
Sildenafil222-224 NK G 
Topiramate225 A 
Tretinoin226,227 B 


G-CSF = granulocyte colony-stimulating factor, GM-CSF = granulocyte /macrophage colony-stimulating factor, 
HIT = heparin-induced thrombocytopenia, HITT = heparin-induced thrombocytopenia and thrombosis, NK = 
not known. 

aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Oral contraceptives are perhaps the best-recognized class of agents known to 
cause VTE. A meta-analysis of 26 studies identified a 3.5-fold increased relative 
risk of VTE with use of oral contraceptives compared with nonuse. The relative 
risk of VTE for combined oral contraceptives with 30-35 mcg ethinyl estradiol and 
either a third- or fourth-generation progestin (gestodene, desogestrel, cyproterone 
acetate, or drospirenone) were about 50-80% higher than for combined oral 
contraceptives with levonorgestrel, with higher doses associated with higher 
thrombosis risk.7*° However, other reports raise questions about the increased 
thromboembolic risk associated with newer generation progestins.”*!7*? The 
reported incidence of VTE with other drugs varies widely, from <1% in patients 
receiving the antineoplastic agent aldesleukin and up to 26% in patients treated 
with thalidomide.”2?!-150 


MECHANISMS 


Hemostasis is dependent on a delicate balance in the complex relationship between 
thrombogenic and antithrombotic factors. A disruption in this equilibrium may lead 
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to inappropriate clot formation and the possibility of embolization to a distant 
vascular bed. Any circumstance resulting in venous stasis, vascular injury, or 
hypercoagulability, factors known as Virchow’s triad, may lead to VTE.?**?*° 
Venous stasis occurs with a slowed rate of blood flow. The most common site for 
venostasis is the large venous sinuses of the thigh or calf, where pooling of blood 
can be precipitated by periods of physical immobility such as bed rest and air 
travel. Vascular injury can be a result of trauma or surgical procedures. In addition, 
vascular injury may be caused by pooling of blood that causes distention of the 
vessel where resultant damage to the endothelium can activate the coagulation 
system.?>/ 


Hypercoagulability is the result of an inherited defect or the presence of an 
acquired, often transient, risk factor such as a drug. Although venous 
thromboemboli generally originate in the lower-extremity venous pathways, they 
may also occur in other regions, such as renal veins, pelvic veins, upper-extremity 
veins, or the cerebral venous sinuses.2°?> The most common location for 
embolization to occur is the lung.?*? The proposed mechanisms for agents known to 
cause VTE are described in Table 47-2,2° 9-1! 13. 14 17, 23, 24, 32, 34, 49, 50, 57, 58, 92, 106, 
107, 114, 122, 125, 130, 135, 145, 151, 165, 167, 170, 178, 188, 189, 200, 210, 215, 222, 226, 227, 238-266 

Hemostatic agents that inhibit fibrinolysis may prevent the lysing of previously 
formed clots and predispose patients to VTE. Drugs including aminocaproic acid, 
aprotinin, desmopressin, and tranexamic acid have been associated with VTE, 
likely via this mechanism.?*-!*!4747> Other drugs, including antipsychotic agents 
and contrast media can create a hypercoagulable state through platelet activation 
and aggregation that can lead to VTE. !77:!79-181,182,192,195-197,199 Some studies suggest 
that ionic contrast media (e.g., 1othalamate, ioxaglate) are less thrombogenic than 
the nonionic forms (e.g., iopamidol).!%° 

Although uncommon, anticoagulation therapy itself may cause VTE by creating 
a hypercoagulable state. Warfarin can cause thrombosis in the microvasculature, 
which is known as skin necrosis. This appears to be caused by the drug’s early 
inhibition of vitamin K—dependent anticoagulant proteins C and S and a slower 
onset of the complete inhibition of vitamin K—mediated clotting factors necessary 
for warfarin’s full anticoagulation effect. The potential for warfarin-induced 
hypercoagulability is primarily associated with a known protein C deficiency. 
Hypercoagulability has been reported less commonly with protein S deficiency and 
also can occur in nondeficient individuals.’ For this reason, it is prudent to begin 
heparin therapy prior to or concurrent with the start of warfarin in patients with 
acute VTE who will be anticoagulated with warfarin.*4*7°’?° Heparin can cause 
thrombosis by inducing formation of antibodies in a syndrome known as heparin- 
induced thrombocytopenia (HIT). Low-molecular-weight heparins (LMWHs) have 
also been reported to cause HIT, but at a much lower rate than heparin.~*! Pentosan, 
a heparin analog, also has the ability to induce antibodies causing thrombosis.*!>2 
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Hormonal and other agents that affect the endocrine system exhibit a diverse 
spectrum of mechanisms for inducing thromboembolic disease. Estrogen-containing 
agents increase factor II, VII, VIII, and fibrinogen levels. There are reductions in 
natural anticoagulants, antithrombin III, and protein S. In addition, estrogens are 
known to cause resistance to activated protein C. This 1s especially problematic in 
patients with factor V Leiden mutation, as these patients possess an inherited 
resistance to activated protein C. The cumulative effect of estrogen’s induced 
hypercoagulability can lead to thrombosis.°’”°° The antiandrogens may increase 
platelet aggregation and alter the fibrinolytic system. Finally, selective estrogen- 
receptor modulators are thought to reduce the concentrations of antithrombin, 


protein C, and protein S, causing venous thrombosis.” 


it 


Table 47-2 Mechanisms of Drug-Induced Thromboembolic 


Diseases 





HEMOSTATIC AGENTS 


Aminocaproic acid5 


Aprotinin9 


Cyanoacrylate 10,11,238 


Desmopressin13,14 


Eptifibitide 15,16 


Protamine sulfate 17 

Activate prothrombin complex concentrate239 
3-factor prothrombin complex concentrate239 
4-factor prothrombin complex concentrate239 
Tranexamic acid24,240 

Recombinant factor VIla23,239 


ANTICOAGULANTS 
Heparin/low-molecular-weight heparin241 


Pentosan32,33 


Streptokinase34 


Urokinase 


Warfarin (coumarin derivatives)242 


Mechanism 


Inhibits fibrinolysis 


High doses inhibit kallikrein and protein C; mhibits 
fibrinolysis 


Endothelial damage, embolization 


Increases plasminogen-activator activity; inhibits 
fibrinolysis 


Induced thrombocytopenia and disseminated 
intravascular coagulation 


Platelet-activating, anti-protamine-heparin antibodies 
Concentrated active clotting factor repletion 
Concentrated clotting factor repletion 

Concentrated clotting factor repletion 

Inhibits fibrinolysis 


Increased clotting-factor activity; dose-related 


Platelet activation secondary to antibody formation 


Platelet aggregation; heparin analog with potential to 
cause HIT 


Antibody-induced platelet aggregation 


NK 
Inhibits proteins C and S activity, potential for 
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temporary hypercoagulability 


HEMATOPOIETIC AGENTS 


Darbepoetin243 Increases endothelial-cell activity and increases 
platelet reactivity; dose-related 


Erythropoietin243 Increases endothelial cell activity and platelet 
reactivity; dose-related 


G-CSF49,50 Uncertain; increases platelet adhesion, fibrinogen, and 
clotting factors; decreases proteins C and S activity 


GM-CSF49,50 Uncertain; increases platelet adhesion; increases 
fibrinogen and clotting factors; decreases proteins C 
and S activity 


ESTROGEN-CONTAINING AGENTS 








Diethylstilbestrol NK 

Oral contraceptives57,58 Acquired resistance to activated protein C 

Hormone replacement57 Acquired resistance to activated protein C 

ANTIANDROGENS 

Cyproterone NK 

Flutamide NK 

Goserelin NK 

Leuprolide NK 

SELECTIVE ESTROGEN-RECEPTOR MODULATORS 

Raloxifene57 Uncertain; decreases antithrombin III, proteins C and 
S 

Tamoxifen57 Uncertain; decreases antithrombin III, proteins C and 
S 

Toremifene57 Uncertain; decreases antithrombin III, proteins C and 
S 

AROMATASE INHIBITORS 

Anastrozole NK 

Letrazole NK 

ANDROGENIC AGENTS 

Danazol NK 

Nandrolone NK 

Megestrol244 Increases prothrombin, fibrin, and plasmin—antiplasmin 
complex 


FOLLICLE-STIMULATING HORMONE 


Follitropin alfa245 Ovarian hyperstimulation syndrome leading to elevated 
estrogen concentrations and hypercoagulability 


ANTINEOPLASTIC AGENTS 


Aldesleukin246 Induces antiphospholipid antibodies 





Asparaginase92,247 Hyperfibrinogenemia 
Decreases anti-plasmin and plasminogen 


1984 


Basiliximab248 
Bevacizumab248,249 
Bleomycin250 


Carboplatin251 


Cisplatin 106,107,251 


Dacarbazine 
Denileukin 
Docetaxell14 


Estramustine252 


Fluorouracil! 22,253,254 


Gemcitibine25 1 


Imatinib125 


Irinotecan 


Lenalidomide 130 


Paclitaxel251 


Ponitanib135 
Ranibizumab249 
Rituximab 
Soraftanib249 


Thalidomide 130,145 


IMMUNOLOGIC AGENTS 


Cyclosporine 151 


Dexamethasone255 


Foscarnet 


Infliximab256 


Immunoglobulins 257 


concentrations and increases thrombin 

Uncertain; endothelial-cell apoptosis and dysfunction 
Uncertain; endothelial-cell apoptosis and dysfunction 
Uncertain; thrombotic microangiopathy 

Increase procoagulant activity via isomerase 


decryption of tissue factor 


Endothelial damage, platelet aggregation; increase 
procoagulant activity via isomerase decryption of tissue 
factor; possible increase vonWillebrand factor. 


NK 

NK 

Uncertain; up regulation of thrombomodulin 
Uncertain; estrogenic component may cause acquired 
resistance to activated protein C 


Left ventricular dyskinesia leading to apical thrombus; 
disruption of folate synthesis leading to 
hyperhomocysteinemia; vascular injury 


Increase procoagulant activity via isomerase 
decryption of tissue factor 


Induces thrombotic thrombocytopenic purpura 


NK 

Uncertain; platelet hyperactivity 

Increase procoagulant activity via isomerase 
decryption of tissue factor 


Platelet activation; increased platelet aggregation 
Uncertain; endothelial-cell apoptosis and dysfunction 
NK 

Uncertain; endothelial-cell apoptosis and dysfunction 


Uncertain; platelet hyperactivity; activated protein C 
resistance 


Increases factor VHI, fibrinogen, and von Willebrand 
factor 


Decreases fibrinolysis due to inhibitory effects of PAI- 
1 on plasminogen activator; increases p-selectin and 
von Willebrand factor 


NK 


Induces antibodies, including antiphospholipid 
antibodies 


Red cell aggregation; dose-related 


Modulates fibrinolytic effect of endothelial cells; 
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Interferon gamma258 


Interferon alfa-2a165 


Interferon alfa-2b167 


Interferon betal70 


Interleukin-3 
Methylprednisolone255 


Muromonab259,260 


Prednisone255 


Sirolimus261 


Tacrolimus 261 


ANTIPSYCHOTIC AGENTS 
Chlorpromazine 178 


Clozapine262 
Olanzapine262 
Quetiapine262 
Risperidone262 
Thioridazine262 


OTHER PSYCHOTROPIC AGENTS 


Clomipramine 188 


Escitalopram188 


Lithium 189 


CONTRAST AGENTS 
Tohexol263,264 


Tomeprol263,264 
Topamidol263,264 
Iothalamate263,264 
Toxaglate263,264 


MISCELLANEOUS 


increases plasma-activated complement 
Procoagulant antibodies; increases plasma-activated 
complement 


Procoagulant antibodies; increases plasma-activated 
complement 


Procoagulant antibodies; increases plasma-activated 
complement 


NK 


Decreases fibrinolysis due to inhibitory effects of PAI- 
1 on plasminogen activator; increased p-selectin and 
von Willebrand factor 


Increases platelet activity and endothelial activity 


Decreases fibrinolysis due to inhibitory effects of PAI- 
1 on plasminogen activator; increases p-selectin and 
von Willebrand factor 


Vascular endothelial growth factor upregulation 
resulting in disruption of vessel network 


Vascular endothelial growth factor upregulation 
resulting in disruption of vessel network 


Hyperprolactinemia-increased platelet activity; induces 
anticardiolipin antibodies 


Hyperprolactinemia-increased platelet activity 
Hyperprolactinemia-increased platelet activity 
Hyperprolactinemia-increased platelet activity 
Hyperprolactinemia-increased platelet activity 


Hyperprolactinemia-increased platelet activity 


Uncertain; increased serotonin concentrations cause 
an increase in platelet aggregation 


Uncertain; increased serotonin concentrations cause 
an increase in platelet aggregation 


Uncertain; induces dehydration 


Platelet aggregation and activation 
Platelet aggregation and activation 
Platelet aggregation and activation 
Platelet aggregation and activation 


Platelet aggregation and activation 
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Acetohydroxamic acid200 


Botulinum toxin 
Bromocriptine 
Calcium gluconate 
Cocaine265 


Dihydroergotamine2 10,215 


Ecstasy (3,4-methylenedioxyethamphetamine; 
MDMA) 


Ergotamine2 10,215 


Metolazone 
Papaverine 


Procainamide266 


Sildenafil222 


Topiramate 


Tretinoin226,227 


Increases thrombin and platelets 


NK 
NK 
NK 
Increases platelet activation 


Uncertain; ergotism, ischemia, venous stasis 


NK 


Uncertain; ergotism, ischemia, venous stasis 
NK 
NK 





Induces antiphospholipid antibodies 

Uncertain; decreases blood flow to microcirculation; 
decreases antithrombin III and protein S 

Unknown 


Releases plasminogen activators and lysosomal 
neutrophil enzymes leading to diffuse intravascular 
coagulation 


G-CSF = granulocyte colony-stimulating factor, GM-CSF = granulocyte/macrophage colony-stimulating factor, 
HIT = heparin-induced thrombocytopenia, HITT = heparin-induced thrombocytopenia and thrombosis, PAI = 


plasminogen-activator inhibitor, NK = not known. 


Although the mechanism for drug-induced thromboembolism associated with 
the antineoplastic agents is not precisely known, it is likely that a combination of 
factors 1s involved. The drugs themselves may cause hypercoagulability, or drug- 
induced endothelial damage may occur propagating clot formation. The patient’s 
disease state and the presence of catheters also likely play a role in the 
development of VTE in patients receiving antineoplastic agents. 


Table 47-3 Signs and Symptoms Associated with Drug-Induced 


Thromboembolic Diseases 





Pulmonary embolism 


¢ Accentuated second heart sounds and fourth heart sound 


* Cough 

* Cyanosis 

* Dyspnea 

* Hemoptysis 


* Hypoxemia (i.e., abnormal arterial blood gases or pulse oximetry) 


* Palpitations 
* Pleuritic chest pain 
* Rales 
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* Syncope 
¢ Tachycardia 
* Tachypnea 


Deep vein thrombosis 


¢ Pain or tenderness 

* Palpation of a nickel-sized or cord-like obstruction 

* Positive Homan’s sign 

¢ Skin discoloration (i.e., pallor, cyanosis, or erythema) 
¢ Unilateral warmth, redness, or swelling 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The signs and symptoms of VTE are outlined in Table 47-3. There is often a great 
deal of inter-individual variability in the presenting signs and symptoms of VTE as 
well as in the time-to-initial presentation. Clinical manifestations of drug-induced 
VTE are generally not distinct from those of VTE due to any other cause. DVT of 
the thigh or calf is associated with warmth, redness, and swelling that is generally 
unilateral. Skin discoloration may also occur, and palpation may reveal a nickel- 
sized or cord-like obstruction. PE should be suspected whenever a patient has 
dyspnea without another apparent cause, pleuritic pain, circulatory collapse with 
no apparent cause, hemoptysis, or syncope.*** In addition, patients presenting 
acutely with PE may have sinus tachycardia, gallop rhythm, and elevated jugular 
venous pressure. 





Table 47-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Thromboembolic Diseases 


Pulmonary embolism 


¢ Exacerbation of heart failure 

¢ Exacerbation of other pulmonary disease 
¢ Musculoskeletal pain 

¢ Myocardial infarction 

* Pneumonia 

* Pneumothorax 


Deep vein thrombosis 


* Baker’s cyst 

° Cellulitis 

¢ Drug-induced edema 

* Knee injury/abnormality 

* Leg swelling in a paralyzed limb 
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¢ Lymph obstruction 

* Muscle strain/tear 

¢ Superficial thrombophlebitis 
* Venous insufficiency 


Table 47-5 Wells Criteria for Predicting Pretest Probability of 


Deep-Vein Thrombosis and Pulmonary Embolism 
Clinical Characteristic 





DEEP-VEIN THROMBOSIS? 


Active cancer 


Calf swelling at least 3 cm larger than on the asymptomatic side 
Collateral superficial veins (nonvaricose) 

Entire leg swollen 

Localized tenderness along the distribution of the deep venous system 
Paralysis, paresis, or recent plaster immobilization of the lower extremities 
Pitting edema confined to the symptomatic leg 

Previously documented DVT 


Recently bedridden for 3 days or more, or major surgery within the previous 12 weeks requiring 
general or local anesthesia 


Alternative diagnosis at least as likely as DVT 


PULMONARY EMBOLISM? 

An alternative diagnosis is less likely than PE 
Clinical signs and symptoms of DVT 

Heart rate >100 bpm 

Immobilization or surgery in the previous 4 weeks 
Previous DVT or PE 

Active cancer 

Hemoptysis 


DVT = deep-vein thrombosis, PE = pulmonary embolism. 
aA score >2 indicates a high probability of DVT; a score <2 indicates a low probability of DVT. 


bA score <2 indicates a low probability of PE; a score of 2—6 indicates a moderate probability of PE; and a 


score >6 indicates a high probability of PE. 


The diagnosis of DVT or PE can be challenging, as signs and symptoms are 
sometimes subtle and nonspecific, and patient presentation can vary substantially. 
Conditions to consider in the differential diagnoses of DVT include muscular 
injuries, superficial thromboses, lymphedema, and cellulitis (Table 47-4). On 
physical examination, calf pain resulting from dorsiflexion of the ankle while the 
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knee is in a flexed position (positive Homans sign) is consistent with DVT.2™ The 
Wells criteria have been created for determining the probability of DVT and PE 
(Table 47-5).*’°”! Each of these criteria has been validated and are commonly 
used; however, clinical assessment should be used only in conjunction with 
objective testing.7’* D-dimer is a degradation product of a cross-linked fibrin 
blood clot. Although the D-dimer test cannot be used to affirmatively diagnose 
VTE, it has a relatively high negative predictive value, especially in younger 
patients without associated comorbidity. The American College of Chest 
Physicians (ACCP) Expert Panel Report makes recommendations about the 
diagnosis of DVT.?” In patients found to have a low pretest probability of first 
extremity DVT or PE as determined by the Wells criteria, a high-sensitivity D- 
dimer test should be used to rule out VTE. Ultrasonography has high sensitivity and 
specificity for diagnosis of symptomatic proximal DVT of the lower extremity. 
Sensitivity of this test decreases, however, in patients who are asymptomatic or 
have DVT in the calf.2”* Patients with moderate pretest probability are 
recommended to receive D-dimer testing, proximal compression ultrasonography, 
or whole leg ultrasound.*”? D-dimer can be used to rule out DVT if a negative 
ultrasound occurs.2”* Those with high pretest probability are recommended to 
receive proximal compression or whole leg ultrasonography. Again, D-dimer can 
be used to rule out a negative result.*’* Contrast venography is the most definitive 
test for DVT, but it 1s expensive and requires venous access. For these reasons, 
lower-extremity ultrasound is preferred.?”° 


Conditions to consider in the differential diagnoses of PE include pneumonia, 
pneumothorax, acute myocardial infarction, and exacerbation of other pulmonary 
diseases. Patients with PE may have abnormal arterial blood gases and nonspecific 
electrocardiographic changes. As with DVT, a whole-blood D-dimer assay may be 
useful to rule out PE in those with low pretest probability using the Wells criteria 
for PE. However, imaging is essential to diagnose PE in patients with intermediate- 
to-high pretest probability. Imaging options include a ventilation/perfusion (V/Q) 
lung scan, helical computed tomography (CT), or multidetector CT angiography. 
Multidetector CT angiography is most commonly utilized and is the diagnostic test 
of choice for PE in the United States. It may be used in patients with PE and a 
positive D-dimer assay result or in those who have a high pretest probability of PE 
regardless of D-dimer result. In patients with negative CT but high pretest 
probability, follow-up ultrasound of the lower extremities or pulmonary 


angiography may be warranted.” 


RISK FACTORS 


Risk factors for drug-induced thromboembolic events do not differ from those for 
VTE of any other cause. The use of drugs associated with VTE in patients with 
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other risk factors often compounds the risk. Table 47-6 lists the most important 
acquired and hereditary risk factors.?>* These risk factors are additive. In some 
cases, patient risk factors are readily identified or easily calculated using clinical 
predictive assessment tools.*’°*’° A prior history of VTE is perhaps the strongest 
risk factor for recurrent VTE, presumably because of damage to venous valves and 
obstruction of blood flow caused by the initial event.7?’ Age and sex must both be 
considered in evaluating relative risk. Women have a higher incidence of VTE 
during their childbearing years. The incidence of VTE nearly doubles in each 
decade of life over the age of 50 and is slightly higher in men.*>’ Over 80% of 
patients with VTE have at least one risk factor, whereas many patients possess a 
combination of factors of Virchow’s triad.7>+7*° 


Table 47-6 Risk Factors for Drug-Induced Thromboembolic 


Diseases 





Acquired 


* Age 

¢ Antiphospholipid syndrome 

¢ Heart failure 

¢ Heparin-induced thrombocytopenia 
* History of VTE 

* Immobilization via institutionalization, long-distance travel, or paralysis 
¢ Indwelling venous catheters 

¢ Inflammatory bowel disease 

* Liver disease 

* Malignancy 

¢ Myeloproliferative disorders 

* Nephrotic syndrome 

* Neurologic disease 

* Obesity 

* Pregnancy/postpartum 

¢ Secondary hyperhomocysteinemia 
¢ Sickle-cell anemia 

¢ Smoking 

* Sticky-platelet syndrome 

¢ Superficial vein thrombosis 

° Surgery 

* Transvenous pacemakers 

¢ Trauma 


Hereditary 


¢ Antithrombin deficiency 

* Dysfibrinogenemia 

* Factor V Leiden/activated protein C resistance gene mutation 
* Factor VIII overactivity 

* Factor XII deficiency 

* Heparin cofactor II deficiency 
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¢ Plasminogen activator inhibitor-1 excess 
¢ Primary hyperhomocysteinemia 

* Protein C deficiency 

* Protein S deficiency 

¢ Prothrombin 202/0A gene mutation 


VTE = venous thromboembolism. 


Recent surgery imparts a great VTE risk to patients. Orthopedic surgery and 
trauma surgery confer especially high risks of associated VTE. In addition, there is 
an increased vulnerability seen in patients who have undergone neurovascular or 
cardiovascular surgery, renal transplantation, or major surgery for malignancy of 
the leg, pelvis, abdominal, or thoracic areas.7/7-?”7 


Recent trauma or injury imparts a high risk of VTE. Specifically, there is a high 
association between DVT and spinal injury, head trauma, and fractures of the 
pelvis, tibia, and femur. Situations involving prolonged periods of immobilization, 
such as long-distance travel, total or partial paralysis, and institutionalization (e.g., 
long-term care facility or hospital) create potential danger for patients because of 
decreased blood flow in the extremities. The presence of malignancy increases the 
risk of thromboembolic events. There are several reasons for this, including direct 
vein compression or invasion by the tumor, increased concentrations of 
procoagulants such as fibrinogen in the malignant state, and the use of cytotoxic 
chemotherapy for the treatment of the primary disease.7*/ 


Varicose veins, obesity, and tobacco smoking are weakly associated VTE risk 
factors. However, previous DVT or superficial thrombosis are known to increase 
the odds of developing a new VTE. Other independent risk factors include the 
presence of central venous catheters or transvenous pacemakers, liver disease, and 


pregnancy.7?’ 


MORBIDITY AND MORTALITY 


Thromboembolic disease can cause significant morbidity and mortality. Mortality 
rates can mostly be attributed to PE, in which approximately a quarter of cases 
present as sudden death.??’ An estimated 2 million people in the United States 
develop VTE each year, of whom 600,000 are hospitalized and 60,000 die.7°°*! 
Rate of recurrence following a first episode of VTE is 7.8/100 person-years in 1- 
year follow-up, and the recurrence rate in the years following is 3/100 person- 
years.*°* VTE-associated morbidity is most commonly related to development of 
post-thrombotic syndrome (PTS) in which patients experience pain and chronic 
swelling, tenderness, skin discoloration, or even skin ulceration long after the 
initial event. Within 2 years of a symptomatic DVT, PTS will be present in 23-60% 
of patients and 10% will develop venous ulcers in that time frame. PTS is 
associated with a high burden of direct and indirect costs. It is estimated that the 
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U.S. average annual per person costs for someone with PTS is $7,000.7% 
Morbidity may also arise from the development of chronic thromboembolic 
pulmonary hypertension (CTEPH), following PE. Most often CTEPH develops as a 
result of obstruction of the pulmonary vascular bed due to nonresolving PEs. 
Despite adequate anticoagulation, CTEPH develops in 1—3.8% of patients within 2 
years of a PE.**+25° Symptoms include shortness of breath, especially on exertion, 
and fatigue. In severe cases, abdominal and peripheral edema may occur. Without 
intervention, the prognosis of patients with CTEPH is poor and depends on the 
severity of pulmonary hypertension. Intervention can be medical or surgical, and 
costs can be quite high.*®°**’ The incidence of morbidity and mortality specifically 
due to drug-induced VTE is unknown. 


pe 


Many VTE risk factors (Table 47-6) are unavoidable. Prevention strategies, 
therefore, are aimed at minimizing patients’ exposure to drugs or combinations of 
drugs known to increase the risk of VTE (Table 47-1) and closely monitoring 
patients who have known risk factors. Table 47-7 provides recommendations for 
the prevention of drug-induced thromboembolic disease.74737741242,252,268,288-297 








Patients with a history of VTE or known hypercoagulability should be advised 
to avoid use of estrogen-containing products, such as oral contraceptives, hormone- 
replacement therapy, and raloxifene or tamoxifen. In addition, oral contraceptives 
should be used cautiously in women over 35 years of age and in women of any age 
who smoke. Whenever possible, oral contraceptives, hormone-replacement 
therapy, and raloxifene should be discontinued at least 4 weeks (72 hours for 
raloxifene) prior to surgery. In addition, these agents should be withheld for 2 
weeks after surgery and during and after prolonged immobilization.7**?* Oral 
contraceptives should be started no earlier than 4—6 weeks after the postpartum 
period.7** Patients taking estrogens should ambulate and perform exercises during 
periods of temporary immobility, such as long car rides or air travel. Estrogen as a 
component of oral contraceptives should be dosed at 10-35 mcg of ethinyl 
estradiol per day to minimize thrombosis risk. It is controversial as to whether 
combined hormonal contraceptives containing desogestrel, gestodene (not available 
in United States) or drospirenone increase the risk of VTE to a greater extent than 
products with other progestins. Thus, they should probably be avoided in patients at 
risk for VIE Lee 





Table 47-7 Approaches to Help Prevent Drug-Induced 
Thromboembolic Diseases 
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Oral contraceptives, hormone-replacement therapy*>1:2°8.289,305 


¢ Ambulate periodically during long episodes of travel or flight 

¢ Estrogen-containing products are contraindicated in patients with acute VTE, history of VTE, or known 
hypercoagulability 

¢ Discontinue drug 4 weeks in advance of surgery or immobile period; resume 2 weeks after procedure or 
after mobile 

¢ May use progestin-only pills, medroxyprogesterone, progesterone implant, or IUD in those with history of 
VTE 

* Use gestodene and drosperinone in combination with the lowest dose of ethinyl estradiol (<30 mcg daily) in 
patients without VTE history 


Raloxifene, tamoxifen”? |:~98 


* Contraindicated in patients with previous VTE or known hypercoagulability 
¢ Discontinue drug at least 72 hours in advance of surgery or immobile period, resume after mobile 


Heparin products**! 


* Add heparins to patient allergy list 

* Avoid all heparin products in the future 

¢ In patients who develop HIT or HITT or who have a history of HIT or HITT, discontinue heparin products 
and use alternative anticoagulant acutely and for long-term anticoagulant needs 


Warfarin24,~68 


¢ In patients with skin necrosis, discontinue warfarin and start heparin 
* Overlap heparin or LMWH and warfarin for at least 7 days and until INR is >2 in those with known protein 
C or S deficiency or cancer 


Erythropoietin, darbopoietin??*»~?> 


¢ Adjust dose such that rate of hemoglobin rise does not exceed | g/dL over a 2-week period 
* Do not initiate treatment if hemoglobin concentration is >10 mg/dL 

¢ Maintain hemoglobin concentrations <12 mg/dL in treating patients with anemia 

* Use with caution in patients with previous VTE or known hypercoagulability 


Thalidomide and lenalidomide2?* 


¢ Patients with multiple myeloma and concurrently receiving chemotherapy and/or dexamethasone should 
receive prophylactic dose LMWH (enoxaparin 40 mg q 24 hr) or warfarin (INR 2-3), or aspirin 81-325 mg 
daily, depending on number of VTE risk factors present 


Recombinant factor VITa*?>>~?© 


¢ Avoid in geriatric patients, those with current or recent VTE, severe atherosclerosis, crush injuries, 
disseminated intravascular coagulation, or sepsis 


Asparaginase”* 
* Consider prophylaxis with LMWH 


Estramustine?> 


* Consider use of low-dose warfarin or aspirin 325 mg for prophylaxis 
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Contrast dye”?! 


* Avoid if possible; consider heparin-saline flush after use in venography 


DES = diethylstilbestrol, HIT = heparin-induced thrombocytopenia, HITT = heparin-induced thrombocytopenia 
and thrombosis, [UD = intrauterine device, LMWH = low-molecular-weight heparin, VTE = venous 
thromboembolism. 


Practitioners should complete a careful risk—benefit analysis before prescribing 
any agent known to induce VTE. This is especially important when the patient has 
known VTE risk factors. Prophylactic anticoagulation with warfarin, direct oral 
anticoagulants (DOACs), LMWH, or aspirin is typically not recommended, but may 
be considered for some patients who require therapy with drugs known to cause 
VTE or if the patient also has known VTE risk factors. Decisions regarding the use 
of prophylactic anticoagulation should be made on an individual basis. Risk-factor 
modification, when possible, should be pursued in all patients. 


MANAGEMENT 


Anticoagulation is the primary treatment for VTE, whether or not it is drug-induced. 
Because DVT and PE are manifestations of the same disease process, their 
treatments are virtually identical. The therapeutic goals are to prevent clot 
extension and embolization, reduce recurrence, and prevent long-term 
complications such as PTS. 


The ACCP Expert Panel Report set guidelines for the treatment of VTE.*°° 
Recommended treatment includes the initial administration of subcutaneous 
LMWH, subcutaneous or intravenous unfractionated heparin (UFH), subcutaneous 
fondaparinux or DOACs (dabigatran, rivaroxaban, apixaban, and edoxaban) 20°? 
When using LMWH, weight-based therapeutic doses can be given once or twice 
daily and will depend on the agent selected. Intravenous UFH is initiated as a bolus 
(80 units/kg or 5,000 units), followed by continuous infusion (18 units/kg/hr) and 
adjusted to achieve an activated partial thromboplastin time (aPTT) corresponding 
to an anti-factor Xa activity of 0.3—0.7 unit/mL. If monitored subcutaneous UFH is 
chosen, then an initial dose of 17,500 units or 250 units/kg twice daily should be 
selected with the same aPTT target as for intravenous UFH. Fondaparinux is dosed 
at 5 mg daily for a patient weighing <50 kg, 7.5 mg daily for patients weighing 50— 
100 kg, or 10 mg daily for patients weighing >100 kg. It is recommended that 
LMWH or UFH or fondaparinux be overlapped with warfarin for at least 5 days, 
then discontinued when the international normalized ratio (INR) is 2 for 24 hours. 
In patients with either DVT or PE, warfarin should be dosed to maintain an INR of 
23.78 The DOAC class has been studied and approved for use in the treatment of 
acute VTE and prevention of VTE recurrence. When one of the DOACs is used for 
acute VTE treatment, the need for pretreatment with UFH or LMWH will depend on 
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the agent selected. Patients prescribed apixaban or rivaroxaban can start therapy 
immediately upon VTE diagnosis, without need for parenteral pretreatment.2°°” 
However, dabigatran and edoxaban both require pretreatment with UFH or LMWH 
for 5-10 days.*°!? Dosing for the DOAC agents is dependent on renal function. 
Despite U.S. labeling, the DOACs ideally should be avoided in populations that 
were excluded from clinical trials (patients with creatinine clearance below 30 
mL/min and, in the case of apixaban, those with a creatinine clearance <25 
mL/min).°°°?" Table 47-8 lists dosing recommendations for VTE treatment and 
reduction of VTE recurrence with DOACs.7?>30! 

Patients experiencing a first episode of VTE due to a transient risk factor (such 
as drug-induced VTE) should undergo anticoagulation for 3 months.*°* If the 
provoking risk factor remains present (such as a case in which a culprit drug cannot 
be discontinued), the patient should remain on anticoagulation therapy until the risk 
factor is no longer present. Patients with a first episode of unprovoked VTE, 
inherited hypercoagulability, or antiphospholipid syndrome should receive 
anticoagulation for at least 3 months. After 3 months, therapy should be re- 
evaluated and risk-benefit considerations should be weighed to decide whether or 
not to employ extended duration therapy. Extended therapy is recommended for 
patients with a second occurrence of unprovoked VTE and the continuing use of 
treatment should be reassessed periodically (e.g., annually). Patients with cancer 
and a VTE should receive LMWH for the first 3 months, followed by therapy with 
either LMWH or warfarin until the cancer is resolved.*® In rare circumstances, 
thrombectomy or thrombolysis may be considered. Inferior vena cava interruption 
using a filter is also an option for those with contraindications to anticoagulation 
therapy. The ACCP does not recommend routine use of either thrombolysis, 
thrombectomy, or vena cava interruption.7©° 


Heparin should be discontinued in patients who experience thrombotic 
complications related to that drug and an alternative, nonheparin anticoagulant 
should be substituted. A direct thrombin inhibitor should be used initially for the 
treatment of patients with HIT or HIT and thrombosis (HITT).™*! Further studies 
evaluating the role of fondaparinux and the DOACs in the treatment of HIT are 
needed.7*! 

When acute thrombotic complications secondary to warfarin occur, the drug 
should be immediately discontinued and UFH, LMWH, or fondaparinux should be 
initiated. Warfarin should be reinitiated only with extreme caution after the 
resolution of the thrombosis, with very slow dose titration and careful patient 
monitoring. Overlap of warfarin with therapeutic doses of the parenteral agent is 
necessary over | or more weeks until INR is >2.74? 

When a patient experiences drug-induced VTE, the culprit agent should be 
discontinued, when possible, and, 1n most instances, therapy with that drug should 
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not be reinstituted. In cases in which the causative drug cannot be discontinued 
(e.g., in a patient with cancer who is responding appropriately to chemotherapy), 
anticoagulation should be initiated and continued for as long as therapy with the 
culprit drug is required. Hormonal therapy is not associated with an increased risk 
of recurrent VTE in women receiving therapeutic anticoagulation.°™ In such cases, 
the risks and benefits of drug continuation and anticoagulation must be carefully 
weighed and decisions made on a case-by-case basis. 


Table 47-8 DOAC U.S. Labelled Dosing Recommendations for 
VTE Treatment and Reduction of VTE Recurrence 


Recommended 
Pretreatment 
with UFH or 
Drug Dosage Recommendations LMWH 
D abigatran?7! 150 mg BID 5—10 days parenteral 
Renal dose adjustment pretreatment required 
CrCl] <30 mL/min or on dialysis: Avoid use 
CrC1<50 mL/min with concomitant use of strong P-gp inhibitors: 
Avoid use 
Rivaroxaban220| 15 mg BID x 21 days; then 20 mg daily. May reduce to 10 mg No parenteral 
daily for extended treatment after 6 months of therapy pretreatment required 
Renal dose adjustment 
CrCl <30 mL/min or on dialysis: Avoid use 
Concomitant use of strong dual inhibitors of P-gp and CYP3A4: 
Avoid use 
Apixaban?03 10 mg BID x 7 days; then 5 mg BID No parenteral 
May reduce to 2.5 mg BID for extended treatment after 6 pretreatment required 
months of therapy 
Renal dose adjustment 
No recommendations for dose adjustment in renal impairment 
Concomitant use of strong dual inhibitors of P-gp and CYP3A4: 
Reduce dose by 50% if taking 10 mg or 5 mg dose; avoid use if 
taking 2.5-mg dose 
Edoxaban302 | CrC1>50 mL/min: 60 mg daily 5—10 days parenteral 


CrCl 15—50 mL/min: 30 mg daily pretreatment required 
Weight <60 kg: 30 mg daily 


Concomitant use of strong P-gp inhibitor: 30 mg daily 


Renal dose adjustment 
CrCl <15 mL/min or on dialysis: Avoid use 





BID = twice daily, DOAC = direct acting oral anticoagulant, VTE = venous thromboembolism, UFH = 
unfractionated heparin, LMWH = low-molecular-weight heparin. 
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INFORMATION FOR PATIENTS 


Patients receiving drugs known to cause VTE should know the signs and symptoms 
of DVT and PE and should be instructed to contact their primary care provider if 
they experience unilateral pain, tenderness, or swelling, especially in lower limbs, 
or if they experience sudden shortness of breath or chest pain. In addition, patients 
should be counseled about decreasing preventable risk factors, including smoking 
and obesity. Women receiving any type of estrogen therapy should be advised to 
discontinue treatment before, during, and after significant periods of 
immobilization. Extensive education regarding anticoagulant use, drug interactions, 
and monitoring is essential for patients treated for VTE. Finally, patients should be 
advised to keep all their healthcare providers apprised regarding their use of 
prescription and nonprescription medications and changes in drug therapy. 
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CHAPTER 48 


Neutropenia and Agranulocytosis 


Teresa C. Thakrar and Christopher A. Fausel 


Neutropenia has been generally defined as an absolute neutrophil count (ANC) of 
<500 cells/mm? or <1,000 cells/mm? with an expected decline to <500 cells/mm’. ! 
The Infectious Diseases Society of America also defines neutropenia as an ANC of 
<500 cells/mm? or an anticipated decrease of the ANC to <500 cells/mm? but adds 


that the decline must be anticipated within the next 48 hours.* Neutropenia is 
classified as either acquired or intrinsic. Drug-induced neutropenia is an acquired 
neutropenia that is potentially life-threatening.** It occurs most commonly as an 
expected untoward effect associated with antineoplastic drugs. When noncytotoxic 
drugs cause a precipitous decline in neutrophil count, the condition is called 


agranulocytosis, and this disorder is well documented.* Agranulocytosis has been 
defined as a drug-mediated reduction in the peripheral ANC to <500 cells/mm’ due 
to immunologic or cytotoxic mechanisms.’ 


CAUSATIVE AGENTS 


It is common clinical practice in hematology/oncology to administer chemotherapy 
drugs in combination to treat the disease. The risk of myelosuppression with 
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cytotoxic chemotherapy generally increases with an increasing number of agents 
per regimen, increasing drug dose, frequency, and duration of exposure.® 
Conventional cytotoxic chemotherapy drugs include the alkylating agents, 
antimetabolites, anthracyclines, topoisomerase inhibitors, taxanes, and vinca 
alkaloids; all may cause neutropenia when used alone or in combination 
chemotherapy regimens. Most molecular-targeted antineoplastic drugs cause a 
much lower incidence of neutropenia than conventional cytotoxic agents. Select 
tyrosine kinase inhibitors such as imatinib, dasatinib, milotinib, bosutinib, and 
ponatinib cause neutropenia in patients with Philadelphia chromosome-positive 
(Ph+) acute and chronic leukemia, especially in those with more advanced disease. 
An in-depth discussion of specific chemotherapy regimens used in clinical practice 
and their risk for causing neutropenia is beyond the scope of this chapter, and the 
reader is referred to specialized sources for that specific information.”!° 


Commonly used classes of drugs reported to cause agranulocytosis include 
nonsteroidal anti-inflammatory drugs (NSAIDs), antibiotics, antiplatelet, 
antithyroid, antirheumatic, antiarrhythmic, and antipsychotic agents.!°!! In an 
extensive review of the medical literature published between 1966 and 2006, 
investigators found 980 cases of reported agranulocytosis. The authors evaluated 
each of these cases for causality and defined 6% as definite, 44% as probable, 
49% as possible, and 1% as unlikely, using World Health Organization causality 
assessment criteria. A total of 125 drugs were found to be either definitely or 
probably causative.'* A more recent surveillance study conducted in Berlin 
between 2000 and 2010 identified clozapine, sulfasalazine, methimazole, and 
thiamazole as the drugs with the highest probability of causing agranulocytosis, 
which is consistent with previous case-control studies. This indicates a relatively 
unchanged spectrum of causative agents, despite introduction of newly approved 


drugs.!* Table 48-1 lists drugs that have been reported to cause agranulocytosis. |” 
32 


EPIDEMIOLOGY 


Neutropenia is considered to be a dose-limiting toxicity for cancer treatments, and 
accordingly, documentation of this effect is meticulous in phase I, II, and III 
oncology trials.*? Treatment of malignancies such as acute leukemia or procedures 
such as hematopoietic stem cell transplantation use drug doses and schedules to 
intentionally destroy the normal and diseased bone marrow cells to eradicate the 
primary disease. This strategy is illustrated by remission-induction therapy for 
acute leukemia, in which a state of aplasia persisting for several weeks is induced, 
followed by bone marrow recovery.** High-dose chemotherapy requiring an 
outside stem cell replacement source (allogeneic) used in bone marrow transplant 
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procedures typically results in a 2- to 4-week period with bone marrow aplasia 
preceding engraftment of the transplanted bone marrow.*> 


The overall incidence of agranulocytosis has been reported in three large 
epidemiologic studies. A study conducted in Europe and Israel documented an 
incidence of agranulocytosis of 3.4 cases per million population per year.*° This 
estimate is derived from data collected from hospitals by the International Aplastic 
Anemia and Agranulocytosis Study (IAAAS) over a 7-year period. The incidence 
of agranulocytosis in the United States was studied using computerized Medicaid 
billing data from three states from 1980 through 1985.°’ The overall incidence was 
7.2 cases (range, 2.4-15.4) per million population per year. The Dutch healthcare 
system conducted a population-based, case-cohort study to determine the risk of 
agranulocytosis as a reason for hospital admission.7* Review of hospital discharge 
data with subsequent case reviews yielded a mean incidence of 2 per million per 
year over 4 years. 


The most recent epidemiologic data set consists of 17 hematology units in 
Europe contributing to case-control surveillance for agranulocytosis and aplastic 
anemia. The incidence of community-acquired agranulocytosis was 3.4 cases per 
million population per year with a mortality rate of 0.24 per million population per 
year and a case fatality rate of 7%.!7 


The risk of agranulocytosis associated with specific drug classes has been 
studied. A population-based, case-control study was performed with Medicaid 
claim data from six states to determine the association between NSAID use and 
agranulocytosis.*’ The odds ratio was found to be 3.3. No specific NSAID was 
associated with a higher risk, leading the authors to conclude that the low incidence 
does not necessitate establishing usage restrictions for any specific agent(s). These 
findings were similar to those of a previous [AAAS study. > 


The epidemiology of agranulocytosis induced by cardiovascular drugs has also 
been evaluated, and an increased risk of agranulocytosis in patients treated for at 
least 1 week with propranolol, digoxin, dipyridamole, and procainamide was 
found.?? [AAAS and others have documented an increased risk of agranulocytosis 
associated with trimethoprim—sulfamethoxazole and with the macrolide, B-lactam, 
and cephalosporin antibiotics.!*!° Studies have been conducted to document the 
association of agranulocytosis with other drugs, including antithyroid agents, 
sulfonamides, sulfasalazine, and carbonic anhydrase inhibitors. !°72789.3! 


The atypical antipsychotic drug clozapine is known to cause agranulocytosis. 
The manufacturer has instituted a stringent registration program for patients in 
which weekly white cell count monitoring is required before a drug supply 1s 
dispensed. Two large pharmacovigilance studies have examined the incidence of 
clozapine-induced agranulocytosis based on the registry data. In over 11,000 
patients in the United States, the cumulative incidence of agranulocytosis at 1 year 
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was 0.8%. These findings were corroborated by a European study that reported a 
cumulative incidence of clozapine-induced agranulocytosis of 0.73% in 12,760 


patients.*!72 


Table 48-1 Agents Implicated in Drug-Induced Neutropenia and 
Agranulocytosis 





Level of 


Drug Incidence Evidence* 











Abacavir13 NK C 
Acetaminophen14 NK C 
Acetazolamide 15 NK C 
Allopurinoll 1 NK C 
Aminoglutethimide 11 NK C 
Amoxapine |1 NK C 
Aspirinl6 NK C 
Auranofin11 NK C 
B-Lactam antibiotics 11,17,18 C 
Brompheniramine 13 NK C 
Captopril 1 NK C 
Carbamazepine 11 NK C 
Carbimazole19,b C 
Cephalosporins 11,17 NK C 
Clindamycin17 NK C 
Chloramphenicoll 7,18 NK C 
Chlordiazepoxide 13 NK C 
Chlorpheniramine 13 NK C 
Chlorpropamide | 1 NK C 
Chloroquine 17 NK C 
Cimetidine 11 NK C 
Clomipramine 13 NK C 
Clozapine20,21,b B 
Colchicine 13 C 
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Dapsone13,b 
Desipramine 11 
Digoxin22 
Dipyridamole22 
Erythromycin23 
Ethosuximide 13 
Etanercept24 
Famotidine 11 
Flucytosine 17 
Furosemide 13 
Ganciclovir25 
Gentamicin17 
Griseofulvin17 
Hydralazine 13 
Hydrochlorothiazide 13 
Hydroxychloroquine 13 
Imipramine 11 
Infliximab11 
Isoniazid 17 
Levodopa 13 
Mebendazole 17 
Meprobamate 11 
Metoclopramide 13 


Methimazole 19,b 





Methyldopa22 
Nifedipine22 
Nitrofurantom17 
NSAIDs 14,16,26 
Olanzapine 13 
Penicillamine 11 
Phenothiazines 11 


Phenytoin11 
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Potassium perchlorate 13 NK C 
Procainamide22,b C 
Propafenone22 C 
Propranolol22 C 
Propylthiouracill9,b C 
Pyrimethamine 17 NK C 
Quinacrine 17 NK C 
Quinidine22 NK C 
Quinine 13 NK C 
Ranitidine 11 NK C 
Rituximab1l1,a NK C 
Spironolactone22 NK C 
Streptomycin! 7 NK C 
Sulfasalazine27,28,b B 
Ticlopidine29,b B 
Tocainide22 NK C 
Trimethoprim—sulfamethoxazole30 NK C 
Valganciclovir3 1 NK C 
Valproic acid13 NK 6 
Vancomycin! NK C 
Zidovudine || NK C 





NK = not known, NSAID = nonsteroidal anti-inflammatory drug. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bTen or more published cases where agranulocytosis was deemed to be probably or definitely related to the 


drug. 


MECHANISMS 


Neutropenia secondary to chemotherapy occurs as a direct result of the cytotoxic 
effects of these agents on the bone marrow progenitor cells. The principal action of 
most antineoplastic agents is the disruption of cell proliferation, especially relating 
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to cell division and deoxyribonucleic acid (DNA) synthesis.** These drugs all have 
the propensity to damage DNA during replication, particularly in rapidly growing 
tissues such as the bone marrow. Alkylating agents, antimetabolites, antimitotic 
drugs, anthracyclines, and topoisomerase inhibitors appear to cause neutropenia via 
this mechanism.*? Newer immune-based therapies and molecular targeted drugs 
may also cause neutropenia; however, the mechanism involved is less clearly 
understood.” 

Mechanisms of agranulocytosis may be divided into three broad categories: 
type I, immune-mediated; type II, direct toxicity; or type III, a combination of types 
I and II. Mechanisms of agranulocytosis, where known, are summarized in Table 
48-2.°041-52 Th type I agranulocytosis, assays such as leukoagglutination or enzyme- 
linked immunosorbent assay testing may be used to confirm the presence of 
antibodies directed against granulocytes.°°> Chlorpropamide has been shown to 
induce production of specific antibodies that inhibit granulocytic precursor cells in 
a dose-dependent manner.°* Methimazole and propylthiouracil are associated with 
the formation of antibodies to neutrophils.*!*°> Procainamide-associated 
agranulocytosis is believed to result from an immune mechanism distinct from the 
one responsible for the systemic lupus erythematosus—like syndrome associated 
with this drug.4 


Table 48-2 Mechanisms of Drug-Induced Neutropenia and 





Agranulocytosis 


Drug Mechanism 
Antithyroid agents, B-lactam antibiotics, Immune-mediated, with antibody formation against 
procainamide40-43 granulocytes and granulocyte precursors 


Cimetidine, cytotoxic chemotherapy, quinine, quinidine | Direct damage to myeloid precursors 
sulfonamides, ticlopidine29,44-47 


Clozapine49,50 Metabolite-mediated depletion of adenosine 
triphosphate and glutathione-inducing apoptosis 
secondary to oxidative stress 


Flecainide48 Hapten formation 


Type II agranulocytosis is due to direct damage to myeloid precursor cells, 
leading to cell death. Cimetidine and quinidine have been reported to induce dose- 


dependent suppression of the bone marrow cells in vitro.*°*° The suspected 
mechanism of ticlopidine-induced agranulocytosis involves a reactive metabolite 


interfering with normal neutrophil formation.*°*” Activation of reactive metabolites 
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via neutrophil myeloperoxidase mediates N-chlorination of sulfonamides, yielding 
direct neutrophil toxicity.*® 

Type III agranulocytosis may involve hapten formation, which has been linked 
to drugs such as flecainide and the penicillins.?°° There are cases in which 
multiple mechanisms appear to be involved with individual drugs. For example, 
clozapine-induced agranulocytosis may not be due solely to an immune-mediated 
process.°! Accumulation of a nitrenium-containing metabolite of clozapine results 
in depletion of glutathione and adenosine triphosphate that results in apoptosis of 
neutrophils.°* More evidence supporting this theory is that there is typically a delay 
of 14 weeks between clozapine rechallenge and neutrophil disappearance. This 
delay is inconsistent with a normal immune response. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The evaluation of patients with suspected drug-induced neutropenia and 
agranulocytosis requires a careful history and physical examination. In addition, a 
complete blood count with differential should be obtained; however, extensive 
laboratory evaluation or diagnostic procedures are generally not warranted on 
initial presentation, particularly if the ANC is >1,000 cells/mm’. Signs and 
symptoms in patients with neutropenia and agranulocytosis are generally related to 
infectious complications (Table 48-3).°° Without antibiotics or other treatment, 
patients commonly present with septicemia, but may also present with subtle 
symptoms of pneumonia, cellulitis, or oropharyngeal, periodontal, or perianal 
infection.'! Patients with an ANC <500 cells/mm’ are at risk for bacteremia from 
either the bowel or skin flora. Signs and symptoms of infection are typically 
blunted as a consequence of the inability to mount an adequate inflammatory 
response, especially when antibiotics are pre-emptively administered. In the 
absence of overt abnormal findings on physical examination, the clinician must rely 


on the presence of fever as the only reliable indicator of an active infectious 


process.>/ 


Table 48-3 Signs and Symptoms Associated with Drug-Induced 





Neutropenia and Agranulocytosis 


* Bronchitis 

* Chills 

¢ Fever 

* Gingivitis/thrush 
* Lethargy 

¢ Myalgias 
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¢ Pharyngitis 
Sepsis 
Sinusitis 
Stomatitis 

¢ Weakness 


The timing of a neutropenic episode in relation to chemotherapy depends on the 
chemotherapy regimen administered; however, the ANC nadir during most 
myelosuppressive chemotherapy regimens occurs within 7—10 days of initiation of 
the most recent treatment cycle. Myeloablative and high-dose chemotherapy 
regimens may result in ANC nadirs within several days following the start of 


chemotherapy.”!° 


Table 48-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Neutropenia and Agranulocytosis 





* Aplastic anemia 

* Autoimmune neutropenia 

* Chronic idiopathic neutropenia 

* Collagen vascular disorder 

* Cyclic neutropenia 

¢ Human immunodeficiency virus 

* Hypersplenism 

* Leukemia 

¢ Myelodysplastic syndrome 

* Pure white cell aplasia 

* Radiation therapy 

* Recent serious infection such as viral syndrome or sepsis 
Sjégren syndrome 

* Toxic environmental exposure 


Patients presenting with neutropenia who have not received cytotoxic 
chemotherapy require a thorough review of systems for evidence of a recent viral 
infection and a careful medication history that includes a review of the use of 
prescription and nonprescription medications and herbal supplements. The typical 
time course for the onset of agranulocytosis is 7-14 days following exposure to the 
causative drug. Once the causative agent has been discontinued, bone marrow 
recovery can typically be expected within 10-14 days if the neutropenia is 
secondary to a drug/antibody effect directed at mature cells or if neutrophil 
maturation has merely been halted. However, insult to myeloid precursors will 
likely cause delayed recovery of more than 14 days.'! A more extensive diagnostic 
workup to rule out malignancy—particularly leukemia or lymphoma, human 
immunodeficiency virus, or idiopathic neutropenia—may be undertaken in cases in 
which cause is not established (Table 48-4). Anemia and thrombocytopenia were 
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associated with neutropenia in 30% and 10%, respectively, of elderly patients who 
presented with more severe symptoms (i.e., sepsis and/or septic shock). Bone 
marrow aspiration and biopsy with immunologic and cytogenetic evaluation is 
indicated for these patients and those with neutropenia with an undefined cause to 
rule out other underlying pathology. Other clinically relevant causes of neutropenia 


to consider are sepsis, myelodysplastic syndromes, and hypersplenism.!! 


RISK FACTORS 


Risk factors for chemotherapy-induced neutropenia include advanced age, previous 
exposure to chemotherapy or radiation therapy, poor nutrition, and end-organ 
dysfunction (Table 48-5). Factors known to increase the risk of infection in patients 
with neutropenia include the degree and duration of neutropenia, phagocytic 
function, compromise in cellular and humoral immunity, alteration in skin and 
mucosal physical defense barriers, and the patient’s endogenous flora or 


nosocomial colonization.°° 








Table 48-5 Risk Factors for Drug-Induced Neutropenia and 


Agranulocytosis 


* Advanced age 

¢ Autoimmune disease 

* Concurrent or previous treatment with radiation 

* Female sex 

* Genetic predisposition 

* Infection preceding agranulocytosis 

¢ Jewish ancestry (clozapine) 

¢ Leukopenia during initiation of therapy (clozapine) 
* Mononucleosis 

¢ Multiagent chemotherapy regimens 

* Polypharmacy 

¢ Poor nutrition 

* Prior treatment with chemotherapy 

* Renal insufficiency or other end-organ dysfunction 





More intensive chemotherapy treatment programs coupled with the greater 
prevalence of indwelling central venous catheters have increased the number of 
portals of entry for bacteria with the resultant disruption of skin and gastrointestinal 


barriers.°? Chemotherapy or antecedent diseases such as myelodysplastic disorders 


impair the remaining vestiges of phagocytic defense in patients with neutropenia.” 
The increasing incidence of resistant gram-positive and gram-negative bacteria 
places patients with neutropenia at greater risk for morbidity and mortality from 
bacterial sepsis.°! 
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Methods to stratify the risk of infection in febrile patients with neutropenia have 
been published.” A practical approach is to designate patients as either low-risk 
or high-risk for infection. Neutropenia with duration of <7—10 days has been 
defined as low-risk and typically occurs in patients treated for solid tumor 
malignancies. Neutropenia with duration >10 days is defined as high-risk and most 
commonly occurs in patients treated for acute leukemia or undergoing stem cell 
transplantation. As the duration of neutropenia increases, the risk of invasive fungal 
infection increases. Patients who have had neutropenia for 14 days have been found 
to have an increased incidence of invasive aspergillosis or candidiasis.“ 


Advanced age, female sex, mononucleosis, renal insufficiency, autoimmune 
disease, certain drug combinations, and genetic predisposition have all been 
associated with an increased risk for agranulocytosis (Table 48-5).°° LAAAS noted 
that more than half of reported cases of agranulocytosis occurred in patients older 
than 50 years of age. The incidence of agranulocytosis in women is twice that 
reported in men. A higher incidence of agranulocytosis in older patients and in 
women was confirmed with analysis of the clozapine registry data in the United 
States.?! The use of particular drugs in patients with specific disease states, such as 
the use of captopril in patients with renal failure, may increase the risk of 
agranulocytosis. In addition, case reports suggest that the concomitant use of 
captopril and probenecid or interferon may also increase the risk of 
agranulocytosis.© Genetic predisposition to agranulocytosis induced by drugs such 
as methimazole or clozapine may be present in patients with similar 
histocompatibility antigens within certain racial populations or with underlying 
immune disorders.°°°’ A recent study confirmed the role of the previously 
implicated HLA-DQBI variant in clozapine-associated neutropenia and further 
established the relationship between clozapine-associated neutropenia and genetic 
variants in members of a family of hepatic transporters, SLCOIB3 and 
SLCO1B7.° Dosing and duration of treatment may also play a role in frequency of 
drug-induced agranulocytosis. A retrospective study found that methimazole 30 mg 
daily was associated with a significantly higher incidence of agranulocytosis 
compared to those who received 15 mg daily (0.814% versus 0.219%, 
respectively). Duration-dependent neutropenia was studied in B-lactam antibiotic 
usage in an analysis of published reports, where the incidence of neutropenia was 
found to differ significantly based on the duration of B-lactam antibiotic use. The 
incidence of neutropenia in patients treated with B-lactam antibiotics for 10 days or 
greater ranged from 5% to over 15%; whereas, the incidence of neutropenia in 
patients treated with <10 days of antibiotics was as low as 0.1%.” 


MORBIDITY AND MORTALITY 
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Approximately half of patients with neutropenia who become febrile have an 
established apparent or occult infection. The risk is even greater when the ANC 
falls below 100 cells/mm*, where 20% of febrile patients will have a potentially 
life-threatening bacteremia.’' The morbidity and mortality associated with 
neutropenic fever has decreased as a result of prompt recognition, improved 
antibacterial prophylaxis and therapy, and the availability of colony stimulating 
factor support. Organisms such as Pseudomonas aeruginosa, Staphylococcus 
aureus, and Streptococcus viridans pose a mortal threat to patients with 
neutropenia.’*”* In addition, invasive fungal infections, particularly Candida and 
Aspergillus species, are associated with a mortality risk of 90% or more in highly 
vulnerable populations, such as recipients of allogeneic stem cell transplants.” 

In a study published in 1991, prognostic factors were evaluated in 168 episodes 
of agranulocytosis in which the overall mortality rate was 16%.’° In a univariate 
analysis, the presence of renal failure, bacteremia, shock, advanced age, low 
lymphocyte count, low percentage of myeloid precursors, and high percentage of 
bone marrow plasma cells were significant indicators of poor survival. 
Bacteremia, renal insufficiency, and shock remained significantly correlated with a 
fatal outcome with multivariate analysis. More recently, the mortality rate has 
dropped to between 2.5% and 10% with advancements in therapeutic management 
of acute agranulocytosis and its complications. ’” 

Mortality rates due to clozapine-induced agranulocytosis have been reported to 
be 0.016% to 0.017% in two studies that included over 24,000 patients.7!*? A 
French database of 102 cases of agranulocytosis collected over a 15-year period 
revealed that 1 of 21 patients with antibiotic-induced agranulocytosis died.!? The 
Swedish Drug Monitoring System reported mortality in 5 of 19 patients with 
sulfasalazine-induced agranulocytosis over a 6-year period.”? A literature review 
cited 10% mortality in patients with agranulocytosis who had an ANC <100 
cells/mm’, and 3% in patients with an ANC >100 cells/mm?.!? Mortality increased 
from 14% in patients with agranulocytosis and no symptoms of infection to 29% in 
patients with symptoms of infection, regardless of neutrophil count. 


PREVENTION 


Prevention of neutropenia associated with cytotoxic chemotherapy can be 
optimized with two basic strategies. First, the dose of chemotherapy may be 
reduced in patients who have had a documented episode of neutropenia caused by a 
previous cycle of chemotherapy. This option is often pursued in patients receiving 
palliative chemotherapy. The second approach is to stimulate myeloid cell 
production with either filgrastim (granulocyte colony-stimulating factor [G-CSF]), 
pegfilgrastim (pegylated granulocyte colony-stimulating factor), or sargramostim 
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(granulocyte macrophage colony-stimulating factor [GM-CSF]). The 2015 
American Society of Clinical Oncology practice guideline makes practical 
recommendations for use of white blood cell growth factors in patients receiving 
chemotherapy.’*® This group recommended use of colony-stimulating factors if the 
chemotherapy regimen is associated with a documented incidence of febrile 
neutropenia of >20%; in patients who experienced neutropenic fever with a 
previous cycle of chemotherapy (secondary prophylaxis); after remission induction 
therapy for acute leukemia; and after high-dose chemotherapy to accelerate 
engraftment after stem cell transplantation. 


Given the relatively low incidence of agranulocytosis, a practical method for 
early detection or prevention of this drug-induced disease has not been identified. 
There is no reliable, inexpensive assay or test available to identify the rare patient 
who may be at risk for agranulocytosis. Monitoring programs like the one 
implemented for patients receiving clozapine may lead to early detection of a 
declining white cell count. However, the high cost of implementing and 
administering such a comprehensive monitoring program makes it an impractical 
approach, except in very special circumstances. Table 48-6 lists approaches to 
help prevent drug-induced neutropenia and agranulocytosis. 


Table 48-6 Approaches to Help Prevent Drug-Induced 





Neutropenia and Agranulocytosis 


Neutropenia due to cytotoxic chemotherapy 

* Dose modification 

¢ Prophylactic administration of filgrastim (or equivalent) or sargramostim 
Agranulocytosis (general) 


¢ Avoid drugs in the same class as an agent that previously caused agranulocytosis 


Agranulocytosis due to clozapine 


¢ Weekly monitoring of white cell count as recommended by manufacturer 


MANAGEMENT 


Neutropenia can lead to potentially life-threatening complications. As with other 
drug-induced diseases, discontinuation of the culprit agent(s) must always be a first 
consideration when patients present with drug-induced neutropenia or 
agranulocytosis. Drug-induced febrile neutropenia is considered a medical 
emergency and requires immediate evaluation and treatment. Because currently 
available diagnostic tests are not sufficiently rapid, sensitive, or specific for 
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identifying or excluding specific microbial causes of a febrile episode, prompt 
administration of broad-spectrum antibacterial therapy is warranted after blood 
cultures have been obtained. Initial antibacterial therapy is directed at common 
organisms found in the gastrointestinal tract and on the skin. Broad-spectrum 
antibacterial therapy with reliable activity against P. aeruginosa is standard; the 
selection of specific antibiotics should be tailored based on local susceptibility 
patterns. Initial therapy with vancomycin may be instituted in clinical scenarios 
such as sepsis, mucositis, colonization with methicillin-resistant S. aureus or 
penicillin-resistant pneumococci, recent treatment with a _ fluoroquinolone 
antibiotic, or obvious catheter-related infections. Invasive fungal infection should 
be suspected in patients with neutropenia who have a fever that persists despite 
treatment with broad-spectrum antibiotics for 3—7 days. Institution of empirical 
antifungal therapy is standard practice in these cases. Patients with neutropenia in 
whom fever or other signs of infection develop should be treated quickly, following 
established treatment protocols. The Infectious Diseases Society of America has 
published guidelines for the management of neutropenic fever. 


The principal determinant of successful reversal of agranulocytosis is rapid 
recognition and immediate discontinuation of the causative agent. In some cases, the 
antineutrophil antibody test and a bone marrow biopsy and aspiration can help 
confirm a diagnosis of agranulocytosis. After the causative drug is discontinued, 
recovery of neutrophils generally occurs within two weeks. Specific guidelines for 
monitoring white cell counts in patients receiving clozapine have been developed 
to facilitate early detection of agranulocytosis. Given the rare occurrence of 
agranulocytosis with most drugs, however, the benefit of routinely monitoring blood 
counts in the general population is low relative to associated cost. 


There is a large body of literature regarding the use of myeloid colony- 
stimulating factors to facilitate neutrophil recovery in agranulocytosis, although 
most are case reports or series or meta-analyses.’”*’ These agents support the 
survival and stimulate the proliferation of bone marrow progenitor cells, thereby 
increasing neutrophil counts.84 G-CSF and GM-CSF are administered 
subcutaneously in doses of 5 mcg/kg/day and 250 mcg/kg/day, respectively. The 
pegylated formulation of G-CSF (pegfilgrastim) is administered subcutaneously at a 
fixed one-time dose of 6 mg. These agents are costly, but relatively well tolerated; 
the adverse effects are generally limited to bone pain, fever, and injection-site 
reactions. Given the rarity of agranulocytosis, it is unlikely that an adequately 
powered, randomized trial designed to evaluate the benefit of these agents in 
patients with agranulocytosis will be carried out. There are, however, several 
published reports describing the utility of colony-stimulating factors in patients 
with this drug-induced disease.*°7°28> A cohort of 145 consecutive cases of 
agranulocytosis has been reported. G-CSF 300 mcg/day was administered to 101 
of these patients. Although no significant difference in mortality was noted in 
treated patients, G-CSF was found to decrease the median period of recovery to an 
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ANC of 1,000 cells/mm? from 7 to 5 days. In a review of published case reports of 
patients with agranulocytosis, Andersohn and colleagues found that those treated 
with G-CSF or GM-CSF had a shorter median duration of neutropenia (8 days 
versus 9 days) and among asymptomatic patients at diagnosis, had a lower 
proportion of infectious or fatal complications than untreated patients (14% versus 
29%).'* In addition to a reduction in duration of neutropenia, Andres and 
colleagues also reported benefits of G-CSF through decreased length of hospital 
stay and antibiotic duration, particularly in patients who presented with poor 
prognostic factors.’”°/ 


INFORMATION FOR PATIENTS 


Patients undergoing cytotoxic chemotherapy should be counseled regarding the risk 
of neutropenia, the symptoms associated with this drug-induced disease, and the 
importance of seeking prompt medical attention when these symptoms occur. Clear 
written and verbal instructions should be provided outlining information such as 
when to measure temperatures, what constitutes a fever, when to have a complete 
blood count checked, and who to call or where to seek treatment if a fever occurs. 
Patients should be informed that symptoms such as cough, mouth sores, sore throat, 
and shortness of breath necessitate immediate medical attention. Given the 
complexity of modern chemotherapy regimens and the risk for drug interactions 
with chemotherapy agents, antiemetics, and other supportive medications, the 
patient should ensure that the primary oncology providers are aware of all drugs 
being used and screen all new prescription and nonprescription drugs and herbal 
supplements for safety. 


Patients who have experienced agranulocytosis should be advised to avoid 
other drugs within the same structural class when possible. If patients are to 
receive a myeloid colony-stimulating factor to accelerate neutrophil recovery, they 
must be taught the proper technique for subcutaneous injection and counseled 
regarding the risk of injection site reactions, fever, and bone pain. Because these 
agents are expensive, patients may need special assistance to find ways to offset the 
cost. 
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CHAPTER 49 


Anemias 


LeAnn B. Norris and Charles L. Bennett 


Hematologic complications including anemia are an unfortunate consequence of 
modern pharmacotherapy. Most drug-induced anemias are well documented, and 
20-25% are allergic or idiosyncratic.! Idiosyncratic reactions can be difficult to 
recognize and assign causality and may not be directly related to the culprit drug’s 
pharmacology. Aplastic anemia, hemolytic anemia, megaloblastic anemia, and 
chemotherapy-induced anemia are the most common drug-related anemias.” Drug- 
induced anemias can lead to fatal outcomes and reported mortality rates range from 
4% to 70%.° 


The World Health Organization defines anemia as a hemoglobin (Hgb) <13 
g/dL (130 g/L; <8.07 mmol/L) in men or <12 g/dL (<120 g/L; <7.45 mmol/L) in 
women." A decrease in oxygenation secondary to anemia can result in a variety of 
symptoms, including fatigue, shortness of breath, skin pallor, and dizziness. 
Significant cardiovascular sequelae including arrhythmias and heart failure may 
occur in severe cases and when anemia occurs rapidly. The most common causes of 
anemia include blood loss, decreased production of red blood cells (RBCs) due to 
nutritional deficiencies (iron, folate, vitamin B,,), or increased destruction of 


RBCs (hemolytic anemia). These common causes of anemia must be ruled out prior 
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to attributing anemia to drugs alone. A comprehensive medication history (current 
prescription and nonprescription medications, illicit drugs, herbal/nutritional 
supplements, and any medication exposures or changes that have occurred in the 
last 6 months) should be completed as part of the investigation into the cause(s) of 
anemia. The initial work-up for suspected drug-induced anemias should include a 
count of RBCs, white blood cells (WBCs) (with differential), and platelets as well 
as measurement of Hgb concentration, hematocrit (HCT), and mean corpuscular 
volume (MCV). 

Risk factors for drug-induced anemias are not well defined and have not been 
well studied. In a study of over 600 cases, Bottiger et al.? determined the risk of 
drug-induced anemias increases with advancing age and the incidence is higher in 
women than in men. Genetic factors are perhaps the best understood risk factors for 
drug-induced anemias. Patients with glucose-6-phosphate dehydrogenase (G6PD) 
deficiency are at risk for hemolytic anemia when exposed to certain drugs or 
chemicals. G6PD is the rate-limiting enzyme in the pathway that is responsible for 
maintaining adequate concentrations of nicotinamide adenine dinucleotide 
phosphate (NADPH), which maintains glutathione in its reduced form by reducing 
free radical formation. Oxidative stress in patients with G6PD deficiency denatures 
hemoglobin and causes hemolysis.” Glutathione deficiency, peroxidase deficiency, 
and $-thalassemia are other genetic disorders known to increase a patient’s risk for 
drug-induced anemias. 


APLASTIC ANEMIA 


Aplastic anemia is a deficiency in RBCs, WBCs, and platelets (pancytopenia). It 
results in a hypoplastic bone marrow caused by the decrease in hematopoietic stem 
cells.7 


CAUSATIVE AGENTS 


Drugs found to have at least a moderate association with causing drug-induced 
aplastic anemia are listed in Table 49-1. The most common drug classes include 
anticonvulsants (carbamazepine and phenytoin), antibiotics (sulfonamides and 
linezolid), anti-inflammatory agents (nonsteroidal anti-inflammatory drugs), and 
chemotherapy agents. 


Table 49-1 Agents Associated with Drug-Induced Aplastic 





Anemia 


Drug Incidence ; 
Level of Evidence* 
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Acetazolamide8 
Captopril9-11 
Carbamazepine 12-14 
Chloramphenicol 5-18 
Felbamate 19,20 
Furosemide2 1 

Gold salts22-25 
Imatinib26-28 
Linezolid29-32 
Mesalamine56-58 


Methimazole33-36 


1 case per 18,000 patient-years 


3—4 cases per 100,000 years 


127 cases per | million users 
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NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 


Diclofenac37-41 
Etodolac42 
Tbuprofen43 
Indomethacin44 
Salicylates23 
Sulindac45 
Phenytoin46-52 
Sulfonamides5,23,53 
Sulfisoxazole 18 
Sulfasalazine54,55 


Temozolomide59 


ANTIPLATELET DRUGS 


Clopidogrel60 
Ticlopidine6 1-63 


NK = not known. 


Z 
‘a 





Z 
nw 
QO; a;7ar~aralrayayayoay;yalra 


nw 





aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence of death is reported to be 1 per 21,000—36,000 users. 


cIncidence of death is reported to be 1.5 per 10,000 prescriptions. 
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EPIDEMIOLOGY 


Accurate prospective data regarding the incidence of aplastic anemia in the United 
States are lacking. The estimated incidence is approximately 0.6—0.61 cases per 
million population, although this is mostly based on retrospective, historical data 
and death registries.° This rate could be lower now as some of the older causative 
agents are no longer available or are not used as frequently. Epidemiologic studies 
suggest the incidence in Europe is 2 cases per million population.“ Aplastic 
anemia is thought to be more common in Asia, with an estimated 4-6 cases per 
million population. This difference may be due to increased exposure to 
environmental factors, including toxic chemicals (benzene, pesticides, or 
insecticides) or viruses. 


MECHANISMS 


There are two main types of aplastic anemia: inherited and acquired. Drug-induced 
aplastic anemia is thought to be acquired, although like other autoimmune 
disorders, genetic factors may predispose some patients to acquire aplastic 
anemia.°’°S Three mechanisms are thought to cause damage to the pluripotent 
hematopoietic stem cells in acquired aplastic anemia.” The first mechanism, dose- 
dependent drug toxicity, most often caused by chemotherapy or radiotherapy, 
induces transient marrow failure due to suppression of proliferating cell lines. 
Hematopoietic suppression may also occur with continued dose escalation. The 
second mechanism is an idiosyncratic reaction where toxic metabolites of the 
parent drug cause the anemia. The third mechanism is immune-related and occurs 
when drug metabolites form complexes with cellular proteins within bone marrow 
cells. The hapten-protein complex formed due to an exposure to an inciting antigen 
(drug) activates cells and cytokines of the immune system, leading to the death of 
stem cells. Table 49-2 further describes potential mechanisms of the drug- 
induced anemias. 


Table 49-2 Mechanisms of Drug-Induced Anemia 





Anemia Type Mechanism(s) 


APLASTIC ANEMIA 


Chemotherapy platinum-based 
70-75 


Immunologic response—drug metabolites form complexes with cellular 
proteins and ultimately stimulate T-cell autoimmune destruction of 


therapies a, 
hematopoietic precursors 





HEMOLYTIC ANEMIA 





Cefazolin76,77 Drug absorption-cell-bound—nonimmune drug adsorption modifies red blood 
cell membrane and nonimmunologic protein binding 
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Cefotaxime78 Neoantigen—antibody binds drug and red cells 
Cefotetan79-82 Autoimmune—induces a drug-independent immune response 
Cefoxitin83 

Ceftizoxime 84,85 

Ceftriaxone86-90 

Cefuroxime9 1 

Cephalothin77,92 

Quinidine75 

Quinine75 

Melthydopa93,94 





MACROCYTIC ANEMIA 
Phenytoin14,46-52,95,96 
Zidovudine97-99 


Inhibition of DNA synthesis and replication, which leads to abnormal 
erythrocytosis and the production of megaloblasts, which are larger than 
normal erythrocytes 





CHEMOTHERAPY-INDUCED ANEMIA 
Chemotherapy26-28,70-75 
(antimicrotubular agents, 
alkylating agents, camptothecins, 
platinum-based therapies, 
tyrosine kinase mhibitors) 


Myelosuppressive chemotherapy destroys precursors, red cells, which results 
in a hypoproliferative state and eventually anemia; direct cytotoxicity stops 
DNA synthesis and/or replication leading to apoptosis of hematopoietic 
stem cells 





DNA = deoxyribonucleic acid. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The clinical presentation of aplastic anemia may include the typical symptoms of 
anemia such as weakness, fatigue, headache, lethargy, palpitations, and shortness of 
breath (Table 49-3). Neutropenia typically occurs first followed by 
thrombocytopenia. Anemia usually occurs last due to the longer life span of 
RBCs.!° Abnormal bleeding including mucosal or gingival bleeding may be 
present in addition to petechial rashes secondary to thrombocytopenia. Patients may 
develop infections, fever, and pharyngeal ulcerations although data suggest that 
fever may not always be present.!°! The average onset of symptoms is 6.5 weeks; 
however, symptoms have been reported to appear as early as days and as long as 
months following exposure to the offending drug.!°* An extensive work-up should 
be conducted including complete blood count (CBC) and a bone marrow biopsy. 
Chemical and medical drug exposures should be discussed as part of the patient 
interview and are considered an essential part of the differential diagnosis, 
although causality is often difficult to determine. The patient’s past medical history 
including any earlier blood counts should be reviewed and knowledge of a 
personal or family history of pulmonary or hepatic diseases or any other single- 
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lineage cytopenias may be helpful in narrowing the differential diagnosis.!°! 


Additional conditions to consider in the differential diagnosis for drug-induced 
anemia are listed in Table 49-4. A diagnosis of aplastic anemia can be made by the 
presence of two of the following criteria: a WBC count of 3,500 cells/mm or less, 
a platelet count of 55,000 cells/mm or less, or a hemoglobin value of 10 g/dL or 


less with a reticulocyte count of 30,000 cells/mm’ or less.! Aplastic anemia is 
classified as severe when at least two of three peripheral blood smears show a 


neutrophil count of <500 cells/mm’, platelet count of <20,000 cells/mm’, and 
anemia with a corrected reticulocyte index of <1%.?:!™ 





Table 49-3 Signs and Symptoms of Drug-Induced Anemia 


Aplastic anemia 


* Fatigue 

* Headache 

* Lethargy 

* Neutropenia 
o Fever 
o Chills 
o Infection 

¢ Tachycardia 

¢ Thrombocytopenia 
o Easy bruisability 
o Petechiae 
o Bleeding 

* Weakness 


Hemolytic anemia, macrocytic anemia, and chemotherapy-induced 
anemia 

* Fatigue 

* Headache 

* Lethargy 


* Tachycardia 
¢ Weakness 


Table 49-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Anemia 





Microcytic anemia 


¢ Anemia of chronic disease 
¢ Inherited disorders of iron metabolism or hemoglobin synthesis 
o Thalassemias 
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* Tron-deficiency anemia 
¢ Lead intoxication 
¢ Sideroblastic anemias 


Normocytic anemia 


* Acute bleeding 
¢ Anemia of chronic disease 
¢ Anemia of chronic kidney disease 
¢ Anemia of chronic liver disease 
¢ Aplastic anemia 
¢ Leukemias and lymphomas 
* Hypothyroidism 
* Hemolytic anemia 
o Autoimmune 
* Myelodysplasia 


Macrocytic anemia 


* Megaloblastic 
o Vitamin Bj deficiency 
o Folate deficiency 
o Inherited disorders of DNA synthesis 
* Nonmegaloblastic 
o Alcoholism 
o Chronic obstructive pulmonary disease 
o Inherited disorders 
o Refractory anemias 
¢ Aplastic anemia 
* Myelodysplasia 


DNA = deoxyribonucleic acid. 


RISK FACTORS 


Aplastic anemia is rare and drug-induced aplastic anemia is very rare. As a result, 
risk factors are not well defined. Risk factors for all drug-induced anemias can be 


found in Table 49-5. 





MORBIDITY AND MORTALITY 


Aplastic anemia is the most serious of the drug-induced blood dyscrasias. 
Morbidity and mortality in patients with aplastic anemia typically occur as a result 
of infection and bleeding.!°° The average mortality rate is 50% and rises to >70% 
in severe cases with supportive care alone.° 





Table 49-5 Risk Factors for Drug-Induced Anemias 
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Aplastic anemia 


¢ Exposure to pesticides and chemicals 
o Benzene 
o Pesticides 
o Insecticides 

* Occupational radiation exposure 

* Viral exposure (e.g., hepatitis A) 


Hemolytic anemia 


* Infections 

¢ Malaria 

¢ Plasmodium 

¢ Presence of rare inherited disorders 
o G6PD 
o Hereditary spherocytosis 
o Sickle cell anemia 
o Thalassemias 

¢ Exposure to traumatic and microangiographic conditions 
o Valve replacement 
o Graft rejection 


Macrocytic anemia 


¢ Abdominal or intestinal surgery 

* Diet low in vitamin B19 

* Chronic alcoholism 

* Crohn disease 

¢ Intestinal malabsorption syndromes 
¢ Pernicious anemia 


Chemotherapy-induced anemia 


* Patient-related factors 
o Extent and type of cancer 
o Prior myelosuppressive chemotherapy 
o Prior skeletal radiation 
* Regimen-related factors 
o Combination chemotherapy 
o Dose and schedule 
o Duration 
¢ Specific agent administered 
o Platinum-based therapy 
* Cisplatin 
* Carboplatin 
* Oxaliplatin 
o Camptothecins 
* Topotecan 
* Trinotecan 
o Antimicrotubular agents 
* Docetaxel 
* Paclitaxel 
¢ Vinorelbine 
o Alkylating agents 
* Doxorubicin 
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* Gemcitabine 
¢ Mitomycin C 

o Tyrosine kinase inhibitor 
° Imatinib 


G6P D = glucose-6-phosphate dehydrogenase deficiency. 


PREVENTION 


Prevention is challenging because drug-induced anemia is rare and unpredictable. 
Avoidance of drugs associated with aplastic anemia is recommended whenever 
alternatives are available. Regular hematologic monitoring is suggested when 
offending agents can’t be avoided. Patient education and counseling may also play a 
role in prevention. Approaches to help prevent drug-induced anemia are outlined in 
Table 49-6. 


Table 49-6 Approaches to Prevent Drug-Induced Anemia 


* Careful documentation and patient education to prevent rechallenge when drug-induced anemias have 
occurred 

* Consider modifying the chemotherapy regimen to a less myelosuppressive dose schedule or agent in patients 
with risk factors for developng chemotherapy-induced anemia 

* Genetic testing (e.g., G6PD) 

* Hematologic monitoring for drugs with higher risk of anemia 


G6P D = glucose-6-phosphate dehydrogenase deficiency. 


MANAGEMENT 


Due to the high mortality rate, diagnosis and treatment should be initiated quickly. 
Goals for therapy include improving blood counts, decreasing the need for blood 
transfusions, eliminating symptoms, and minimizing the risk for infections. The first 
step is removal of the suspected agent. Supportive care strategies may also be 
necessary, including transfusion support, antibiotic use, and iron chelation therapy 
if iron overload is suspected from frequent transfusions. Additional treatment 
modalities are based on the disease severity. For nonsevere disease, removal of the 
offending agent and supportive care may be sufficient to reverse cytopenias. In 
more severe cases, immunosuppression or hematopoietic stem cell transplant 
(HSCT) may be required. Allogenic HSCT from a human-leukocyte-antigen 
(HLA)-matched sibling donor is the treatment of choice in patients <40 years of 
age. The 5-year survival rate in adults and children under the age of 18 years is 
77% and 90%, respectively.!°°!°7 Not all patients have an HLA-matched sibling, 
and therefore allogeneic HSCT from an unrelated donor should be considered after 
a trial of immunosuppressive therapy. For patients who are not HSCT candidates or 
are older than 40 years of age, immunosuppressive therapy 1s recommended. 
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Combination therapy with antithymocyte globulin (ATG) and cyclosporine has been 
shown to achieve 5-year survival rates of 75—85%.!°8 Other agents have been 
evaluated, but none have shown to be superior to ATG and cyclosporine.! 


INFORMATION FOR PATIENTS 


Patients should be educated on the importance of recognizing signs and symptoms 
of drug-induced anemia whenever they are prescribed medications with known 
risk. Immediate reporting of symptoms to a medical professional is imperative and 
routine monitoring of CBC over the course of therapy is recommended. For patients 
receiving long-term immunosuppressive therapy, education about the potential for 
infection and other known complications is necessary. Patients should understand 
the need for monitoring drug levels to ensure safety and efficacy while taking 
immunosuppressives. 


HEMOLYTIC ANEMIA 


Hemolytic anemia, a normocytic anemia, 1s a result of premature RBC destruction, 
or hemolysis. Hemolysis may occur either from changes in the intravascular 
environment or defective RBCs, both of which may be induced by exposure to 
various drugs. Hemolytic anemia can be immune-related or metabolic. The direct 
Coombs test (also known as a direct antiglobulin test) may be used to detect the 
presence of antibodies on red cells and determine if the hemolytic anemia is 
immune-related. If the test 1s negative, the cells are normal, and other secondary 
causes need to be ruled out. 


CAUSATIVE AGENTS 


Drugs found to have an association with drug-induced hemolytic anemia are listed 
in Table 49-7. Cases of drug-induced hemolytic anemia have been reported with 
cephalosporin and fluoroquinolone antibiotics. Other implicated drugs include H, 


antagonists, antihypertensives, and anti-inflammatory agents. 


EPIDEMIOLOGY 


As with other drug-induced anemias, establishing a clear causal relationship 
between a drug and hemolytic anemia can be difficult. Although rare, drug-induced 
hemolytic anemia does occur more frequently than drug-induced aplastic anemia. 
The estimated incidence of drug-induced hemolytic anemia has been reported as 
approximately 1 in 1.2 million individuals.!* 
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MECHANISMS 


Four mechanisms have been described for drug-induced hemolytic anemia. In the 
hapten mechanism, the body makes an antibody against the drug.'*4 When exposure 
to the drug occurs again, the drug—antidrug complex forms, attaches to the RBC, 
activates the complement and leads to cell destruction.’*!* Penicillin and 
cephalosporins, when given in high doses, are associated with this type of immune 
reaction. The onset of effects can occur over a week, and it may take several weeks 
for counts to normalize once the offending drug has been removed. Other agents 
associated with this type of hemolytic anemia include minocycline and 
streptomycin. !4° 


With the immune bystander mechanism or the innocent bystander phenomenon, 
the drug binds to an antibody (e.g., IgG) to form an immune complex that attaches to 
the RBC, activates the complement, and leads to intravascular hemolysis.’* Once 
the complement is activated, the complex (neoantigen) detaches itself and may bind 
to other RBCs, WBCs, and platelets. Only a small amount of drug is needed to 
cause this reaction, but this mechanism is often severe and may lead to 
hemoglobinuria and renal failure. The RBCs act as “innocent bystanders” in this 
type of immunologic reaction.’* Quinine and several sulfonamides have been 
associated with this mechanism. 


Table 49-7 Agents Associated with Drug-Induced Hemolytic 
Anemia 





Drug Incidence Level of Evidence* 


oe) 


Acetaminophen109 


Ascorbic acid110 





—— 
Carbamazepine 12-14 B 
prescriptions 
CEPHALOSPORINS 
Cefazolin75-77 NK C 
Cefotaxime75,113 NK C 
Cefotetan75,78-82 NK C 
Cefoxitin75,83 NK C 
Ceftizoxime84,85 NK C 
NK C 
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Ceftriaxone78,86-90 
Cefuroxime75,91 
Cephalothin77,92 
Ceftazidime75 
Erythromycm114 


FLUOROQUINOLONES 
Ciprofloxacin115 


Levofloxacin116 
H7-ANTAGONISTS 
Cimetidine 15,16,117,118 
Famotidine 118 
Ranitidine 118,119 
Nizatidine 118 
Interferon alfa65,120,121 
Isoniazid46, 122-127 
Metformin128,129 
Methyldopa93,94,130 
Methylene blue 131 


Nitrofurantom 132 


oe) 
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NONSTEROIDAL ANTI-INFLAMMATORY DRUGS 


Diclofenac38-41,104 
Etodolac42 
Tbuprofen43 
Indomethacin44, 104 
Salicylates23,104 
Sulindac45 
Tolmetin75 
Piperacilln—tazobactam75 
Phenazopyridine 133,134 
Probenecid75 
Quinidine 18,75 
Quinine 18,75,100 
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Rasburicase 135,136 NK C 
Ribavirin! 20,137 NK C 
Rifampin138,139 NK C 
Sulfacetamide 140 NK C 

C 





Z 
nw 


Sulfamethoxazole 141,142 
NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Production of RBC autoantibodies is the third mechanism and has mostly been 
associated with methyldopa-induced hemolytic anemia.”? Autoantibodies can be 
identified even in the absence of the offending drug or its metabolites. The 
mechanism by which methyldopa produces autoantibodies is not completely known. 
Approximately 10-20% of patients receiving methyldopa will develop a positive 
Coombs test; however, <1% of these patients will experience hemolysis. 
Hemolysis may occur from 4 months up to 2 years after initiation of methyldopa 


therapy.’*!47 Cladribine and fludarabine have also been associated with 


autoantibody production. !*° 


The final mechanism for hemolytic anemia is nonimmunologic protein 
adsorption. This occurs when a drug binds to the RBC membrane followed by the 
binding of other proteins. These other proteins are not necessarily antibodies, but 
the net effect is modification of the RBC membrane. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms of drug-induced hemolytic anemia can present within 7-10 days or as 
long as months or even years after drug exposure. The Coombs test detects the 
presence of antibodies on RBCs and may be used as a confirmatory test and/or to 
rule out drug-induced causes.!!” The onset of symptoms may be directly related to 
the mechanism involved. Fatigue, malaise, pallor, and shortness of breath are all 
symptoms associated with hemolytic anemia (Table 49-3). Additional diseases that 
should be considered in the differential for hemolytic anemia can be found in Table 
49-4, 


RISK FACTORS 
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G6PD deficiency is the most common hereditary risk factor for drug-induced 
hemolytic anemia. Other associated abnormalities include thalassemias, hereditary 
spherocytosis, and sickle cell anemia. Additional risk factors are listed in Table 
49-5. 


MORBIDITY AND MORTALITY 


Symptoms from drug-induced hemolytic anemia, especially severe symptoms, can 
increase morbidity. Mortality is low if the true offending drug is discontinued 
immediately. A case series suggests that mortality from drug-induced hemolytic 
anemia is approximately 4%. !4? 


PREVENTION 


Due to the unpredictability of drug-induced hemolytic anemia, prevention of this 
disease can be difficult. G6PD deficiency screening is a good prevention strategy 
in patients where initiating therapies associated with hemolytic anemia is 
imperative. Agents known to be associated with drug-induced hemolytic anemia 
should be avoided when possible. If the use of these agents is necessary, routine 
monitoring of CBC and other hematologic laboratory values is recommended. 
Patients should be educated about the signs and symptoms of hemolytic anemia. 
Additional prevention strategies can be found in Table 49-6. 


MANAGEMENT 


Treatment required for drug-induced hemolytic anemia is largely dependent on the 
severity of disease. Regardless of severity, however, identification and removal of 
the offending drug is the first step. Supportive care strategies should be 
implemented, including blood transfusions where necessary. Hemodialysis may be 
necessary in severe cases. Glucocorticoids may be utilized to treat autoimmune 
hemolytic anemia after the offending agent has been removed.!°° Both chimeric 
anti-CD20 monoclonal antibody rituximab and IgG treatments have been studied for 
treatment of drug-induced hemolytic anemia, but more data are needed before 
routine use can be recommended.!>!:!5* Patients who experience drug-induced 
hemolytic anemia should never be rechallenged with the offending agent. 


INFORMATION FOR PATIENTS 


Patients should be educated regarding the importance of recognizing signs and 
symptoms of drug-induced hemolytic anemia if and when they are prescribed 
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medications known to carry that risk. Immediate reporting of symptoms of anemia 
to a healthcare professional is imperative, and routine monitoring of the CBC is 
recommended while receiving offending agents. Patients with hereditary risks (e.g., 
GO6PD deficiency) should be alerted to the prescription and nonprescription 
medications that should be avoided to prevent drug-induced hemolytic anemia. 





MACROCYTIC ANEMIA 


Macrocytic anemias are characterized by an increase in the average volume of the 
RBC (an increased MCV) and increase in the diameter and thickness of the 
erythrocyte. Megaloblasts are large, immature, and dysfunctional RBCs, and 
macrocytic anemia can be megaloblastic or nonmegaloblastic. Nonmegaloblastic 
macrocytic anemias are most commonly associated with alcoholism or liver 
disease. Megaloblastic anemias are produced by disorders of deoxyribonucleic 
acid (DNA) synthesis, most commonly a result of folic acid and vitamin B,5 
deficiencies. Both dietary vitamin Bj, and folic acid are necessary for DNA 
synthesis; in their absence DNA synthesis is halted, but ribonucleic acid (RNA) 
synthesis continues, leading to protein production and ultimately resulting in 
formation of megaloblasts and macrocytosis. Drugs may cause macrocytic anemia 
by interfering with DNA synthesis and replication leading to abnormal 
erythrocytosis and the production of megaloblasts. 


CAUSATIVE AGENTS 


A list of drugs found to have an association with drug-induced macrocytic anemia 
can be found in Table 49-8. Sulfonamides, metformin, phenytoin, zidovudine, and 
methotrexate are the most common agents with documented case reports of 
macrocytic anemia. 


EPIDEMIOLOGY 


The incidence of drug-induced macrocytic anemia is not well documented. 
Antimetabolites that inhibit DNA synthesis, such as methotrexate and hydroxyurea, 
often cause clinically insigmficant macrocytosis. Methotrexate-associated 
macrocytic anemia occurs in approximately 3-9% of patients.!® Zidovudine- 
induced macrocytosis has been reported as high as 80% in patients with human 
immunodeficiency virus (HIV) and may or may not lead to clinically significant 


anemia. 163,164 


MECHANISMS 
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Folate and vitamin Bj, are essential to DNA synthesis. When there is a deficiency 
in either folate or vitamin B,,, DNA synthesis is halted but RNA synthesis 
continues, leading to an increase in megaloblasts and macrocytosis.!®° Mechanisms 
for disruption of DNA synthesis often vary by drug. Dihydrofolate reductase 


inhibition by either trimethoprim or methotrexate may cause macrocytic anemia. 
Phenytoin has been shown to decrease the absorption of folate or facilitate its 


clearance.”> Zidovudine interferes with the heme protein by inhibiting DNA 
polymerase.'°’ Metformin inhibits the absorption of vitamin By. Additional 
mechanisms for drug-induced macrocytic anemia can be found in Table 49-2. 


Table 49-8 Agents Associated with Macrocytic Anemia 


Level of 
Drug Incidence Evidence* 








Azathioprine46, 153-156 NK C 
Leflunomide 157 NK C 
Mesalamine56-58 NK C 
Metformin! 58,159 C 
Nitrofurantoin160,161 C 
Phenytoin14,46-52,95,96 NK C 
SULFONAMIDES NK C 

Sulfisoxazole53 NK C 

Sulfasalazine 18,54,55 NK C 

Trimethoprim—sulfamethoxazole 142,162 NK C 
Zidovudine97-99,163,164 NK C 





NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


In the presence of low hemoglobin, an increased MCV is indicative of macrocytic 
anemia. Patients may experience common signs and symptoms of anemia, including 


2058 


fatigue, shortness of breath, and skin pallor. Additional signs and symptoms of 
drug-induced macrocytic anemia are listed in Table 49-3. Prior to a diagnosis of 
drug-induced anemia, nutritional deficiencies (e.g., folate and vitamin B,,) and 
malabsorption syndromes must be ruled out. Clinicians should consider 
documenting patients’ baseline folate and vitamin B,, levels prior to initiating 


therapy with agents having high risk for causing drug-induced anemia. 


RISK FACTORS 


Risk factors for drug-induced macrocytic anemia are listed in Table 49-5. 
Conditions that result in a diet low in vitamin Bj, as well as the presence of 


malabsorption syndromes and chronic alcoholism may increase a patient’s risk of 
drug-induced macrocytic anemia. 


MORBIDITY AND MORTALITY 


Macrocytic anemia is not associated with significant morbidity or mortality. In 
severe cases, neurologic complications may occur, but these are reversible if 
caught early and properly treated. 


PREVENTION 


Avoidance of drugs that may be associated with macrocytic anemia is 
recommended. Regular hematologic monitoring is suggested when agents are 
known to cause macrocytic anemia can’t be avoided. Patient education can also be 
important to prevention. Approaches to help prevent drug-induced anemia are 
listed in Table 49-6. 


MANAGEMENT 


Discontinuation of the offending drug is usually recommended in the treatment of 
drug-induced macrocytic anemia. When drug-induced macrocytic anemia occurs 
secondary to chemotherapy, it is typically considered an expected side effect of 
therapy and patients are treated symptomatically while therapy is continued. 
Supplementation of folic acid or vitamin B,, may be considered if their use won’t 
alter the effectiveness of the treatment. Patients receiving trimethoprim— 
sulfamethoxazole may be given folinic acid, 5—10 mg up to 4 times a day, to correct 
macrocytic anemia.!°*:! Folic acid may be considered in patients receiving 
chronic methotrexate therapy to decrease side effects associated with that drug. 
Daily supplementation of folic acid (1 mg) may be utilized to correct drug-induced 
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anemia caused by phenytoin or phenobarbital, although it may decrease the 
effectiveness of the seizure medications.”° 


INFORMATION FOR PATIENTS 


Patients should be taught about the importance of recognizing signs and symptoms 
of drug-induced macrocytic anemia when they are prescribed medications known to 
increase risk. Immediate reporting of symptoms to a healthcare professional is 
important, and routine monitoring of CBC is recommended while patients are 
receiving drugs known to cause this disorder. For patients who are receiving long- 
term folic acid therapy, education about the reason for and the importance of 
supplementation 1s necessary. 


CHEMOTHERAPY-INDUCED ANEMIA 


Anemia occurs in 30-90% of all cancer patients.'’? Causes of anemia in cancer 
patients are often multifactorial, and the etiology can be difficult to determine. 
Other causes of anemia should be ruled out prior to diagnosing and treating a 
patient for chemotherapy-induced anemia (CIA).!7! 


CAUSATIVE AGENTS 


Chemotherapy agents associated with a relatively high incidence of mild-moderate 
anemia are listed in Table 49-9. Multiple drug classes, including alkylating agents 
(cyclophosphamide, carboplatin, cisplatin), antimetabolites (fluorouracil, 
gemcitabine, capecitabine, pemetrexed), topoisomerase inhibitors (doxorubicin, 
irinotecan, etoposide), and taxanes (paclitaxel and docetaxel), are associated with 
CIA. Other agents have been associated with different types of anemia: imatinib 
with bone marrow aplasia and oxaliplatin with hemolytic anemia.2©7°:!72.!73 


Table 49-9 Agents Associated with Chemotherapy-Induced 


Anemia 













Drug Incidence Level of Evidence* 


Cancer chemotherapy70-74,171,174 |37—41% of all cancer patients and |B 
as high as 50-60% of all solid tumor 
patients; grade 3 or 4 anemia in as 
high as 40-55% in cisplatin-based 
therapies 





(single agents and combination 
platinum-based therapies, 
camptothecins, antimicrotubular 
agents, alkylating agents) 





Capecitabine 175 





Erlotinib176 


Z 
nw 


Imatinib26-28 


Z 
| 





C 

C 
Lapatinib175 NK C 
Nilotinib177 NK C 
Oxaliplatin172,173 NK C 
Sunitinib178 NK C 
Sorafenib178 C 
Vemurafenib179 NK C 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


Depending on the tumor type, between 32% and 49% of patients are anemic at the 
time of cancer diagnosis. Rates of CIA are difficult to determine because patients 
with cancer can have multiple anemia etiologies.!°°!°! The myelosuppressive 
effects of chemotherapy are thought to be cumulative; therefore, the incidence of 


anemia may steadily increase with additional cycles of chemotherapy. !®? 


MECHANISMS 


Chemotherapy impairs hematopoiesis and disrupts RBC precursors’ synthesis. ! 
The exact mechanism of chemotherapy-induced anemia can be multifactorial, 
including a decrease in RBC production and a decreased erythropoietin production 
or decreased responsiveness to endogenous erythropoietin. Agents that cause 
nephrotoxicity, including cisplatin, also inhibit erythropoiesis by affecting 
erythropoietin production in the kidney. Anemia from underlying comorbidities, 
chronic blood loss, the cancer itself, or a combination of these factors may 
exacerbate the anemia.!**!®> Cancer cells can also suppress hematopoiesis through 
bone marrow infiltration and increased cytokine release that decreases the 
production and survival of RBCs.!*! Nutritional deficiencies, hemolysis, and 
coagulopathies may also contribute to anemia in cancer patients. Additional 
mechanisms are listed in Table 49-2. 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms of CIA are listed in Table 49-3 and are similar to those found 
in patients with other causes of anemia. According to guidelines for patients with 
cancer, a Hgb level of 11 g/dL or below should prompt an evaluation of anemia. In 
patients with a baseline Hgb >11 g/dL, a drop in Hgb of 2 g/dL or more ina 
relatively short period of time is a cause for concern and assessment.!®! Initial 
assessments should include a CBC with differential, iron studies, folate, vitamin 
B,>, and a detailed history and physical exam including onset of symptoms, 


comorbidities, and any exposure to chemotherapy agents or radiation. If a 
deficiency in iron, folate, or vitamin B,, is found, the deficiency should be treated 


accordingly. Any other cause of anemia that may be rectified independent of cancer 
therapy should also be treated as indicated. When no such etiology is identified, the 


myelosuppressive chemotherapy should be considered the cause of anemia. !*! 


RISK FACTORS 


Risk factors for CIA can be divided into two categories: patient-related risk factors 
and regimen-related risks (Table 49-5). Individual characteristics that increase the 
incidence of bone marrow suppression or predispose the patient to becoming 
symptomatic with anemia are considered patient-related risks. Radiation therapy, 
especially to the bones, can increase the risk of RBCs. Patients with a history of 
receiving chemotherapy may have ongoing anemia of chronic disease. Cancer that 
infiltrates the bone marrow may also increase the risk of CIA due to weakened 
erythropoiesis. Patients with significant cardiovascular, pulmonary, or cerebral 
vascular disease may also have an increased risk of CIA due to lower baseline 
levels of Hgb. Regimen-related risks include the regimen’s anemic potential, length 
of therapy, the use of combination versus single-agent therapy, dosage, and 
administration schedule. 


MORBIDITY AND MORTALITY 


CIA can significantly affect patients’ quality of life, due either to the symptoms of 
anemia or the treatment required to treat the anemia. Prior to initiating therapy, the 
risks of treatment must be weighed against the benefits. Prior to the use of blood 
transfusion, documented complications (e.g., transfusion-related reactions, 
transfusion-associated circulatory overload, bacterial contamination, viral 
infections, and iron overload) should be considered.'*! Although they may help 
reduce the need for RBC transfusions, erythrocyte stimulating agents (ESAs) are 
associated with significant risks including venous thromboembolism (VTE), tumor 
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progression, and death.!8!-!8° For this reason, ESA therapy for chemotherapy- 
induced anemia is only recommended in patients who have a noncurable, 
nonmyeloid cancer who are actively receiving chemotherapy. 


PREVENTION 


A thorough assessment should be conducted at the onset of chemotherapy to 
determine if the patient may be at risk for CIA. Evaluation of underlying risk 
factors, the type of tumor the patient has, and the chemotherapy regimen being 
utilized is appropriate. If the patient’s risk of CIA is high, the healthcare team may 
want to consider an alternative treatment regimen. When treating with curative 
intent, however, substituting treatment regimens simply to avoid CIA may not be 
appropriate. 


MANAGEMENT 


Prior to initiating treatment for CIA, a risk assessment based on the causative 
agent(s), the patient’s past medical history, and baseline laboratory values will help 
determine the initial intervention plan. A decision to use blood transfusions should 
be based on the patient’s symptoms (onset, severity, and duration) and 
comorbidities rather than on Hgb alone.!*! If a rapid correction in Hgb is needed, a 
blood transfusion is the only option. Administration of 1 unit of packed red blood 
cells (PRBC) is estimated to increase a patient’s hemoglobin by 1 g/dL 
nonbleeding. 


ESAs approved for use for CIA include epoetin alfa and darbepoetin alfa. 
Unlike blood transfusions, ESAs can take several weeks to trigger a hemoglobin 
response. The National Comprehensive Cancer Network (NCCN) guidelines 
recommend specific dosing strategies to ensure appropriate treatment and to 
minimize side effects.'*! Risks versus benefits should be discussed with the patient 
prior to initiation. Studies have demonstrated a decrease in survival and tumor 
progression in patients receiving ESA therapy. VTE and hypertension are 
significant effects that may also occur and should be monitored. As a result, the 
U.S. Food and Drug Administration (FDA) has added a boxed warning to ESA 
labeling highlighting the side effects. To minimize complications when ESA therapy 
is deemed necessary, the lowest dose required to avoid the need for blood 
transfusions should be used.!*7:!88 ESA should also be discontinued within 6 weeks 
if chemotherapy is no longer used. Patients who have a curable cancer should not 
be treated with ESA therapy. Recommended dosing of ESAs in provided in Table 
49-10. 
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Table 49-10 
Agent 





Starting Dosage Dosage Increase 


Dosing of Erythropoiesis-Stimulating Agents'® 


Dosing Parameters 





Erythropoietin 150 units/kg sub-Q 


3 times/week 


300 units/kg sub-Q 
3 times/week 





(Procrit, 
Epogen) 


-. 


Hemoglobin must be <10 g/dL to initiate and con- 
tinue the eer 


Darbepoetin 
(Aranesp) 


Sub-Q = 





40,000 units sub-Q weekly | 60,000 units sub-Q weekly 
a ofa 

Decrease by ~25% if rapid rise in hemoglobin 

Discontinue therapy if no response after 8 weeks 

2.25 mcg/kg sub-Q weekly | 4.5 mcg/kg sub-Q weekly | Hemoglobin must be <10 g/dL to initiate and con- 


Not applicable tinue therapy 


500 mcg every 3 weeks 


Evaluate after 6 weeks and increase dosage if rise is 
<1 g/dL 


Decrease by ~40% if rapid rise in hemoglobin 





Discontinue therapy if no response after 8 weeks 


subcutaneous. 


INFORMATION FOR PATIENTS 








Patients should be educated to recognize the signs and symptoms of anemia if they 
are to receive chemotherapy. Immediate reporting of symptoms to a healthcare 
professional is imperative and routine monitoring of CBC is recommended while 
the patient is exposed to possible causative agents. The potential risks and benefits 
of ESA therapy must be discussed with patients prior to the use of those agents, and 
the FDA requires informed consent under the Risk Evaluation and Mitigation 
Strategy (REMS) program. A medication guide must also be provided to patients 
prior to initiation of therapy to ensure understanding of the risks and benefits of 
using ESAs. 
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CHAPTER 50 


Osteoporosis and Osteomalacia 


Laura M. Borgelt and Danielle R. Fixen 


The United States Bone and Joint Initiative, as part of the Global Alliance for 
Musculoskeletal Health, is the U.S. National Action Network of the Global Bone 
and Joint Decade.! It is a group of patient and healthcare professional 
organizations, medical schools, government agencies, health-system providers, and 
industry established to improve prevention of bone and joint disorders and the 
quality of life for those affected by these conditions. The primary goal of this 
initiative is to advance care and reduce the burden of disease for individuals with 
various musculoskeletal conditions. Other goals include increasing awareness and 
educating the world on the increasing societal impact of musculoskeletal injuries 
and disorders, empowering patients to participate in decisions about their care and 
treatment, increase global funding for prevention activities and treatment research, 
and continually seeking and promoting cost-effective prevention and treatment of 
musculoskeletal injuries and disorders. Although many musculoskeletal conditions 
are incorporated into its aims, osteoporosis is recognized as a significant 
contributor to the healthcare burden worldwide. The spirit of this initiative suggests 
that all healthcare providers should increase attention to screening patients, provide 
education, perform research, and work to help ensure proper management and 
follow-up of patients diagnosed with these and related disorders as a way to help 
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prevent the devastating consequences of fracture and its potential complications of 
chronic pain, disability, and death.! This includes evaluation of medications that 
may cause musculoskeletal conditions such as osteoporosis and osteomalacia. 


Deterioration of bone mass not associated with other chronic illness is referred 
to as primary osteoporosis and is related to aging and decreased gonadal function. 
Secondary osteoporosis can be viewed as low bone mineral density or increased 
risk of fragility fracture caused by any factor other than aging or postmenopausal 
status, such as medical disorders or medication exposures.” Differentiating between 
primary osteoporosis and the various causes of secondary osteoporosis can be 
challenging due to the many disease states and drugs that may be involved. 
Individuals with secondary osteoporosis experience bone loss greater than that 
caused by aging and menopause in primary osteoporosis, and it is especially 
important, therefore, to identify, accurately evaluate, and appropriately treat these 
patients. 


Osteomalacia is a softening of the bones, typically due to vitamin D deficiency 
and less commonly due to hypophosphatemia or hypocalcemia. In children, this 
condition is called rickets. Osteomalacia can cause fatigue, bone pain, muscle 
weakness, and difficulty walking and result in bone fracture.* Drugs that may affect 
vitamin D metabolism should be cautiously prescribed in patients at risk for the 
development of osteomalacia. 


CAUSATIVE AGENTS 


Medications commonly associated with osteoporosis or osteomalacia are listed in 
Table 50-1.4>? The impact of each of the medications on bone mineral density 
(BMD) or fracture incidence (or both) is presented where data are available. 

Glucocorticoids are the most common cause of drug-induced osteoporosis, and 
their effects appear to be dose- and duration-dependent.**> An increased risk of 
fracture has been reported for patients taking prednisone 2.5 mg or more daily; 
national recommendations indicate prednisone >5 mg/day (or equivalent exposure 
to other glucocorticoids) for >3 months may result in low bone mass or bone loss. 
Approximately 30-50% of patients receiving long-term glucocorticoid therapy will 
experience a fracture.*748 


EPIDEMIOLOGY 


It is estimated that over 200 million people worldwide suffer from osteoporosis. 
Approximately 10 million Americans have osteoporosis and an additional 43 
million have low bone mass or osteopenia as defined by the World Health 
Organization (WHO). This accounts for approximately 55% of people age 50 
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years and older in the United States. More than 2 million fractures were attributed 
to osteoporosis in 2005 and this number is expected to exceed 3 million by 2025. 
Fracture rates in other countries tend to vary. For example, wrist and hip fracture in 
the United Kingdom occurs at a rate about 30% lower than that in the United States 
and hip fracture incidence differs among various Asian countries. Although 
secondary osteoporosis is known to be common, precise data regarding its 
incidence are not available. More than two thirds of men, more than half of 
premenopausal women, and approximately one third of postmenopausal women 
with osteoporosis have a disease state or drug therapy contributing to their bone 
loss.© The incidence of drug-induced bone loss or increased bone fragility is 
difficult to quantify, as medications usually contribute to an increased risk of 
osteoporosis rather than represent its sole cause. Table 50-1 provides information 
regarding the risks for bone loss and fractures with drug use. 


Vitamin D deficiency is one of the most common secondary causes for bone 
loss and fractures, especially in the elderly. Prolonged, severe vitamin D 
deficiency can lead to poor bone mineralization and osteomalacia. The overall 
incidence of vitamin D-—induced osteomalacia is not precisely known, but it 
appears to be lower in the United States than in many other countries because of 
fortification of milk with vitamin D. 


MECHANISMS 


The process through which bone undergoes repair and readjustment is called bone 
remodeling, and there are three main cells involved in this process: osteoblasts, 
osetocytes, and osteoclasts. Osteoblasts are derived from a mesenchymal stem cell 
precursor and are responsible for synthesizing the organic bone matrix (osteoid) 
and mineralizing the bone. Osteocytes, which are retired osteoblasts trapped in 
bone, are considered the communication cells and help coordinate the remodeling 
cycle at a particular site. Osteoclasts are derived from hematopoietic precursors of 
the monocyte—macrophage lineage and are responsible for bone resorption. 


The remodeling process begins when the receptor activator of nuclear factor 
kappa-B ligand (RANKL), which is secreted from the osteoblast precursor cells, 
binds to its receptor activator of nuclear factor kappa-B (RANK) on the surface of 
the osteoclast precursor cells. This leads to the differentiation and activation of 
mature osteoclasts, which in turn resorb bone through the degradation of the protein 
matrix and demineralization. Once bone resorption is complete at that site, 
cytokines and growth factors that are involved in chemotaxis, proliferation, and 
differentiation of osteoblasts are released. Osteoprotegerin (OPG), a soluble decoy 
protein, is secreted by the osteoblast precursor cells and competes with RANKL 
for RANK. This leads to inhibition of the differentiation and activation of 
osteoclasts, thus stopping bone resorption at that site. Mature osteoblasts form new 
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bone by first laying down collagen and other noncollagenous proteins to create the 
osteoid and then mineralize it. When bone formation is complete, mature 
osteoblasts become either lining cells or osteocytes or undergo apoptosis. That 
section of bone is now in the resting phase, called quiescence, until a new 
remodeling cycle is activated. 


Table 50-1 Agents Implicated in Drug-Induced Osteoporosis 


PRILIMOLIRAI ETE Kar 





Level of 
Drug Incidence Evidence* 
4-7,b BMD: 0.35—1.8% bone loss B 


Antiepileptics 
Fracture: RR 2.18; 95% CI 1.94-2.45 


8,9 BMD: 6.08—7.24% bone loss 
Fracture: OR 1.49; 95% CI 1.25—1.77 


Antineoplastic agents 





10-13 BMD: 1—6% bone loss; patients receiving antiretroviral] B 
therapy with osteoporosis—OR 2.38; 95% CI 1.20— 
4.75; patients receiving PI with osteoporosis—OR 
1.57; 95% CI 1.05—2.34 


Fracture: Not known 


Antiretroviral therapy 


14-19 BMD: 2.5—5% bone loss in spine and 1.5—5% in hip 
(average 2% bone loss per year) 


Fracture: 7.1% with anastrozole; 5.7% with letrozole 


Aromatase inhibitors 


Cand gliflozin2?.7! BMD: Decreases bone mineral density in total hip 


Fracture: 2.7%; difference versus noncanagliflozin 
0.8%; 95% CI 1—1.74 


Cyclosporine22 Not known—usually confounded by concomitant C 
glucocorticoid use 


Depot medroxyprogesterone2>~ | BMD: 2-8% bone loss 
27,c Fracture: Incidence rate ratio versus nonusers 1.41 
(95% CI 1.35—1.47) 





28,29 BMD: Bone loss may increase by 0.3% per year of 
treatment 


Furosemide 


Fracture: RR 3.9; 95% CI 1.5—10.4 


Gonadotropin-releasing hormone | BMD: 6—7% hip bone loss; 5—10% trabecular bone 
30,31 loss 


Fracture: Vertebral RR 1.45; 95% CI 1.19-1.75; hip 
RR 1.3; 95% CI 1.1-1.53 


Methotrexate (high dose)°2-35 BMD: Bone loss 0.2—1.6% C 
Fracture: 12-45% 


BMD: 10—12% bone loss B 


agonists 
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Levothyroxine Fracture: HR 1.56; 95% CI 1.03—2.37 (highest with 


(oversupplementation)> 6-39 doses >150 meg/day) 


40,41 BMD: Not known B 
Fracture: HR 1.28; 95% CI 1.13—1.44 


Proton pump inhibitors 


Selective serotonin reuptake BMD: 4.4-6.2% bone loss B 
inhibitors4243 Fracture: RR 1.61; 95% CI 1.49-1.74 


44-48 |BMD: Density consistently lower than that expected 
for group of similar age and sex 
Fracture: 30-50%; major fracture RR 1.25; 95% CI 
1.07—1.45 and hip fracture RR 1.61; 95% CI 1.18— 
2.20 


Systemic glucocorticoids 


ahivzolidmedioneet BMD: Accelerated bone loss by 0.6—1.2%/yr 


Fracture: Up to 9% 
Women: OR 1.94; 95% CI 1.60—2.35; p <0.001 
Men: OR 1.02; 95% CI 0.83—1.27; p = 0.83 


Unfractionated heparin and low- | BMD: Up to 30% bone loss 


molecular-weight heparin°2~_ | Fracture: 2.2-3.6% 
55,d 


Vitamin A (dose >1.5 mg/day of } BMD: 10-14% bone loss B 
retinol form)>°->? Fracture: Increased RR 


BMD = bone mineral density, CI = confidence interval, OR = odds ratio, RR = relative risk, PI = protease 
inhibitor. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 





Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bMost evidence with phenytoin and phenobarbital (limited or conflicting data with carbamazepine and valproic 


acid). 
cEvidence of at least partial recovery after discontinuation. 
dMost data related to long-term heparin use (=15,000 units for >6 months) rather than low-molecular-weight 


heparins. 


Under normal circumstances, bone remodeling should not lead to a net loss of 
bone. However, after peak bone mass is achieved (typically between 18—25 years 
of age), physiologic changes occur that result in bone resorption exceeding bone 
formation (typically around 40 years of age).°° During perimenopause and for up to 
5—7 years after menopause, women can experience an accelerated rate of bone loss 
due to a drop in circulating estrogen, leading to an increase in osteoclastic activity 
and heightened bone resorption. In the elderly, bone loss at a rate of approximately 
0.5-1% per year is caused by a combination of an accelerated rate of bone 
resorption and a reduced rate of bone formation. Decreased calcium absorption and 
sex hormone concentrations and impaired osteoblast function appear to be the 
largest contributors to bone loss in the elderly. 
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Drugs can contribute to bone loss in patients of any age by interfering with 
various steps in the bone remodeling process. The most common mechanism 
involves increased osteoclast maturation and function leading to accelerated bone 
resorption. Several drugs increase bone resorption by reducing sex hormone 
production. Suppressed osteoblast activity, increased bone resorption, and 
impaired bone mineralization can also be caused by medications.*”° 
Glucocorticoid use is the most common secondary cause of osteoporosis and the 
third most common cause of osteoporosis overall.°’ Glucocorticoids are extremely 
damaging to bone tissue because they can negatively affect all aspects of bone 
remodeling. They decrease bone formation through effects on osteoblasts.°”-°8 
These drugs can interfere with natural repair mechanisms through increased 
apoptosis of osteocytes.°’ They increase bone resorption by increasing the 
expression of RANKL and decreasing the expression of OPG, reducing sex 
hormone production, and causing a negative calcium balance through a decrease in 
calcium absorption and an increase in urinary calcium excretion.°” © 

Endogenous production of cholecalciferol (vitamin D3) from exposure to 


ultraviolet B (UVB) light is the primary source of vitamin D. Activation of 
cholecalciferol occurs in the liver and the kidney. Synthesis can be reduced by 
factors that interfere with the penetration of UVB light into the skin or impair the 
various steps in its conversion. The diet is a secondary source for vitamin D, 
although there are very few foods that have naturally high vitamin D content. 
Vitamin D is important for calcium homeostasis. Adequate concentrations of 
vitamin D are needed to ensure appropriate intestinal calcium absorption and 
adequate concentrations of calcium are needed for proper mineralization of bone. 
Inadequate body stores of vitamin D can lead to insufficient calcium absorption and 
decreased serum calcium concentrations, which can lead to secondary 
hyperparathyroidism. Parathyroid hormone decreases calcium excretion by the 
kidney and increases bone resorption to mobilize calcium stores, thus increasing 
serum calcium concentrations. Increased bone turnover with bone loss and poor 
bone mineralization are consequences of severe vitamin D deficiency. Vitamin D 
deficiency has also been associated with muscle weakness and an increased risk 
for falls.’? Antiepileptic medications including phenytoin, carbamazepine, and 
phenobarbital have been implicated in contributing to severe vitamin D deficiency 
and osteomalacia. Interference with vitamin D metabolism and subsequent 
hypocalcemia is the most common mechanism for drug-induced osteomalacia. Less 
common mechanisms include hypophosphatemia and a direct effect on 
mineralization.’! Table 50-2 describes mechanisms of drug-induced osteoporosis 
and osteomalacia. 


Table 50-2 Mechanisms of Drug-Induced Osteoporosis and 
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Osteomalacia 


Drug 


Antiepileptics: phenytoin, carbamazepine, 


phenobarbital’ 1-73 


Valproic acid® 


Antiretroviral therapy/4 


Nucleoside reverse-transcriptase inhibitors: tenofovir, 


zidovudine, didanosine, lamivudine /> 


Protease inhibitors: nelfinavir > indinavir > saquinavir > 


ritonavir 


76 « 


Nelfinavir, lopmavir,’~ indinavir 


Antineoplastic agents: bicalutamide, busulfan, 


cyclophosphamide, ifosfamide /! 


Aromatase inhibitors (letrozole, anastrozole) !4 


Canagliflozin’/ 


22 


Cyclosporine 


Depot medroxyprogesterone2° 


Furosemide 8 


GnRH agonists (e.g., leuprolide, goserelin)° 1 


Methotrexate (high dose)/® 


Levothyroxine (oversupplementation)/2:8° 


Proton pump inhibitors 


Selective serotonin reuptake inhibitors42-43 


Mechanism 


May cause severe vitamin D deficiency and 
osteomalacia; may induce the cytochrome P-450 
enzyme system leading to inactivation of vitamin D, 
which decreases calcium uptake 


Osteomalacia possibly due to increased renal excretion 
of calcium and phosphorus 


Increase osteoclastogenesis (in vivo) 
Increase osteoclast activity (ex vivo data) 
Decrease expression of OPG (ex vivo data) 


Attenuate the function and recruitment of osteoblasts 
(in vivo) 


Bone loss secondary to inhibitory effects on gonadal 
function 

May cause renal phosphate wasting leading to 
osteomalacia and bone loss 


Inhibit peripheral conversion of androgens to estrogens, 
leading to lower estrogen levels 


Increases serum phosphate concentration causing 
increased PTH concentration leading to bone 
resorption 


Accelerates bone turnover 


Suppresses the hypothalamic-pituitary-ovarian axis 
leading to reduced estrogen 


Inhibits the sodium—potassium—chloride cotransporter 
in the thick ascending limb of Henle leading to renal 
calcium excretion; bone loss appears to be 
minimized by increases in PTH and 1,25- 
dihydroxyvitamin D concentrations and a subsequent 
increase in intestinal calcium absorption 


Decrease production of sex hormones 


Increases apoptosis of osteocytes and number of 
osteoclasts 


Possibly increases bone resorption 


Cause calcium malabsorption secondary to acid 
suppression 


May inhibit serotonin transporter system in osteoblasts 
leading to reduced activity and bone formation 


Decrease bone formation: 
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67-69 * Decrease proliferation and differentiation of 
osteoblastic cells and enhance apoptosis of 
osteoblasts 

¢ Interfere with the bone’s natural repair mechanism 
through increased apoptosis of osteocytes (bone’s 
communication cells) 

Increase bone resorption: 


* Increase the expression of RANKL and decrease 
the expression of OPG, its soluble decoy receptor, 
both of which will increase osteoclastogenesis 

* Reduce estrogen and testosterone concentrations 
by decreasing the production of luteinizing hormone 
from the pituitary and through adrenal suppression 

* Cause a negative calcium balance by decreasing 
calcium absorption and increasing urinary calcium 
excretion 


Systemic glucocorticoids 


49,81,82 | Reduce osteoblastic bone formation by increasing 


Thiazolidinediones (pioglitazone, rosiglitazone) : ; ; = 
adipogenesis and decreasing osteoblastogenesis 


Unfractionated heparin/low-molecular-weight Decreases bone formation and increases bone 
+83 resorption by inhibiting the expression of OPG 
heparin 
Vitamin A (large amounts of retinol form)®485 Increases osteoclastic activity and decreases 


osteoblastic activity leading to increased bone 
resorption; possible interference with vitamin D 
function 


GnRH = gonadotropin-releasing hormone, PTH = parathyroid hormone, OPG = osteoprotegerin, RANKL = 
receptor activator of nuclear factor kappa-B ligand. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The clinical presentation of patients with drug-induced osteoporosis is not 
generally different from that of patients presenting with osteoporosis from other 
causes (Tables 50-3 and 50-4). 








Table 50-3 Signs and Symptoms Associated with Drug-Induced 


60,87 





Osteoporosis and Osteomalacia 


Osteoporosis 
¢ Acute or chronic pain, or no pain (vertebral fracture) 
* Acute pain (nonvertebral fracture) 


* Decreased bone mineral density (T-score —2.5 and below or Z-score —2 and below®) 
* Kyphosis (Dowager’s hump) 
* Low trauma fractures 
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Osteomalacia 


* Decreased bone mineral density 
* Diffuse skeletal pain 

* Hyperparathyroidism 

* Hypocalcemia 

* Hypophosphatemia 

* Low trauma fractures 

¢ Muscle weakness 

¢ Vitamin D deficiency 

° “Waddling” gait 


aT-score represents number of standard deviations below or above the mean bone mineral density for a healthy, 


sex- and race-matched, young adult (20-29 years) reference population; Z-score represents number of 
standard deviations below or above the mean bone mineral density for an age-, sex-, and race-matched 
reference population. 


Table 50-4 Conditions to Consider in the Differential Diagnosis 
y) 


of Drug-Induced Osteoporosis and Osteomalacia 





¢ Alcoholism 

¢ Anorexia nervosa 

¢ End-organ failure and transplantation 

* Endocrine disorders (e.g., hyperparathyroidism, Cushing syndrome, hyperthyroidism, growth hormone 
deficiency, acromegaly, male hypogonadism, hyperprolactinemia including drug-induced hyperprolactinemia, 
diabetes mellitus, vitamin D deficiency) 

* Gastrointestinal disorders (e.g., celiac disease, inflammatory bowel disease, bariatric surgery) 

* Genetic disorders (e.g., Ehlers—Danlos syndrome, hemochromatosis, Marfan syndrome, porphyria) 

* Hematologic/oncologic disorders (e.g., multiple myeloma, sickle cell disease, thalassemia major, systemic 
mastocytosis) 

* Idiopathic hypercalciuria 

* Immobility 

* Infectious diseases (e.g., human immunodeficiency virus) 

* Neurologic disorders (e.g., spinal cord injury/immobilization, Parkinson disease, multiple sclerosis) 

¢ Nutritional deficiencies (e.g., calcium, magnesium, vitamin D) 

¢ Pulmonary disorders (e.g., chronic obstructive pulmonary disease) 

* Rheumatologic disorders (e.g., rheumatoid arthritis, ankylosing spondylitis, systemic lupus erythematosus) 

* Transplantation 


Asymptomatic patients typically are identified through routine BMD testing, and 
T-scores and Z-scores are used to determine whether or not bone disease exists. 
The T-score represents the number of standard deviations below or above the mean 
BMD for a healthy, sex- and race-matched young adult (20-29 years) reference 
population. A Z-score represents the number of standard deviations below or above 
the mean BMD for an age-, sex-, and race-matched reference population. 


Dual-energy x-ray absorptiometry measurements of the hip and spine are used 


to establish or confirm a diagnosis of osteoporosis. For postmenopausal women 
and men 50 years of age or over, a normal BMD is defined as a T-score of —1 and 
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above; low bone mass or osteopenia is defined as a T-score between —1 and —2.5; 
and osteoporosis is defined as a T-score at or below —2.5.°? For premenopausal 
women and men younger than 50 years of age with a suspected secondary cause, a 
Z-score of —2 or below is considered “below the expected range for age” and is 
indicative of osteoporosis.*© When any Z-score is —2 or worse, secondary causes 
of osteoporosis (including drug-induced) should be ruled out, regardless of age. 


The decision to perform bone density assessment should be based on individual 
fracture risk and skeletal health. BMD testing is indicated in adults taking a 
medication (e.g., glucocorticoids in a daily dose of >5 mg of prednisone or 
equivalent for >3 months) associated with low bone mass or bone loss.°:*” The 
WHO fracture risk assessment model incorporates various risk factors along with 
hip BMD results to assess an individual’s risk of future fractures. This tool 
describes the probability of fracture in the next 10 years and can provide guidance 
regarding treatment.*/ 


The National Osteoporosis Foundation and the International Society of Clinical 
Densitometry recommends BMD testing for adults taking medications such as 
glucocorticoids that are associated with bone loss. Central dual-energy x-ray 
absorptiometry screening should be performed as part of the treatment strategy for 
these patients. Most experts agree that a clinical diagnosis of osteoporosis can be 
made without further testing in any patient who has a suspected secondary cause for 
osteoporosis and presents with a low trauma fracture. 


Suspicion of drug-induced osteoporosis is typically higher when the disease is 
identified in individuals in whom it would not typically be expected (e.g., men 
under age 50 or premenopausal women). However, drugs should always be 
suspected as a possible cause of osteoporosis or osteomalacia in any patient 
receiving agents associated with bone loss and fractures. Other secondary causes of 
osteoporosis to consider include lifestyle factors such as excessive alcohol 
consumption, genetic disorders, hypogonadal states, human immunodeficiency 
virus, endocrine disorders, gastrointestinal disorders, and hematologic disorders. 
Table 50-4 lists conditions to consider in the differential diagnosis of drug-induced 
osteoporosis. 


There is no current consensus regarding what constitutes appropriate and cost- 
effective evaluation of patients with suspected secondary osteoporosis. In addition 
to a complete history and physical examination, the National Osteoporosis 
Foundation (NOF) recommends assessing liver enzymes, thyroid-stimulating 
hormone, parathyroid hormone, total testosterone and gonadotropin, serum 25- 
hydroxyvitamin D, and serum and urine calcium.’ The American Association of 
Clinical Endocrinologists recommends a complete blood count and measuring 
serum calcium, phosphorus, total protein, albumin, creatinine, liver enzymes, 
alkaline phosphatase, electrolytes, and urinary calcium excretion.*® Additional 
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laboratory tests may be necessary, and their use will vary depending on the 
suspected cause. 


Signs and symptoms of drug-induced osteomalacia often develop slowly, and 
the presentation is generally not different from that of patients with osteomalacia 
from other causes.’! Typical symptoms include generalized bone pain and muscle 
weakness, which can lead to a characteristic waddling gait. Patients with 
osteomalacia may also present with fractures and with osteopenia or osteoporosis. 
Abnormal laboratory findings in these patients might include hypocalcemia, 
hypophosphatemia, hypovitaminosis D, and increased serum parathyroid hormone 
or alkaline phosphatase concentrations, or both.’! 


RISK FACTORS 


Many patients with drug-induced osteoporosis have other risks that increase the 
likelihood of bone loss and fractures. It is frequently the combination of the drug 
and the underlying risks that lead to osteoporosis. General risk factors for the 
development of osteoporosis include potentially modifiable adverse lifestyle 
practices such as low calcium intake, consumption of three or more alcoholic 
beverages per day, smoking, and inadequate physical activity. Advanced age, 
female sex, history of falls or fractures (or both), low body weight or body-mass 
index, hypogonadism (postmenopausal status), and family history of fracture all 
significantly increase fracture risk and may or may not be modifiable. Several of 
these risk factors are included in the WHO Fracture Risk Assessment Model. 


Several diseases and the drugs used in their treatment have been associated 
with adverse bone effects. It is often difficult to separate the effects of the drugs on 
bone remodeling from the effects of the disease state for which the drug is being 
used. For example, a systematic review identified that patients with chronic 
obstructive pulmonary disease (COPD) were at high risk for osteopenia and 
osteoporosis, with a reported prevalence ranging from 9% to 69% and 27% to 
67%, respectively.°? This review also found low body mass index correlates to 
osteoporosis and/or low BMD. Measures of body composition, disease severity, 
and the use of corticosteroids in COPD make it difficult to prove causality of these 
individual effects on bone health. Similarly, patients undergoing solid-organ 
transplantation are at high risk for osteoporosis due in part to the effects 
antirejection medications have on bone remodeling, even though the effect of the 
underlying organ failure on bone remodeling may be more important. 


Certain patients are at an increased risk for drug-induced vitamin D deficiency 
and osteomalacia. Patients who are institutionalized, live in extreme northern 
latitudes, are elderly, have malabsorptive disease states, have cultural or religious 
beliefs that require full body coverage with clothing, or who belong to ethnic and 
racial groups with darkly pigmented skin are all at increased risk for low vitamin D 
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concentrations.”””! The elderly are especially at risk because of a combination of 
factors including inadequate exposure to sunlight, a reduced skin conversion of 7- 
dehydrocholesterol to vitamin D3, and impaired calcium absorption secondary to 
decreased intestinal responsiveness to vitamin D. Risk factors for drug-induced 
osteoporosis and osteomalacia are presented in Table 50-5. 


Table 50-5 Risk Factors for Drug-Induced Osteoporosis and 


Osteomalacia®9,66 

¢ Advanced age 

¢ Alcohol intake >2 servings per day 
* Current cigarette smoking 

° Female sex 

* History of falls 

¢ History of low trauma fracture in a parent or sibling 
¢ Inadequate calcium intake 

* Low body weight/body-mass index 
* Low-trauma fracture as an adult 

* Physical inactivity 





Selected disease states associated with bone loss and fractures 


* Chronic liver or kidney disease 

* Chronic obstructive pulmonary disease 
* Depression 

* Diabetes mellitus (types | and 2) 
* History of thyrotoxicosis 

* Hypogonadism 

¢ Inflammatory bowel disease 

* Multiple sclerosis 

* Rheumatoid arthritis 

¢ Solid-organ transplant 

¢ Vitamin D deficiency 


ead ad c risk factors 


Antiepileptic agents: Immobility, handicapped patients, combination of agents, higher doses, long-term use, 
factors that contribute to vitamin D deficiency such as darkly pigmented skin, institutionalization, limited 
sunlight exposure, malabsorptive states 

* Heparin: High-dose, long-term 

* Systemic glucocorticoids: Dose- and duration-dependent; higher cumulative exposure 

¢ Thyroid hormone: Oversuppression of thyroid-stimulating hormone to <0.1 milli-international units/L 

¢ Vitamin A: High doses (at least 2 times the recommended daily allowance) 


MORBIDITY AND MORTALITY 


Fractures are the most disconcerting consequence of drug-induced osteoporosis or 
osteomalacia. In 2000, there were an estimated 9 million new osteoporotic 
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fractures worldwide, of which 1.6 million were at the hip, 1.7 million were at the 
forearm, and 1.4 million were clinical vertebral fractures.°* Most of these fractures 
(51%) occurred in Europe and the Americas; the rest occurred in the Western 
Pacific region and Southeast Asia. Furthermore, one in three women over 50 years 
will experience osteoporotic fractures, as will one in five men over 50 years. By 
2050, the worldwide incidence of hip fracture 1s projected to increase by 240% in 
women and 310% in men.” Most fractures in older adults are due in part to low 
bone mass, which can be drug-induced. Fractures can also impact morbidity by 
causing psychological symptoms, especially depression, reduced self-esteem, 
anxiety, fear, and anger as patients struggle with pain, physical limitations, and 
lifestyle and cosmetic changes.°? Approximately 60% of patients with hip fracture 
lose their prefracture level of independence, which may strain interpersonal 
relationships and social roles for patients and their families. Furthermore, about 
20% of patients with a hip fracture require long-term nursing home care.! Although 
many patients with fractures go on to full recovery, others may experience chronic 
pain, disability, and even death. 

Hip fractures increase the risk of mortality within | year after the injury by 8— 
36% and are associated with a 2.5-fold increased risk of future fractures.**”° 
Mortality is also increased after vertebral fractures, which can cause back pain, 
height loss, and kyphosis.°? The postural changes that occur with kyphosis may 
limit activity (e.g., bending and reaching). Vertebral fractures may result in 
restrictive lung disease and/or altered abdominal anatomy, which may lead to 
constipation, abdominal pain, distention, reduced appetite, and premature satiety. 
Vertebral fractures are also major predictors of future fractures with up to a 5-fold 
increased risk for subsequent vertebral fractures and a 2- to 3-fold increased risk 
for fractures at other sites. 

The exact incidence of morbidity and mortality secondary to drug-induced 
osteoporosis is not known. Glucocorticoids are the most common cause of drug- 
induced osteoporosis, and it is estimated that 0.2-0.5% of the general population 
receives systemic glucocorticoids and that 30-50% of patients receiving long-term 
glucocorticoid therapy will experience a fracture.47* 

Fracture risk increases in the first 3 months after glucocorticoid initiation and 
decreases after discontinuing glucocorticoid therapy; however, the risk appears 
never to return to baseline.”° 


PREVENTION 


All persons starting or continuing therapy with a medication known to have bone- 
damaging effects should be assessed for the presence of other possible causes of 
and risk factors for bone loss and fracture. Exposure to potential culprit agents 
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should be minimized by using the lowest dose and shortest treatment duration 
possible. Sometimes it is possible to substitute other drugs or routes of 
administration with similar efficacy but a lower risk profile. For example, inhaled 
glucocorticoids at usual doses are not thought to cause appreciable bone loss as 
compared to systemic glucocorticoids and should be used preferentially whenever 
possible in patients with respiratory diseases such as COPD and asthma.” 
Although data are inconclusive regarding the effects of inhaled corticosteroids on 
bone density, a trend toward decreased BMD and increased fracture risk in patients 
using long-term moderate- to high-dose inhaled corticosteroids has been 
demonstrated.*°”’ In patients who have undergone transplantation, use of 
immunosuppressive agents such as rapamycin, tacrolimus, or mycophenolate 
mofetil, which are less likely to cause osteoporosis than cyclosporine, may be 
considered. Newer antiepileptic drugs such as lamotrigine, topiramate, and 
levetiracetam are less likely than phenytoin, carbamazepine, or phenobarbital to 
cause osteomalacia and osteoporosis. Ritonavir, a protease inhibitor often used to 
boost antiretroviral therapy, has been shown to inhibit osteoclast maturation and 
function leading to reduced bone resorption and may be a bone-sparing alternative 
for patients with human immunodeficiency virus receiving highly active 
antiretroviral therapy.’*’ Raltegravir or abacavir may be better options than 
tenofovir disoproxil for patients at high risk of osteopenia or osteoporosis. !!:! 
Consideration of these types of lower-risk alternative therapies is especially 
important in patients with multiple underlying risk factors for bone loss and 
fractures. 


An important first step in preventing drug-induced osteoporosis 1s educating the 
patient regarding a bone-healthy lifestyle. Patients should be counseled on smoking 
cessation and limiting alcohol and caffeine consumption. Regular weight-bearing 
and muscle-strengthening exercises should be encouraged to help maintain bone 
mass and reduce the risk of falls. Other fall-prevention strategies should be 
discussed with patients at high risk for falling. Methods to achieve adequate intake 
of calcium and vitamin D should be reviewed. Table 50-6 describes approaches to 
help prevent drug-induced osteoporosis and osteomalacia. 


Table 50-6 Approaches to Help Prevent Drug-Induced 
60,69,91,101,102 





Osteoporosis and Osteomalacia 


General strategies 


¢ Identify and manage other secondary causes and risk factors 
* Use an alternative therapy with a lower risk, if possible 
* Use therapy for the shortest time possible and at the lowest effective dose 


Drug-specific 
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2,000—4,000 units/day of oral cholecalciferol (vitamin D3) or 50,000 units of oral ergocalciferol (vitamin D2) 
every 1-4 weeks may be needed in patients receiving enzyme-inducing antiepileptic drugs 

Consider low-molecular-weight heparin instead of unfractionated heparin in patients who require long-term 
anticoagulation and in whom warfarin is contraindicated (e.g., pregnancy) 

Use inhaled glucocorticoids in place of systemic drugs when possible for the treatment of respiratory 
iseases such as asthma and chronic obstructive pulmonary disease 

Use Hp blockers instead of proton pump inhibitor for gastroesophageal reflux disease when possible in 


patients taking a bisphosphonate 

Use multivitamin supplements that contain no more than the recommended dietary allowance of 700 
mceg/day (adult female) to 900 mcg/day vitamin A; upper tolerable limit (adults) = 3,000 mcg/day 

Use steroid-sparing therapies for rheumatoid arthritis, inflammatory bowel disease, and organ transplantation 
when possible 





Bone-healthy lifestyle 


Adequate calcium intake®: 
Age (yr) Recommendation 


1-3 500 mg 
4-8 800 mg 
9-18 1,300 mg 
19-49 1,000 mg 
>50 1,200 mg 


Adequate vitamin D intake: 
Age (yr) Recommendation 


1-18 400 units 
19-49 400-800 units 
>50 800—1,000 units 


Pregnant or lactating 400—800 units 

Alcohol intake <1 serving/day (women) and <2 servings/day (men) 

Caffeine intake <2 servings/day 

Reduce fall risk 

Resistance/strengthening exercises (free weights, resistance bands, weight machines) for 20—30 min/day, 2— 
3 days/wk 

Smoking cessation 

Weight-bearing exercise of moderate intensity for at least 30 min most days of the week 


a1,500 mg of calcium and 800 international units of vitamin D are recommended in patients receiving 


glucocorticoids at a dose of >5 mg prednisone or equivalent for >3 months. 
bHigher intake of vitamin D may be needed in patients with vitamin D concentrations in the deficient range (25- 


hydroxy vitamin D concentration <12 ng/mL). 


MANAGEMENT 





Treatment strategies for drug-induced osteoporosis or osteomalacia are similar to 
those used in the management of primary osteoporosis and osteomalacia and are 
presented in Table 50-7. 


Table 50-7 Approaches to the Treatment of Drug-Induced 


Osteoporosis 
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Fracture Reduction—Key 
Antiresorptive Therapy Clinical Trials 





BISPHOSPHONATES 


Kiendronsie® (10 mg orally daily or 70 mg orally Vertebral: RR 0.45; 95% CI 0.27—0.72; p = 0.001 
103,104 Hip: RR 0.49; 95% CI 0.23—0.99; p = 0.047 
Glucocorticoid-induced osteoporosis (vertebral 
fractures): 0.7% versus 6.8% (p = 0.026) 
alendronate-treated versus placebo, respectively. 


weekly) 


Ibandronate (2.5 mg daily or 150 mg orally monthly or | Vertebral: RR 0.38; 95% CI 0.25—0.59; p = 0.0001 


3 mg IV every 3 months) 195 Hip: NS 
Risedronate® (5 mg orally daily or 35 mg orally weekly Vertebral: RR 0.59; 95% CI 0.43—0.82; p = 0.003 
106-108 Hip: RR 0.7; 95% CI 0.6—-0.9; p = 0.02 


or 150 mg orally monthl 
ae a Glucocorticoid-induced osteoporosis (vertebral 


fractures): 16% versus 5% (p = 0.01) 


Vertebral: RR 0.30; 95% CI 0.24—0.38; p <0.001 
Hip: RR 0.59; 95% CI 0.42—0.83; p = 0.002 


Zoledronic acid* (5 mg IV once yearly) 109 


MONOCLONAL ANTIBODY 
Vertebral: RR 0.38; 95% CI 0.19-0.78; p = 0.006 
Hip: No data 


Denosumab (60 mg sub-Q every 6 months) !10,111 





SELECTIVE ESTROGEN RECEPTOR MODULATORS 
Vertebral: RR 0.7; 95% CI 0.5—0.8 
Hip: NS 


Raloxifene (60 mg/day) 112 





OTHER 
113 Vertebral: RR 0.67; 95% CI 0.47—0.97; p = 0.03 


Hip: NS 


Calcitonin nasal (200 international units/day) 





ANABOLIC THERAPY 

Vertebral: RR 0.35; 95% CI 0.22—0.55; p <0.001 
Hip: NS 

Glucocorticoid-induced osteoporosis (vertebral 


fractures, teriparatide versus alendronate): 0.6% 
versus 6.1% (p = 0.004) 


Teriparatide (20 meg sub-Q daily) !04,114-116 





CI = confidence interval, IV = intravenous, NS = not significant, RR = relative risk, sub-Q = subcutaneous. 
aApproved by the U.S. Food and Drug Administration for glucocorticoid-induced osteoporosis. 


When a drug is believed to be contributing to bone loss, discontinuation of the 
suspected agent or a reduction in dose, when possible, is an important first step. 
Although specific guidelines exist for some medications known to cause secondary 
osteoporosis (e.g., glucocorticoids), even in the absence of specific guidelines, 
most experts agree that bisphosphonates and other approved agents for primary 
osteoporosis are reasonable treatment options for patients with drug-induced 


osteoporosis.” In all cases, counseling patients about the importance of calcium, 
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vitamin D, exercise, and other healthy bone lifestyle practices should be 
incorporated as a part of the treatment plan. 

The NOF recommends consideration of treatment for postmenopausal women 
and men age 50 years and older with the following presentation(s): 


¢ Ahip or vertebral (clinical or found on vertebral imaging) fracture 


¢ T-score <-2.5 at the femoral neck, total hip, or lumbar spine after 
appropriate evaluation to exclude secondary causes 


¢ Low bone mass (T-score between —1 and —2.5 at the femoral neck or spine) 
and a 10-year probability of a hip fracture >3% or a 10-year probability of 
a major osteoporosis-related fracture >20% based on the U.S.-adapted 
WHO algorithm 


Unfortunately, these intervention thresholds do not take into account the added 
risks associated with the use of drugs known to predispose to osteoporosis or 
osteomalacia. The FRAX fracture risk assessment tool may be helpful to determine 
appropriate treatment; however, it should be noted that the model is constructed 
from population-based cohorts with a limited age range, specifically women and 
men >50 years of age.8’ The FRAX tool was not intended for younger women and 
men. Prophylactic treatment with a bisphosphonate should be carefully considered 
in patients at risk for drug-induced osteoporosis or osteomalacia when the T-score 
is below —1 at the spine or hip.©” 


Alendronate, risedronate, zoledronic acid, and teriparatide are approved for 
use in the United States for glucocorticoid-induced osteoporosis; teripartide 
appears to be the most effective of these agents.!!>.!!© Ibandronate and denosumab 
are not approved for this indication, but have been shown to significantly reduce 
fractures in patients with osteoporosis.!:!!! Other medications that may be 
considered for the treatment of drug-induced osteoporosis include calcitonin and 
raloxifene (in women); however, fracture prevention data with these agents are not 
as strong as for other treatment options. !!%-!! 

Treatment strategies for drug-induced osteomalacia primarily focus on the 
causative agent, the vitamin D deficiency, or both. When possible, the culprit drug 
should be discontinued and vitamin D therapy initiated if concentrations are found 
to be insufficient.’' Vitamin D is considered sufficient if the serum 25- 
hydroxyvitamin D concentration is >30 ng/mL.?! High-dose vitamin D 
supplementation may be needed if deficiency is present. A cost-effective method of 
correcting vitamin D deficiency and maintaining adequate concentrations is to give 
patients 50,000 international units of vitamin D, orally once a week for 8 weeks 
followed by 50,000 units of vitamin D, every 2-4 weeks thereafter.’! In addition, 
correction of hypophosphatemia may be necessary and should be considered in 
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patients with drug-induced osteomalacia. Bisphosphonates and other approved 
agents for primary osteoporosis are also reasonable treatment options for patients 
with osteomalacia and a high risk or history of fracture. 


INFORMATION FOR PATIENTS 


Patients receiving medications that may cause drug-induced osteoporosis or 
osteomalacia should be made aware of the potential and extent of risk caused by the 
given agent(s). Patients should be encouraged to engage in lifestyle activities that 
promote bone health, such as weight-bearing exercise, avoidance of tobacco and 
excessive alcohol and caffeine consumption, consumption of adequate calcium and 
vitamin D, and participation in fall risk assessments. Healthcare providers should 
guide their patients in making appropriate decisions about when to perform BMD 
testing and when treatment may be necessary to prevent or treat drug-induced 
osteoporosis or osteomalacia. 


If treatment with a bisphosphonate is warranted, the patient’s ability to swallow 
the medication, renal function, and calcium and vitamin D status should be 
evaluated. When an oral bisphosphonate is to be prescribed, the patient should be 
counseled regarding proper use. Bisphosphonates should be taken 30 minutes (60 
minutes for ibandronate) before the first food or drink of the day. The dose should 
be swallowed with the patient in an upright position and taken with a full glass of 
water. Patients should not lie down for 30 minutes after taking the medication. 
Bisphosphonates should not be taken with any other medication. Premenopausal 
women should be made aware that bisphosphonates are pregnancy category C/D 
and contraceptive measures should be recommended as appropriate. Zoledronic 
acid and ibandronate have intravenous formulations for patients who have difficulty 
swallowing or remembering to take their medication weekly. 
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CHAPTER 51 


Gout and Hyperuricemia 


Jasmine D. Gonzalvo 


Gout is an inflammatory disease induced by monosodium urate crystals that 
precipitate in joints and soft tissues, causing an intense inflammatory reaction. A 
number of drugs may alter urate excretion or increase uric acid production and 
predispose patients to hyperuricemia with or without gout. Hyperuricemia, defined 
as a serum urate concentration >6.8—-7 mg/dL, may contribute to renal, 
cardiovascular, and metabolic risk. In general, pharmacotherapy is not 


recommended for patients with asymptomatic hyperuricemia.!* 


CAUSATIVE AGENTS 


Agents implicated in drug-induced gout and hyperuricemia are listed in Table 51- 
1.'-*4 Reports suggest a variety of contributory mechanisms for each of these agents’ 
ability to increase uric acid concentrations. Hyperuricemia, rather than acute 
attacks or an established diagnosis of gout, is more commonly associated with each 
of these agents. 
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EPIDEMIOLOGY 


In the United States, gout occurs in approximately 3.9% of the general population 
and is more common in men.? A high intake of red meat or alcohol, older age, 
chronic kidney disease, and the presence of the metabolic syndrome (hypertension, 
diabetes, dyslipidemia, and truncal obesity) are all recognized risk factors for the 
development of hyperuricemia and gout.! Although the prevalence and incidence of 
gout have risen over several decades, the prevalence and incidence of drug- 
induced hyperuricemia and gout are not well documented. The incidence of drug- 
induced gout and hyperuricemia varies greatly among the causative agents. 


MECHANISMS 


Several mechanisms for drug-induced hyperuricemia and gout have been identified 
(Table 51-2). The most common mechanism 1s interference with uric acid excretion 
leading to accumulation in serum. The urate—anion exchanger, urate transporter-1 
(URAT1), at the apical brush-border membrane of renal proximal tubular epithelial 
cells plays a role in uric acid reabsorption and can predispose to drug-induced 
hyperuricemia and gout. Drugs that cause cellular death (e.g., antitumor drugs) may 
induce gout by dramatically increasing uric acid concentrations resulting from 
increased protein catabolism. 


Table 51-1 Agents Implicated in Drug-Induced Gout and 
Hyperuricemia 









Drug Incidence __| Level of Evidence* 
Allopurmol53 


nw 


nw 


Aspirin—low dose9 
Cyclosporine 1,10-24 1-10% 
Cytotoxic agents 13,25,53 


Duuretics35-40 


nw 


Ethambutol53-59 


Ethanol60-65,67 1.5% 


nw 


Z Si Z| zZ Z| Zz 


Febuxostat5,6,53 






Levodopa68-71 


i" 
oo 


8% 


nw 


Nicotinic acid53 


OQ} BW] BW] DW) WwW] el] Sl] WD] Ww] Ww] DW 


Pyrazinamide30,53,76,77 


nw 


| 
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Tacrolimus78-8 1 


Teriparatide83,84 


Uricosuric agents5,6,53 


NK = not known. 





aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Table 51-2 Mechanisms of Drug-Induced Gout and 


Hyperuricemia 


Drug 
Allopurinol53 


Aspirin—low dose9,30 


Cyclosporine 10,30 


Cytotoxic agents53 


Duuretics30,53 
Ethambutol30 


Ethanol60-64 


Febuxostat53 
Levodopa68-79 


Nicotinic acid30 


Pyrazinamide30 


Tacrolimus30 


Teriparatide 100 


Uricosuric agents53 






Mechanism 
Not well elucidated 


Decreases renal uric acid excretion 


Increases renal tubular uric acid reabsorption, 
particularly through decreased glomerular filtration, 
increased blood pressure, and interstitial nephropathy 
Release large amounts of uric acid following rapid and 
frequent cell turnover 


Increase renal tubular reabsorption of uric acid 
Decreases renal uric acid excretion 


Decreases uric acid excretion through competition with 
lactic acid; increases uric acid production through rapid 
hepatic breakdown of adenosine triphosphate or 
antidiuretic hormone inhibition and transient 
dehydration 


Not well elucidated 

Not well elucidated 

Stimulates absorption of luminal urate through urate 
transporter- 1 


Stimulates absorption of luminal urate through urate 
transporter- 1 


Increases renal tubular uric acid reabsorption, 
particularly through decreased glomerular filtration, 
increased blood pressure, and interstitial nephropathy 
Likely related to increased serum concentrations of 
parathyroid hormone 


Not well elucidated 
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ALLOPURINOL, FEBUXOSTAT, AND URICOSURIC 
AGENTS 


Although the xanthine oxidase inhibitors allopurinol and febuxostat and uricosuric 
agents such as probenecid and fenofibrate have been effective in the prevention of 
gout attacks, these medications paradoxically induce attacks in some individuals 
soon after initiation of urate-lowering therapy.? These attacks may be due to 
remodeling of articular urate crystal deposits following rapid and substantial 
lowering of urate concentrations.’ It is recommended that allopurinol be started at a 
dose of no greater than 100 mg daily and that the daily dose be increased by 100 mg 
every 2-5 weeks to help avoid a rapid drop in serum urate concentrations 
sometimes associated with precipitation of acute gout. For patients with stage 4 or 
worse chronic kidney disease, the dose of allopurinol should start at 50 mg daily.° 
Febuxostat should be initiated at 40 mg daily and increased to 80 mg daily if serum 
uric concentrations do not reach <6 mg/dL after 2 weeks of treatment.* A similar 
titration strategy should be used when initiating therapy with uricosuric agents. 
Individuals treated with these agents should maintain adequate hydration, and 
therapy should begin with low doses and the dose increased slowly over several 
weeks to avoid excessive uricosuria and possible kidney stone formation. Although 
fenofibrate has demonstrated benefit for the treatment of hyperuricemia through its 
uricosuric properties, it has not been associated with precipitation of acute gout 
attacks.>-/ 


Patients receiving long-term treatment with allopurinol or uricosuric agents are 
also at risk for gout with sporadic medication adherence. Extra efforts to thoroughly 
educate patients as to why the prescribed medication is beneficial and important 
and to encourage adherence to prescribed regimens is advised. 


ASPIRIN—LOW DOSE 


In doses <2 g daily, aspirin has been shown to cause uric acid retention and 
hyperuricemia due to ¢rans-stimulation of URAT1.° Higher doses of aspirin are 
uricosuric due to the cis-inhibition of URAT1.® The effect of minidose aspirin on 
urate excretion was examined in 49 elderly patients.” A 6% increase in serum urate 
concentration and a 23% decrease in urate clearance was seen during the first week 
of aspirin therapy, but these values returned to baseline by week 3, even though the 
dose of aspirin was increased from 75-325 mg daily. Urate clearance and 
creatinine clearance were reduced in parallel. The hyperuricemic effects of aspirin 
were more pronounced in patients also taking diuretics and those with 
hypoalbuminemia.” In a large, prospective case-crossover study in a population of 
patients diagnosed with gout, aspirin daily doses of <325 mg were associated with 
an almost twofold increased risk of recurrent attacks of gout as compared to daily 
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aspirin doses >325 mg. However, this study examined aspirin use only in the prior 
2 days and did not follow patients for a longer time period to identify longer-term 
trends. 


Most clinicians would not withhold low-dose aspirin therapy in patients at high 
risk for cardiovascular disease who also have gout, as the cardiovascular benefits 
likely outweigh the risk of an increased frequency of gout attacks. Thorough patient 
education regarding the risks and benefits of low-dose aspirin therapy along with 
regular serum urate monitoring may be warranted in patients with pre-existing gout. 
If the decision is made to initiate treatment for hyperuricemia or gout in patients 
receiving low-dose aspirin, xanthine oxidase inhibitors or uricosuric agents may be 


considered.® 


CYCLOSPORINE 


Cyclosporine, an immunosuppressive agent commonly used to prevent rejection in 
patients with solid organ transplants, is associated with hyperuricemia. This effect 
is due to alteration of renal tubular handling of uric acid leading to decreased urate 
excretion.!° It is estimated that hyperuricemia develops in up to 80% of patients 
receiving cyclosporine.!:!! Gout has been reported to develop in 4—24% of patients 
who have undergone transplantation and are receiving cyclosporine.!! Burack and 
colleagues reported hyperuricemia in 72% of males and 81% of females treated 
with cyclosporine following heart or heart-lung transplantation.!° In another study, 
42% of patients receiving cyclosporine required allopurinol therapy for 
hyperuricemia as compared with only 9% of those who did not receive 


cyclosporine. ! 


Although hyperuricemia appears to be quite common in patients who have 
undergone renal transplantation, nephrolithiasis is unusual and renal failure is 
extremely rare. Nonetheless, the American Society of Nephrology recommends 
measuring the serum urate concentration within the first 2-3 months of cyclosporine 


therapy. !*74 


CYTOTOXIC AGENTS 


Drug-induced hyperuricemia associated with cytotoxic drugs can lead to significant 
renal compromise. Cytotoxic drugs may induce tumor lysis syndrome, a condition 
that occurs following chemotherapy with a high cell kill. Tumors most likely to be 
associated with tumor lysis syndrome include mature B-cell and T-cell lymphomas 
such as Burkitt lymphoma, lymphoblastic lymphoma, and some acute leukemias, 
although breast and lung tumors have also been implicated.*> The rapid and 
frequent cell turnover associated with cytotoxic agents can result in the release of 
intracellular contents into the blood, including large quantities of potassium, 
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phosphorus, and uric acid. Uric acid nephropathy develops as a result of the 
precipitation of uric acid crystals in the kidney. High-risk patients routinely receive 
prophylactic therapy for tumor lysis syndrome consisting of pretreatment with 
hydration, urine alkalinization, and allopurinol. Rasburicase can be considered as 
an alternative to allopurinol. Advantages of rasburicase include a faster onset of 
action and increased ability to lower uric acid as compared with oral allopurinol. 
Disadvantages include hypersensitivity reactions and hemolytic anemia, although 
these are rare.!? 


DIURETICS 


Diuretics, commonly used for the treatment of hypertension, increase serum urate 
concentrations in a dose-dependent manner by directly increasing proximal tubular 
reabsorption of uric acid and through volume depletion and resultant increased 
urate reabsorption by the proximal tubule. Research has_ explored 
pharmacogenomic associations with diuretic-induced hyperuricemia, although 
definitive conclusions have yet to be determined.*°7’ Hypertension itself has been 
independently associated with the development of gout.7°*? However, a connection 
between use of diuretics and an increased risk of gout in hypertensive patients 1s 
controversial.°°*4 In a trial involving 3,693 patients with hypertension who were 
treated with thiazide diuretics, investigators found an association between diuretic 
therapy and elevated serum uric acid concentrations but concluded that these 
elevations did not correlate with kidney damage or significant increases in the 
frequency of gout.*> A case-control study reported no relationship between the use 
of diuretics and an increased risk of gout.*° Conversely, Choi and colleagues*’ have 
suggested that diuretics increase the relative risk of gout by almost 80% with an 
absolute incidence of gout in individuals treated with diuretics around 3%. 
Moreover, a study of 197 patients who had experienced a gout attack within the 
past year revealed a significantly increased risk of recurrent gout attacks attributed 
to the use of thiazide diuretics.** A retrospective population-based case-control 
study in a population of 91,350 patients with a first-time diagnosis of gout found an 
increased risk of gout with the use of loop, thiazide, and thiazide-like diuretics but 
not with potassium-sparing diuretics.*? 

Diuretics, along with angiotensin-converting enzyme inhibitors (ACEIs), 
angiotensin II receptor blockers (ARBs), and calcium channel blockers, are 
considered to be preferred drugs for the initial treatment of hypertension as they are 
highly effective and work well in combination with other classes of 
antihypertensives.*° Concern about the possible precipitation of gout should not 
keep patients with hypertension and asymptomatic hyperuricemia from receiving 
diuretic therapy, although caution should be used with these agents in patients with 
gout. Of note, gout is unlikely to occur with hydrochlorothiazide doses <50 mg 
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daily or chlorthalidone doses <25 mg daily.*? Some evidence also exists suggesting 
that ACEIs, B-blockers, and nonlosartan ARBs are associated with an increased 
risk of gout.78°?+!47 Losartan and calcium channel blockers have been associated 
with a decreased risk of developing gout.2°°"8-? 


ETHAMBUTOL 


Ethambutol, an antitubercular agent, has been shown to decrease renal uric acid 
excretion.°°" Increased uric acid levels have been noted as early as 24 hours and 
as late as 90 days after initiation of ethambutol treatment.?! In one study, 
investigators evaluated 131 patients treated for active tuberculosis. One group 
received ethambutol, streptomycin, and isoniazid, while the control group received 
streptomycin, isoniazid, and thiacetazone. Increased serum uric acid concentrations 
were found in 66% of patients in the ethambutol group, whereas patients in the 
control group experienced no significant change.°* Of note, only two cases of gout 
were reported in the trial.°>°4 A second study of 14 patients with tuberculosis and a 
history of gout also documented an increase in serum uric acid concentrations after 
ethambutol treatment.°> However, none of the patients progressed to have acute 
attacks of gout. Louthrenoo and colleagues°? also found a minor, reversible 
increase in uric acid levels in a small population of 16 patients with tuberculosis 
treated with ethambutol or pyrazinamide. Ethambutol must typically be used in 
combination with pyrazinamide to effectively treat tuberculosis. Close monitoring 
for signs and symptoms of gout is warranted in these patients because the 
concomitant use of these two agents may impart greater risk than the use of either 
agent alone.°4°°-*? 


ETHANOL 


Gout has been noted in association with excess ethanol consumption for centuries. 
Touted as “the disease of kings,” gout was first reported after royal feasts at which 
large amounts of ethanol and meats were consumed. It is now known that ethanol 
can lead to hyperuricemia through both decreased uric acid excretion and increased 
uric acid production.©-°* When consumed in excess, ethanol causes the rapid 
hepatic breakdown of adenosine triphosphate and increases urate production. 
Excessive ethanol consumption may also induce lactic acidosis. Lactic acid 
competes with urate for excretion through the kidney. Alcohol-induced inhibition of 
antidiuretic hormone may lead to transient dehydration, which can temporarily 
increase serum uric acid concentrations.°” Secondarily, excess ethanol consumption 
may lead to long-term obesity, which has been associated with underexcretion of 
uric acid. A correlation between beer consumption and relative risk for developing 
hyperuricemia has been established, although moderate wine consumption does not 
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appear to increase the risk of gout. A related prospective study from Choi and 
colleagues recognized alcohol consumption as an independent risk factor for gout. 
Patients with gout should be advised to limit alcohol consumption, especially beer.’ 


LEVODOPA 


Levodopa use has been associated with an increase in serum uric acid 
concentration.°*”° In one retrospective review, 48% of the 86 patients treated with 
an average of 4.3 g of levodopa per day developed elevated serum uric acid 
concentrations. The incidence of clinically evident gout was not reported.’! 
Conversely, in a small, case-control study by Andreadou and colleagues,’ an 
inverse relationship between levodopa dose and uric acid levels was found. 
Patients with concurrent diagnoses of gout and Parkinson disease treated with 
levodopa should be monitored for symptoms of gout. Risks and benefits should be 
evaluated when determining the most appropriate treatment for patients who have 
both gout and Parkinson disease. When levodopa is determined to be the drug of 
choice, the risks and benefits of prophylactic therapy for gout should also be 
evaluated. 


NICOTINIC ACID 


Nicotinic acid, a drug used to treat dyslipidemia, stimulates the absorption of uric 
acid through URAT1, which is located at the apical brush-border membrane of 
renal proximal tubular epithelial cells and is responsible for local uric acid 
reabsorption. Increased nicotinic acid concentrations stimulate URAT1-dependent 
anion exchange with uric acid, which may result in hyperuricemia.~” 

One study reported a decrease in uric acid excretion of up to 75% when 
nicotinic acid was given in doses up to 4.5 g daily (a much higher dose than usually 
tolerated by patients because of flushing).*’ Another study reported that nicotinic 
acid in doses of 1 g daily reduced the excretion of uric acid by 62%.°* Serum uric 
acid levels may increase by 5—15% in patients receiving nicotinic acid, but for 
most patients these elevations are clinically inconsequential.’ Depending on the 
primary lipid target, multiple classes of medications may be substituted to achieve 
desired effects while reducing the risk of drug-induced hyperuricemia and gout. 
When possible, patients with a predisposition for gout should be maintained on 
agents other than niacin to decrease cardiovascular risk. 


PYRAZINAMIDE 


Pyrazinamide, a drug chemically related to nicotinic acid, is primarily indicated for 
the treatment of tuberculosis. Like nicotinic acid, pyrazinamide stimulates the 
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absorption of uric acid through the urate—anion exchanger URAT1. 
A major metabolite of pyrazinamide, pyrazinoic acid, inhibits the renal tubular 


secretion of uric acid also contributing to hyperuricemia.’* As many as 43—-100% of 
individuals treated with pyrazinamide, alone or in combination, experience 


hyperuricemia.’ One retrospective epidemiological survey of 226 patients treated 
with pyrazinamide at an average dose of 1.18 g daily found peak uric acid levels 
between 10—11.9 mg/dL in males and 8—9.9 mg/dL in females, although, no acute 


attacks of gout occurred.’ Patients treated with pyrazinamide must be monitored 
for the development of gout and, because adherence to multiple drug therapy is a 
significant concern with tuberculosis treatment, attacks must be managed 


appropriately so that antitubercular therapy can continue uninterrupted. ’°-”7 


TACROLIMUS 


Limited conclusive data exist regarding the potential for hyperuricemia in patients 
treated with tacrolimus, a calcineurin inhibitor associated with impaired uric acid 


excretion.’ A retrospective medical record review of recipients of liver 
transplants revealed that 42% of 43 patients treated with tacrolimus experienced 


hyperuricemia.” Similarly, a study comparing cyclosporine and tacrolimus in 
stable recipients of renal transplants found significant elevations in serum uric acid 
concentrations for both groups.®° In addition, switching patients from cyclosporine 
to tacrolimus was not associated with a significant decrease in uric acid 
concentrations, although this approach had previously been proposed as a method 


to control cyclosporine-induced hyperuricemia.®! Switching from a twice daily to a 
once daily formulation of tacrolimus also did not result in an improvement in 


tacrolimus-induced hyperuricemia.* 


TERIPARATIDE 


The parathyroid analog hormone teriparatide has been associated with dose- 


dependent elevations of uric acid.®* Increases in serum uric acid concentration to 
above 9 mg/dL have been associated with doses ranging from 20 to 40 mcg 


daily.*’* To date, acute gout attacks have not been associated with teriparatide 
therapy; therefore, increased monitoring and prophylactic therapy are not warranted 
in most cases. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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Signs and symptoms associated with drug-induced gout and hyperuricemia are 
listed in Table 51-3. The clinical presentation of drug-induced gout does not differ 
from that of gout associated with other causes. A patient presenting with gout 
should have a careful medication history taken to identify drugs that could be 
contributing to the disease. Patients with acute gout present with pain, swelling, and 
erythema, often involving just one or a few joints. An increased skin temperature is 
often noted over the affected joints and is associated with the inflammation. The 
onset of symptoms is abrupt in most patients. Acute attacks commonly occur 
overnight, as the affected joint space becomes saturated with monosodium urate 
following water reabsorption at the site. 


Table 51-3 Signs and Symptoms Associated with Drug-Induced 


Gout and Hyperuricemia?®,101,102 





¢ Abrupt onset of attacks, usually lasting 5—10 days 

¢ Asymmetric swelling within a joint on radiograph 

* Involvement of one or more joints 

¢ Joint fluid culture negative for organisms during attack 
¢ Pain, erythema, swelling over joints 

¢ Subcortical cysts without erosions on radiograph 

¢ Symptom presentation at night 

° Tophi 


Unlike most other inflammatory arthritic conditions, most patients have no 
symptoms between attacks. This characteristic can be useful in differentiating gout 
from other arthritic conditions. Some patients may have involvement of associated 
tendons and present with more diffuse swelling, a condition called tenosynovitis. 
Over a period of days, sloughing of superficial skin layers may occur and this is 
associated with intense inflammation. The most frequently involved joint is the first 
metatarsal joint at the base of the first toe (gouty inflammation in this location is 
sometimes called podagra), although any joint may be affected. Distribution is more 
common in the distal portion of the lower extremities. Extreme pain over the 
affected joint is usually noted. Characteristically, patients report pain so severe that 
they do not wear shoes and cannot even tolerate the weight of bedcovers over the 
involved joint. Pain associated with minor stimuli is called allodynia. 


Gout may present at any age, but the incidence peaks between the ages of 50 
and 70 for men and between the ages of 50 and 90 for women. Earlier presentation 
is more likely to be associated with enzyme defects, renal disease, drugs, or toxins. 
Initially, patients typically experience rare, intermittent attacks involving one or a 
few joints. Over time, attacks may become more frequent and are more likely to be 
polyarticular. Eventually, patients may have a chronic, polyarticular arthritis, which 
may be difficult to distinguish from rheumatoid arthritis. 
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A key diagnostic finding that occurs in some patients is the presence of gouty 
tophi, which are subcutaneous deposits of uric acid in a nodule. These may occur 
anywhere, but are frequently found on fingers, elbows, and ankles and over the 
metatarsal joints. The outer helix of the ear may also be involved. Tophi are 
painless and may have a characteristic yellow color. In some cases they drain 
chalky white material, which is found to contain uric acid crystals when examined 
microscopically under polarized light. Other diseases, such as rheumatoid arthritis, 
which may cause rheumatoid nodules, and hyperlipidemia, which may cause 
xanthomas, should be considered in the differential diagnosis of patients with 
nodules (Table 51-4). Needle aspiration is a fairly simple test that may be 
performed to assist in differentiation. In most patients, gout is recognized long 
before the development of tophi, and appropriate treatment to lower serum uric 
acid concentrations prevents the development of these lesions. 


Table 51-4 Conditions to Consider in the Differential Diagnosis 
101,102 


of Drug-Induced Gout and Hyperuricemia 





* Cellulitis 

¢ Fractures 

* Infectious arthritis 

¢ Palindromic rheumatism 

* Pseudogout (calcium pyrophosphate deposition disease) 
* Rheumatoid arthritis 


A definitive diagnosis of gout may be made by the identification of intracellular 
uric acid crystals in synovial fluid neutrophils obtained on aspiration of an 
inflamed joint. Examination under a polarized light microscope is necessary to 
properly identify these crystals. Measurement of serum uric acid concentration may 
be of some value, although patients can have normal serum concentrations during 
acute attacks.®> In the absence of crystal diagnosis, the presence of the following 
criteria permits a presumptive diagnosis: (1) hyperuricemia, (2) history of acute 
attacks of arthritis with asymptomatic periods between attacks, and (3) the ability 
of colchicine or nonsteroidal anti-inflammatory drugs (NSAIDs) to abort an attack. 
Historically, the criteria for the accurate classification of gout have lacked 
specificity and sensitivity. With the advent of advanced imaging techniques, in 
combination with other subjective and objective signs and symptoms, the 
classification of gout has become more standardized, specific, and sensitive. Table 
51-5 outlines the American College of Rheumatology/European League Against 
Rheumatism collaborative initiative classification criteria for gout. A cumulative 
score >8 using this tool is consistent with gout.* 
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Other potential causes of episodic arthritis must also be considered in 
evaluating patients for gout. Pseudogout is a disease caused by calcium 
pyrophosphate deposition and may be the most difficult to differentiate from gout. 
Calcium pyrophosphate crystals have morphology and polarizing characteristics 
that are different from those of uric acid crystals, so analysis of synovial fluid may 
be the best method to differentiate between gout and pseudogout. The presence of 
calcification of synovial cartilage (chondrocalcinosis) on a radiograph may also be 
helpful in differentiation, as this is found in patients with pseudogout but not gout. 
Septic arthritis, cellulitis, fractures, and a rare condition called palindromic 
rheumatism are other medical problems that may mimic gout and should be 
considered in the differential diagnosis. 






Table 51-5 The American College of Rheumatology/European 





League Against Rheumatism Gout Classification Criteria®®,a 
Categories Score 
Step 1: Entry criterion (only apply criteria in Step 3 to | At least one episode of swelling, pain, or 
those meeting this entry criterion tenderness in a peripheral jomt or bursa 


Step 2: Sufficient criterion (if met, can classify as gout | Presence of monosodium urate 
without applying criteria below) monohydrate crystals in a symptomatic 
joint or bursa (i.e., in synovial fluid) or 





tophus 


Step 3: Criteria (below) to be used if sufficient 
criterion (Step 2) are not met: 


CLINICAL 


Pattern of joint/bursa involvement during symptomatic | Ankle or mid-foot (as part of monoarticular | 1 

b or oligoarticular episode without 
involvement of the first 
metatarsophalangeal joint) 


episode(s) ever 


Involvement of the first 
metatarsophalangeal joint (as part of 
monoarticular or oligoarticular episode) 


Characteristics of symptomatic episode(s) ever 

+ Erythema overlying affected joint (patient reported {One characteristic 
or physician observed) Two characteristics 

* Can’t bear touch or pressure to affected joint Three characteristics 

* Great difficulty with walking or inability to use 
affected joint 





Time course of episode(s) ever 

Presence (ever) of >2, irrespective of anti- One typical episode 
inflammatory treatment: Recurrent typical episodes 

* Time to maximal pain <24 hours 

* Resolution of symptoms in <14 days 


Ne 
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* Complete resolution (to baseline) level between 
symptomatic episodes 


Clinical evidence of tophus 

Draining or chalk-like substance nodule under 
transparent skin, often with overlying vascularity, 
located in typical locations: joints, ears, olecranon 
bursae, finger pads, tendons (e.g., Achilles) 


Laboratory 
Serum urate: Measured by the uricase method <4 mg/dL® 
Ideally should be scored at a time when the 6 to <8 mg/dL 
patient was not receiving urate-lowering 8 to <10 mg/dL 
treatment and it was >4 weeks from the >10 mg/dL 


start of an episode (i.e., during the 
intercritical period); if practicable, retest 
under those conditions; the highest value 
irrespective of timing should be scored 


Synovial fluid analysis of a symptomatic joint or 


Monosodium urate crystal negative 


bursa (should be assessed by a trained observer)4 


Imagin 


Imaging evidence of urate deposition in symptomatic _| Present (either modality) 
jot or bursa: ultrasound evidence of double-contour 


sign! 
demonstrating urate deposition® 


or dual energy computed tomography scanner 


Imaging evidence of gout-related joint damage: 
conventional radiography of the hands and/or feet 


demonstrates at least one erosion” 





aA web-based calculator can be accessed at http://goutclassificationcalculator.auckland.ac.nz and through the 


American College of Rheumatology (ACR) and European League Against Rheumatism (EULAR) websites. 
bSymptomatic episodes are periods of symptoms that include any swelling, pain, and/or tenderness in a 


peripheral joint or bursa. 
cIf serum urate level is <4 mg/dL (<0.24 mmol/L), subtract 4 points; if serum urate level is >4—6 mg/dL (0.24 


— <0.36 mmol/L), score this item as 0. 
dif polarizing microscopy of synovial fluid from a symptomatic joint or bursa by a trained examiner fails to show 


monosodium urate monohydrate (MSU) crystals, subtract 2 points. If synovial fluid was not assessed, score this 
item as 0. 
elf imaging is not available, score these items as 0. 


fHyperechoic irregular enhancement over the surface of the hyaline cartilage that is independent of the 


insonation angle of the ultrasound beam (note: false-positive double-contour sign [artifact] may appear at the 
cartilage surface but should disappear with a change in the insonation angle of the probe). 
gPresence of color-coded urate at articular or periarticular sites. Images should be acquired using a dual-energy 


computed tomography (DECT) scanner, with data acquired at 80 kV and 140 kV and analyzed using gout- 
specific software with a 2-material decomposition algorithm that color-codes urate. A positive scan is defined 
as the presence of color-coded urate at articular or periarticular sites. Nailbed, submillimeter, skin, motion, beam 
hardening, and vascular artifacts should not be interpreted as DECT evidence of urate deposition. 

hErosion is defined as a cortical break with sclerotic margin and overhanging edge, excluding distal 


interphalangeal joints and gull-wing appearance. 
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Source: Reprinted with permission from Neogi T, Jansen TL, Dalbeth N et al. 2015 gout classification criteria: 
an American College of Rheumatology/European League against rheumatism collaborative initiative. Ann 
Rheum Dis. 2015; 74:1789-98. 


RISK FACTORS 


The risk factors for drug-induced hyperuricemia and gout (Table 51-6) are 
identical to those for patients with nondrug causes. Male sex increases risk, and 
gout is 7 times more likely to develop in men than in women. High baseline serum 
uric acid concentrations increase the risk. Healthy men with serum uric acid 
concentrations of >9 mg/dL are 10 times more likely to have gout than those with 
concentrations 7—-8.9 mg/dL and 50 times more likely than those with concentrations 
<7. The risk in patients with uric acid concentrations >9 mg/dL is roughly 5% 
annually. Other factors known to increase risk are a history of hypertension, diet, 
and obesity.°.8788 Diets rich in beef, pork, lamb, or seafood, which contain high 
amounts of purines, can contribute to hyperuricemic states. Conversely, 
consumption of large amounts of low-fat dairy products is associated with a 
decreased risk of the development of hyperuricemia and gout.*? Patients who have 
a combination of the aforementioned risk factors are at an especially increased risk 
for drug-induced hyperuricemia and gout.! Genetic variations have been explored 
as causative factors of hyperuricemia and gout, but the clinical relevance of these 


variations has yet to be determined.” 


Table 51-6 Risk Factors for Drug-Induced Gout and 
1 


Hyperuricemia 





¢ Alcohol consumption 

* Decreased renal function 

* Dehydration 

¢ Elevated baseline serum uric acid concentration 
* History of hypertension 

* Hyperparathyroidism 

* Ketoacidosis or lactic acidosis 

* Lead nephropathy 

¢ Lymphoproliferative and myeloproliferative disorders 
* Obesity 

* Psoriasis 

* Sex (male >female) 


MORBIDITY AND MORTALITY 
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Gout as the primary cause of death is extremely rare.?! As compared to men without 
gout, an increased risk of all-cause mortality and cardiovascular disease mortality 
has been found in men with gout.?* Although acute gout can be severe and lead to 
clinic or emergency department visits, the condition is generally self-limiting and 
resolves rapidly with appropriate treatment. 


Gout accounted for about 2.3 million ambulatory care visits annually from 2001 
through 2005 and was approximately 1.5% of the 1.17 million nonfederal, short- 
stay hospitalizations in 2007.%? The estimated medical expenditures attributable to 
gout were $2,805 per person or $7.7 billion overall.” 


PREVENTION 


Approaches to help prevent drug-induced gout and hyperuricemia are listed in 
Table 51-7. Overall, healthy diets rich in vegetables and low-fat or nonfat dairy 
products have been associated with a reduced risk of gout.”> Routine monitoring of 
serum uric acid concentrations is not currently recommended, as it is not thought to 
be helpful in predicting risk of gout in an individual patient, and evidence of 
adverse consequences associated with asymptomatic hyperuricemia is limited at 
this time. Many patients, even those with hyperuricemia, will not develop gout 
when given drugs with the potential to precipitate attacks. In most cases, the 
benefits of drug therapy outweigh the risks associated with an acute gout attack, 
particularly when one considers the ability to successfully treat the patient should 
an attack occur and the self-limiting nature of the disease. 


Table 51-7 Approaches to Help Prevent Drug-Induced Gout 


and Hyperuricemia 





Ethanol 


* Reduced consumption of beer, in particular, but also wine and spirits 


Nicotinic acid 

* Use another class of lipid-lowering drugs when appropriate according to primary lipid target 

Diuretics 

* Hydrochlorothiazide doses <50 mg daily and chlorthalidone doses <25 mg daily when clinically appropriate, 
possibly in combination with other antihypertensives“2: losartan and calcium channel blockers have shown 


some benefit in reducing diuretic-induced hyperuricemia2®3 9,43-49 


Cytotoxic agents 
¢ Pretreat with hydration, urine alkalinization, and allopurinol or urate 13 
¢ Allopurinol, febuxostat, and uricosuric agents 
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* Slowly titrate dose upward following initiation of therapy; encourage strict compliance and avoid 


unwarranted interruptions in therapy” 3 


Patients receiving drugs with the potential to cause gout should be monitored 
for symptoms that might suggest the onset of disease. From a practical standpoint, 
however, the severity of pain associated with an attack is such that most patients 
readily volunteer that information or present for care when an attack occurs. 


MANAGEMENT 


Decisions regarding whether or not to discontinue drugs that may be precipitating 
gout must be based on an assessment of risk and benefit.”° When alternative therapy 
is available, a change to a drug less likely to cause hyperuricemia may be rational, 
although this strategy may not ensure prevention of future attacks. In some cases, 
drugs simply unmask patients already predisposed to the disease. These patients 
are at increased risk for future attacks even without further exposure to the suspect 
drug. In cases in which a suspect agent is deemed essential to a patient’s treatment, 
prophylactic therapy to help prevent future attacks may be considered. 

Hyperuricemia has been associated with renal, cardiovascular, and metabolic 
risk.> However, treatment of asymptomatic hyperuricemia is not recommended, as 
drug cost and potential toxicity outweigh known therapeutic benefit, although 
further studies may eventually support the need to treat the disorder to help prevent 
other complications. Nonpharmacologic and pharmacologic treatment is 
recommended for individuals who experience signs and symptoms of 
hyperuricemia and gout. 


Limiting the consumption of purine-rich meats (beef, lamb, and pork) and 
seafood (sardines and shellfish), high fructose corn syrup—sweetened beverages 
and foods, salty condiments and foods, and alcohol (especially beer) may be of 
benefit to patients with gout.> Consuming low or nonfat dairy products is also 
encouraged. Dietary changes have been suggested to decrease serum urate by about 
10-18%, which may prove beneficial for individuals with hyperuricemia albeit 
with limited efficacy for those with uric acid levels well above 7 mg/dL. 


For individuals with hyperuricemia and at risk for acute attacks of gout, if a 
decision is made to initiate prophylactic therapy to help alleviate patient 
discomfort, patients with mild disease may be managed effectively with colchicine 
or NSAIDs. Similarly, acute breakthrough attacks of gout can generally be treated 
with NSAIDs or colchicine, particularly when symptoms are recognized early and 
treated promptly. Patients who experience continued breakthrough attacks despite 
prophylactic treatment may be candidates for urate-lowering therapy. Allopurinol 
or febuxostat are recommended first-line treatment agents for individuals who 
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require urate-lowering therapy. The main goals of treatment should be resolution of 
signs and symptoms and a serum uric acid concentration of 6 mg/dL or less.’ Figure 
51-1 outlines treatment strategies for gout. 








Causative or suspect drug identified 
contributing to drug-induced gout 










1. Emphasize preventive measures 
2. Discontinue or decrease dose of causative agent, if possible 
3. Patient education,with initiation of diet, lifestyle recommendations 


Management of Acute 
Gout Attack 


Long-Term 
Management of Gout 


Mild to Moderate Pain Treat to Serum Urate Target for Individual Patient 


Choose one of the following agents + Minimum serum urate target is <6 mg/dL (target <5 mg/dL 
for monotherapy*: may be needed to improve signs and symptoms) 


* NSAID (or COX-2 inhibitor) 


2 : : h ne first-line urate lowering ther. e [am 
+ Systemic corticosteroids Choose one first-line urate lowering therapy 


aoe * Allopurinol 

Wescen tear * Febuxostat 

* Topical ice as needed * Probenecid (if either of the above are not tolerated or 
Severe Pain contraindicated) 


Use initial combination therapy of 


one of the following: 
Cc 
* Colchicine + NSAIDs 


* Oral corticosteroids + colchicine 
* Intra-articular steroids + all other 
treatment options 


FIGURE 51-1 Treatment Strategies for Drug-Induced Gout*-?’ 


4Switch to alternate monotherapy or add-on combination therapy if inadequate response from initial choice. 
Inadequate response is defined as <20% improvement in pain score within 24 hours OR <50% at 24 hours 
(evidence grade C). 


bEvidence Grades for Recommendations: Level A—supported by multiple randomized clinical trials or meta- 
analyses; Level B—derived from single randomized trial or nonrandomized studies; and Level C—consensus 
opinion of experts, case studies, or standard-of-care. 


“Increase dose of urate-lowering therapy if serum urate target is not achieved. 
NSAID = nonsteroidal anti-inflammatory drug. 


Prophylactic treatment with colchicine or anti-inflammatory drugs is 
recommended during the initiation of therapy with any of the uricosuric agents to 
help reduce the likelihood of gout attacks during that time. Colchicine in doses of 
0.6 mg 1-2 times daily is recommended as first-line prophylaxis against acute 
attacks.°° Alternatively, low-dose NSAIDs such as ibuprofen 200—400 mg once or 
twice daily or naproxen 250 mg twice daily may also be used. 


2122 


Xanthine oxidase is important in the metabolism of azathioprine and 6- 
mercaptopurine, and patients should have azathioprine doses reduced by 75% when 
allopurinol is administered concomitantly.’ Even with dose reduction, patients 
receiving the combination are at increased risk for bone marrow suppression. 
Azathioprine and cyclosporine are frequently used together in transplant-rejection 
regimens and, because cyclosporine is associated with gout and hyperuricemia, 
allopurinol may be prescribed. Caution in determining azathioprine dose is 
warranted in these situations.” 


INFORMATION FOR PATIENTS 


Patients who receive medications known to increase the risk of hyperuricemia and 
gout should be warned about the possibility of this disease developing and should 
be familiar with its common symptoms. Patients should be informed that the risk of 
gout is quite small and that the condition is self-limiting and relatively easy to 
manage, particularly when treatment is initiated soon after the onset. Patients 
receiving prophylactic therapy for gout should understand the importance of 
continuing therapy as prescribed and should be warned that attacks can be 
precipitated if medications are stopped and restarted. Patients should also be 
advised to limit alcohol intake and informed about the benefits of increasing the 
amount of low-fat dairy products in the diet. 
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CHAPTER 32 


Myopathy 


Craig Williams 


Over 150 marketed drugs have been associated with myopathy.! Although many 
cases are asymptomatic and self-limiting, the most severe forms can be fatal.* The 
initial diagnosis is usually made clinically, and because appropriate management 
includes cessation of the causative agent, it is imperative for clinicians to be aware 
of the drugs commonly associated with myopathy and the presenting signs and 
symptoms of this drug-induced disease. 

Although myopathies are sometimes reported as being painful, they most often 
present as weakness without pain.*” Patients with weakness may use descriptors 
such as numbness or fatigue and may describe a general discomfort which is not 
truly painful. It is, therefore, important to get the patient’s accurate history, 
including a careful description of symptoms. In many cases, elevations in serum 
creatine kinase (CK) concentration indicate extensive myocyte death, but 
symptomatic myopathy and weakness may be present without an elevated CK. 
Because of the varied clinical presentation, the descriptive terminology of 
myopathy is important. For consistency, the following definitions will be used for 
this chapter (adapted from a clinical advisory from the National Heart Lung Blood 
Institute*): 
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¢ Myopathy—a general term referring to any disease of the muscles. 
Myopathy encompasses all of the following, more specific definitions: 


o Myalgia—muscular pain and/or weakness in the absence of elevations 
of CK. 


o Myositis—elevated CK with or without muscular pain or weakness 
(typically >2 times the upper limit of normal [ULN] which is 
approximately 200 units/L). 


0 Rhabdomyolysis—muscular pain and/or weakness with CK elevation 
(at least >2 times and often >10 times the ULN) and evidence of acute 
renal disease (myoglobinuria and often, but not necessarily, elevated 
serum creatinine). 


Myopathy associated with substance abuse or toxicity (e.g. ethanol, 
acetaminophen) or severe hypersensitivity reactions (malignant hyperthermia and 
toxic epidermal necrolysis) are not addressed in this chapter. 


CAUSATIVE AGENTS 


Definitive associations with some medications have been established while many 


others are linked only through case reports (Table 52-1).°>° Drugs may cause 
painful or painless myopathies. 






Table 52-1 Agents Implicated in Drug-Induced Myopathy 


Level of 
Drug Incidence Evidence* 








Tl Ze. 
wl xs] A 
oN 


Aminocaproic acid5 C 
Amiodarone6 C 
Chloroquine7,52 C 
Clofibrate8 5—40% B 
Colchicine9-11 B 
Corticosteroids (systemic) 12-17,21,b A 
Cyclosporine 18,c B 
Diuretics2,19,20 B 
D-penicillamine21,22 B 
Etretinate19,23 C 

NK C 
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Ezetimibe24,d 








Fibrates8,25 B 
Finasteride9,26 C 
Hydroxychloroquine 19,27 C 
Interferon28 B 
Ipecac2,19,29,30 B 
Labetolol3 1,32 C 
Laxatives 19,27,33 NK B 
Leuprolide34 NK C 
Procainamide35 NK C 
Proton-pump inhibitors36,37,e C 
Rifampin19,20,38 C 
Statins4,25,39-43,53-55 A 
Tenofovir26,33 NK C 
Terbinafine51 NK C 
Teriparatide50 C 
Tetracycline44 NK C 
Vincristine 19 NK B 
Zidovudine45-49 10-15% C 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence much higher with higher doses and with fluorinated steroids. 


cMore common when administered concomitantly with other drugs, especially statins. 
dMore common in patients with previous statin myopathy. 


eMore case reports implicating omeprazole likely reflect greater usage of that agent within the class. 


Painful myopathies include necrotizing myopathy, mitochondrial myopathy, 
polymyositis or dermatomyositis, and neuromyopathies.7>?’°? Mitochondrial 
myopathy is clearly associated with zidovudine.>4°** D-penicillamine is most 
commonly associated with polymyositis, but more recently the proton-pump 
inhibitors have also been implicated.*’°°*’ Painful neuromyopathies have been 
reported in association with amiodarone and vincristine and have also been 
described in patients with electrolyte disturbances caused by drugs such as 
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9 — _ . | 
diuretics, aluminum- or magnesium-containing antacids, isotonic glucose solutions 
and licorice. !97326 


Painless myopathies include corticosteroid myopathy, painless 
neuromyopathies, and some myopathies secondary to drug-induced electrolyte 


disturbances, particularly hypokalemia and hypermagnesemia.!°7’?! 


EPIDEMIOLOGY 


The true incidence of drug-induced myopathy is unknown, but it is likely more 
common than generally appreciated as many cases are self-limited and 
unreported.*!*’*! The incidence varies greatly between causative agents and is 
based on dose, duration of exposure, risk factors present in the population being 
treated, and the definition of myopathy applied. 


In a 1-year prospective trial reviewing cases of myositis in a large university 
hospital system, serially measured CK values resulted in an estimated rate of drug- 
induced myositis of 7.2 per 10,000 inpatients and 9.3 per 10,000 outpatients. Lipid- 
lowering medications (fibrates and statins) were the causative agents in nearly 60% 
of the cases, with antiretrovirals accounting for another 14%.>° 


Reports of statin-induced myopathy offer an excellent example of how 
incidence can vary based on the definition of myopathy used. In the 5-year, 20,536- 
patient Heart Protection Study (HPS), subjective myalgias were reported in 33% of 
both the statin- and placebo-treated groups while myositis occurred in only 1.3% of 
each group and rhabdomyolysis occurred in only 5 patients receiving simvastatin 
(<0.1%) and 3 patients receiving placebo (<0.1%).°’ Based on these data, it would 
seem reasonable to expect that case series that include myalgia in the definition of 
myopathy will report a higher rate of myopathy than those that restrict the definition 
of myopathy to CK-positive events. 

The low incidence of rhabdomyolysis and the relatively high incidence of 
myalgias reported in the HPS trial are both supported by other research with 
statins.°>8 It should be kept in mind, however, that higher-risk patients (e.g., those 
with chronic renal failure or age >75 years) are often excluded from randomized 
studies, which can result in an underestimation in the risk of drug-induced 
myopathies that can occur with more common usage patterns in clinical practice.*° 

Corticosteroid-induced myopathy has been identified as one of the main causes 
of iatrogenic proximal myopathies and has an estimated prevalence of 3- 
60%, !7!5.192627 The onset of steroid-induced myopathy is rare within 30 days of 
initiation.> This can be helpful in trying to determine whether the cause of the 
myopathy is due to the steroid or to the underlying condition for which the steroid is 
used. The incidence of D-penicillamine—induced myopathy is approximately 1%, 
and treatment with antimalarial agents has been associated with an incidence of 
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myopathy of 1 per 100 patient-years.!°°? Myopathy develops in approximately 15% 
to 20% of patients receiving zidovudine.”* 


MECHANISMS 


Drug-induced myopathy can be broadly classified as an endocrine or toxic 
myopathy which results from disrupted cellular function. Skeletal muscle is a 
complex, heterogeneous mix of cell types that comprises 40% of adult body mass. 
Its complexity is due in part to the physiologic complexity of transitioning millions 
of cells from a resting to a working state and back again within seconds. In the 
working state, the high energy needs of myocytes are generally met by glycogen, but 
in the fasting state or states of prolonged work, glycogen depletion leads to the use 
of free fatty acids as an alternative fuel source..*! 


Efficiency is achieved through division of labor with some myocytes (type I) 
designed to sustain slow, prolonged work and others (type II) designed for quick 
bursts. Cells that provide prolonged work rely heavily on a constant mitochondrial 
supply of energy with which some drugs can interfere.°! 


Generating muscle contractions involves the propagation of an action potential. 
Drugs that directly or indirectly affect electrolyte concentrations can affect the 
ability of myocytes to initiate or maintain contraction, leading primarily to painless 
myopathies characterized by weakness. The exact mechanisms by which most drugs 
cause myopathies are unknown, but some broad categories have been described 
based on histopathologic and clinical findings (Table 52-2). 


Table 52-2 Mechanisms of Drug-Induced Myopathy 





Mechanism 


PAINFUL NEUROPATHIES 

Aminocaproic acid5 Necrotizing: Necrosis of muscle fibers with myophagocytosis and typically marked 
Clofibrate8,54,55 elevation of CK 

Etretinate 19 

Ezetimibe24 

Fenofibrate8,25,54 

Gemfibrozil8,25,54 

Statins25,40,41,43,53,57,58 

Ipecac2,19 Mitochondrial: Impaired mitochondrial function often secondary to inhibition of 


Fidovsdineds-ae mitochondrial DNA polymerase 





D-penicillamine? 1,22 Polymyositis/dermatomyositis: Inflammatory reaction; may involve eosinophil 


Proton-pump infiltration 
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inhibitors36,37 





Amiodarone6 Lysosomal; Accumulation in intracellular lysosomes disrupts normal lysosomal 
function and impairs vacuolar clearance of cell debris; vacuole accumulation 
causes cell dysfunction 

PAINLESS MYOPATHIES 

Corticosteroids 12-15 Enhanced intracellular protein breakdown and altered calcium homeostasis; CK 
may or may not be elevated 

Chloroquine30,52,59 Neuromyopathy: Deranged ion transport impairs neuromuscular signaling; may 


Diuretics2,19 become painful if prolonged 


Some evidence of impaired glycogen production and storage 


Hydroxychloroquine 19,59 

Laxatives 19,33 

Colchicine9-11 Antimicrotubular: Binding to intracellular tubulin leads to altered microtubular 
function resulting in altered peripheral nerve conduction and changes in muscle 
cell structure 


CK = creatine kinase, DNA = deoxyribonucleic acid. 


NECROTIZING MYOPATHY 


Necrotizing myopathy, also known as metabolic myopathy, is associated with 
underlying abnormalities in energy production that can ultimately lead to myocyte 
death. It is most frequently associated with statins and fibrates, although there is 
some evidence linking nicotinic acid, aminocaproic acid, and high-dose vitamins A 
and E to this disorder as well.*?** The mechanism of statin-induced necrotizing 
myopathy is unknown. However, it likely involves interference with cellular 
metabolism either directly by interfering with the production of important 
intracellular proteins or mitochondrial function or indirectly by reducing the 
availability of fatty acids as a fuel source to working skeletal muscle.*7/* Other 
possible mechanisms for statin-induced myopathy include disruption of 
glycoprotein synthesis in muscle membrane, a decrease in chloride channels in the 
muscle membrane, increases in intracellular calcium concentration, and decreased 


cell membrane fluidity.>? 


MITOCHONDRIAL MYOPATHY 


Zidovudine is one agent that is most commonly associated with mitochondrial 
myopathy.*’>” A direct toxic effect of the drug on muscle mitochondria is 
believed to be involved. Drug-induced vascular damage or dysfunction leading to 
muscle ischemia is also suspected.?? Dalakas et al.* determined that zidovudine 
causes abnormal mitochondrial function by inhibiting y-deoxyribonucleic acid 
(DNA) polymerase, an enzyme found exclusively in the mitochondrial matrix. 
Inhibition of this enzyme results in interference with the replication of 
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mitochondrial DNA and leads to abnormal accumulation of lipid and glycogen in 
the muscle cells. The authors found that some subjects improved with the addition 
of prednisone to their medication regimen, suggesting that an inflammatory process 
may also be involved.*° 


POLYMYOSITIS AND DERMATOMYOSITIS 


Drug-induced polymyositis and dermatomyositis are manifestations of autoimmune 
microvascular injury most often involving autoantibodies directed at endothelium in 
connective tissue. It has been classically associated with D-penicillamine, which 
exerts complex effects on cellular and humoral immune mechanisms, including 
reducing serum concentrations of Immunoglobulin M rheumatoid factor and 
depressing T-cell activity. These effects may be desirable for the treatment of 
rheumatoid arthritis, in which immunoregulatory alterations may be beneficial 
because of the nature of the disease. However, it is possible that the 
immunoregulatory disturbances created by D-penicillamine may lead to a loss of 
tolerance to muscle antigens, resulting in an immune response, manifested by 
inflammation and subsequently an inflammatory and autoimmune myopathy.?’?“ 
Polymyositis and dermatomyositis may also result from drug-induced necrosis, 
regeneration, and inflammation of muscle fibers.*! The incidence of polymyositis 
and dermatomyositis with newer, more targeted immunotherapies such as 
infliximab and rituximab is extremely low with a rate in clinical trials that is not 
different from placebo.” 


ELECTROLYTE DISTURBANCES 


Myopathies may be induced by drugs through indirect mechanisms as may occur 
with diuretic-induced hypokalemia, hypophosphatemia, or by hypermagnesemia 
induced by overuse of magnesium-containing antacids.!?7°*” Hypokalemia may 
result in reduction of cell membrane excitability, leading to decreased 
neuromuscular transmission.2? Hypophosphatemia may cause myopathy via 
depletion of adenosine triphosphate in muscle cells.2° Hypermagnesemia may cause 
myopathy by interfering with neuromuscular transmission through inhibition of the 
release of acetylcholine.*° 


PAINLESS MYOPATHY 


The mechanism by which chloroquine and hydroxychloroquine induce myotoxicity 
is not definitively known, but may be due to drug accumulation in lysosomes, 
resulting in decreased lysosomal activity and subsequent cellular accumulation of 


phospholipids and glycogen.°”** Colchicine-induced neuromyopathy is thought to 
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result from microtubule damage, leading to altered peripheral nerve conduction and 
eventual changes in muscle cell structure that are related to intracellular lysosome 
movement. !° 


CORTICOSTEROID MYOPATHY 


The mechanism of corticosteroid-induced myopathy has been debated, and several 
potential mechanisms exist. Corticosteroids exert a catabolic effect on muscle and 
may cause atrophy of the type II muscle fibers.7°*° Corticosteroids also impair 
glucose uptake and increase protein catabolism, resulting in muscle atrophy.!* 
Reduced protein synthesis associated with long-term exposure to corticosteroids 
can also play a role in the negative protein balance induced by these drugs.”"!7:!° In 
addition, corticosteroids may cause mitochondrial injury, leading to muscle 


necrosis.2° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The presentation of drug-induced myopathy is varied, and common signs and 
symptoms are listed in Table 52-3. Although necrotizing myopathies more 
commonly occur early in the course of therapy (<6 months after the start of 
therapy), the time to onset is variable.?’ Drug-induced myopathies that occur after a 
long period of uncomplicated drug therapy may be caused by patient-specific 
factors such as changing renal or hepatic function or the recent addition of an 
interacting drug. Clinicians should be alert to these types of changes whenever a 
patient presents with signs and symptoms consistent with myopathy that may be 
caused by a medication that has been used without difficulty for over a year. 
Myopathy caused by electrolyte disturbances typically has a rapid onset.?”,2? 
However, because drug-induced disturbances of serum electrolyte concentrations 
can have a highly variable time to onset, the temporal relationship between 
initiation of therapy with these agents (e.g., diuretics) and onset of myopathy is also 
highly variable. 


Table 52-3 Signs and Symptoms of Drug-Induced 


18,20,22,25,26,28,30,32 





Myopathy 


Less severe disease 


¢ Decreased or absent reflexes 
* Fatigue 
* Muscle pain or tenderness 
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* Muscle weakness 

* Normal creatine kinase (<200 units/L) 
Shortness of breath 

* Weight loss 


More severe disease 


* Decreased urine production 

¢ Discolored urine 

* Dysphagia 

* Dyspnea 

¢ Elevated serum creatine kinase concentration (>400 units/L) 


Identification of a causal relationship between a new myopathy and drug 
therapy is important, as most drug-induced myopathies are reversible upon 
discontinuation of the causative agent. Symptomatic relief upon cessation of therapy 
is also an important aspect of the diagnosis. Although a rechallenge often offers 
the best chance of a definitive diagnosis, it may or may not be indicated based on 
the initial severity of the myopathy. Other potential causes of muscle symptoms 
should always be kept in mind (Table 52-4). Changes may be present on 
electromyography or tissue histology, but these tests are usually performed only in 
more refractory cases to help with the differential diagnosis.” 






Table 52-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Myopathy2»!8,32,61,62 


Cushing syndrome 

* Heart failure 

* Hypothyroidism 

¢ Infection: treponemal (syphilis), mycobacterial (tuberculosis), viral (cytomegalovirus, human 
immunodeficiency virus, Epstein—Barr, adenoviruses) 

* New neuromuscular condition such as amyotrophic lateral sclerosis, muscular dystrophy, or myasthenia 
gravis 

¢ New or worsening rheumatologic condition such as polymyalgia rheumatica, arthritis, fibromyalgia, systemic 
lupus erythematosus, or sarcoidosis 
Simple muscle strain or sprain 


Often, patients with drug-induced myopathy present with vague or simple 
muscle pain, which may evolve to muscle tenderness and/or weakness, typically of 
the proximal muscles (shoulders, upper arms, thighs, and pelvis).!? In some cases, 
CK is elevated and electromyography may reveal myopathic changes. The most 
severe presentation is rhabdomyolysis in which massive loss of peripheral muscle 
cells leads to release of intracellular contents. The urine darkens because of 
myoglobinuria, CK is markedly elevated (often defined as >10 times the ULN, but 


2139 


this 1s somewhat arbitrary), and urine production may decrease if acute renal 
failure occurs. 


Necrotizing myopathy may present with acute or subacute muscle symptoms. !” 


Typically, muscle pain, tenderness, and weakness are present in the proximal limbs, 
although a more generalized presentation is also possible.* Histopathologic 
examination may reveal mitochondrial changes.*7/ 


As previously discussed, mitochondrial myopathies are most frequently linked 
to antiretroviral drugs, particularly zidovudine. Complicating the diagnosis of 
zidovudine-associated myopathy is the natural progression of infection with the 
human immunodeficiency virus (HIV). Patients infected with HIV often have 
myopathy as part of the disease process. Zidovudine-induced myopathy may be 
differentiated from that caused by HIV infection by establishing a temporal 
relationship between initiation of antiretroviral drug therapy and the onset of 
symptoms of myopathy and by the resolution of symptoms after discontinuation of 
therapy.*> Mitochondrial myopathies are usually painful, with pronounced wasting 
and tenderness.!? Muscle biopsy in patients with zidovudine-induced myopathy 
often reveals abnormal mitochondria of varying size and shape. The mitochondria 
appear disorganized; necrosis, ragged fibers, and inflammatory infiltrates may be 
observed on microscopic examination.2> CK may be normal or moderately 
elevated. !° 


Like necrotizing myopathy, polymyositis and dermatomyositis may present 
acutely or subacutely; the presentation may also be insidious. Many nonspecific 
symptoms may be present including fatigue, weight loss, myalgias, or arthralgias. 
Muscle involvement is usually, but not always, symmetrical. Proximal muscles are 
often affected, and patients may report pain in the shoulder, the pelvic girdle, or 
both.!? Muscle biopsies in patients with dermatomyositis or polymyositis reveal a 
mononuclear cell infiltrate that begins in blood vessels and extends into the 
myofibers.7! Patients with dermatomyositis also have a rash, which is often 
edematous, symmetrically involving the periorbital area and upper eyelids.*! CK 
may be moderately elevated.*! 

Painful neuromyopathies have been associated with vincristine and 
amiodarone. Patients with vincristine-induced myopathy typically present with 
proximal weakness, pain, and atrophy, with absent reflexes.*? The electromyogram 
is often normal, and muscle biopsy may show necrosis and regeneration.*! 
Amiodarone may cause a peripheral neuromyopathy that is associated with 
peripheral neuropathy, weakness, and muscle pain. The CK is often high, and 
electromyography may reveal slowing of nerve conduction velocity. Muscle biopsy 
demonstrates vacuolar myopathy and no inflammation.*» 

Patients with drug-induced electrolyte disturbances resulting in myopathies may 
present with muscle fatigue or sudden onset of motor deficit with pain, hypotonia, 
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and decreased or absent reflexes.!??° CK may be significantly elevated in some 
cases.*> In the case of hypokalemic myopathy, muscle weakness is often 
generalized, and pain may be present or absent.”” 

Painless myopathies often present insidiously, with muscle weakness in the 
proximal lower limbs, which may subsequently progress to the upper limbs and 


trunk.!!-!° Peripheral neuropathy may accompany the weakness of the limbs. Facial 
muscles may also be affected. CK may be normal or elevated to slightly above 
normal. Electromyography reveals slowing of nerve conduction.!!)!? 

Corticosteroid myopathy may develop after long-term therapy or may occur 
more acutely.!*!43 Most commonly, corticosteroid myopathy presents as an 
insidious process during long-term therapy and mainly involves the proximal 
muscle groups, particularly in the lower limbs.!7°?!"3 Because corticosteroids 
may be used to treat rheumatologic conditions that may themselves be associated 
with myopathy, it is important to distinguish drug-induced myopathy from that 
associated with progression of the disease. 


Acute corticosteroid myopathy may occur as the result of therapy with high- 
dose intravenous corticosteroids administered in an acute care setting. The 
presence of concomitant therapy with a neuromuscular blocking agent increases the 
risk of occurrence.!®’ In this setting, myopathy typically presents acutely, with 
generalized muscle involvement. Respiratory muscles may be affected and serum 
CK concentrations may be markedly elevated.7” 

In patients with corticosteroid-induced myopathy related to long-term therapy, 
CK is usually not elevated, but urine creatine excretion is increased.*°** Muscle 
biopsy often reveals nonspecific type II muscle fiber atrophy.*°*’ Reflexes are 
typically preserved, and electromyography reveals myopathic changes.*! Phosphate 
depletion secondary to excessive antacid consumption may result in myopathy in 
patients with concurrent gastrointestinal disease who are taking corticosteroids. 
In these settings, it 1s difficult to determine whether the myopathy is secondary to 
hypophosphatemia or to corticosteroid therapy. !?79 

In summary, many drugs have been associated with myalgias, which may be 
related to one of the myopathic processes discussed previously or to other types of 


drug-induced rheumatic disorders or hypersensitivity reactions.'? Patients with 
drug-induced myalgia present with muscle pain that improves after drug 
discontinuation. 


RISK FACTORS 


General risk factors for drug-induced myopathy are listed in Table 52-5 and 
typically include higher doses of the causative agent, longer duration of exposure, 
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presence of drug interactions, prolonged and vigorous exercise, and genetic 
predisposition. 


Table 52-5 Risk Factors for the Development of Drug-Induced 


13,22,25,26,32,51 





Myopathy 


¢ Autoimmune disease (specifically, systemic lupus erythematosus and rheumatoid arthritis) 
* Concurrent thyroid disorder 
* Duration of therapy (longer duration > shorter duration) 
* Genetic predisposition 
* Hepatic impairment 
* High dose of a potential causative agent 
* Hypoalbuminemia 
* In corticosteroid-induced myopathy—use of fluorinated versus nonfluorinated corticosteroid 
* Kidney disease 
¢ Pharmacodynamic interactions 
o Statins plus nicotinic acid or fibrates or ezetimibe (especially in patients with prior statin myopathy) 
¢ Pharmacokinetic drug interactions 
o Neuromuscular blockers plus corticosteroids 
o Statins plus fibrates 
o Statins plus cytochrome P-450 3A4 inhibitors 
¢ Vigorous or prolonged periods of exercise 


Drug interactions leading to myopathy can be pharmacodynamic as well as 
pharmacokinetic. Examples of pharmacodynamic drug interactions include the 
neuromuscular blocking agents when given with corticosteroids and fenofibrate 
when given with statins.*°*’“* The cellular mechanism of these pharmacodynamic 
interactions are not clear. Pancuronium possesses a bis-quaternary ammonium 
corticosteroid structure, which may potentiate glucocorticoid toxicity via a common 
corticosteroid receptor.*’ Fenofibrate, although relatively devoid of the kinetic 
interaction with statins that gemfibrozil possesses,reduces circulating triglyceride 
concentrations and may worsen cellular energy metabolism by further reducing 
delivery of fatty acids to skeletal muscle in patients taking a statin. 


Pharmacokinetic interactions account for part of the increased risk of statin- 
induced myopathy when administered concomitantly with gemfibrozil or inhibitors 
of the cytochrome P-450 3A4 (CYP 3A4) isozyme.®*? The pharmacokinetic 


interaction with gemfibrozil appears to involve reduced statin glucuronidation.*! 
The prevalence of CK >10 times the ULN associated with the combined 


administration of statins and fibrates has been reported to be 0.12%.°° Myopathy 
associated with the combination of a fibrate and statin is more frequent with 


gemfibrozil but is reported with all fibrates.2°4°°+° Case reports of myopathy 
occurring during combined therapy with niacin and a statin have also been 


published.© Higher doses of drugs that can cause myopathy, particularly 
zidovudine, corticosteroids, epsilon aminocaproic acid, and statins, increase the 
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risk of this adverse effect.!47’4> Dalakas et al.*° examined muscle biopsy 
specimens from 20 patients with documented HIV infections in whom myopathy 
developed. The majority of these patients had been treated with zidovudine at 
doses ranging from 800 to 1,200 mg daily for a treatment period of 6—11 months. 
The authors reported that patients taking higher doses of zidovudine for a longer 
duration are at greater risk for myopathy. 

The risk of corticosteroid-induced myopathy appears to increase in patients 
receiving the equivalent of prednisone doses >40 mg daily.'*+!°?? Myopathy 
associated with lower prednisone doses appears to be uncommon.!’ Patients 
requiring more frequent courses of corticosteroid therapy or continuous 
corticosteroid therapy are also at greater risk for corticosteroid-induced myopathy 
as are those in whom corticosteroid use extends beyond 4 weeks.!??> Excessive, 
prolonged use of antacids may be associated with electrolyte disturbances resulting 
in myopathy.!°”° Long-term use of colchicine has also been associated with 
myopathy, !? 

Kidney failure has been identified as a risk factor for myopathies secondary to 
hypermagnesemia.Magnesium is renally eliminated, and patients with impaired 
kidney function are at much greater risk for myopathies resulting from therapy with 
magnesium-containing drugs.*° Kidney failure has also been noted as a risk factor 
for myopathy associated with fibrates and colchicine.!° 


GENETICS AND GENOMICS 


The clear genetic susceptibility to myopathy from anesthetic-induced malignant 
hyperthermia helped open up investigation into other areas of genetic risk for drug- 
induced myopathies.°>°*°’ The contribution of genetics can be either 
pharmacodynamic or pharmacokinetic, including drug transport as well as 
metabolism. One area of recent discoveries in this field has been with the statins. 
As of 2007, at least 12 candidate genes had been identified for statin-induced 
myopathy.°’ Although work in this area continues, the clinical application of these 
findings remain unclear. As of 2017, no specific genetic tests are recommended to 
be performed in patients prior to beginning statin therapy. 

In a study of 137 patients who experienced myositis while taking atorvastatin, 
an allele in the CYP 3A4 gene was found to be associated with severity of 
myopathy.®® In another trial of 110 patients with statin myopathy, 10% were found 
to harbor abnormal genes for proteins related to cellular energy metabolism, 
particularly carnitine palmitoyltransferase II.°> The population frequency for the 
same genetic polymorphisms in unaffected control patients was 2%. 


In 2008, an analysis of the myositis cases in the ongoing 12,000-patient Study of 
the Effectiveness of Additional Reductions in Cholesterol and Homocysteine 
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(SEARCH) trial was conducted.©’ Among the 6,031 patients who received an 80- 
mg daily dose of simvastatin, 98 cases of myositis had occurred after an average 
follow-up of about 6 years. A genomewide analysis revealed a strong association 
of myositis with a single nucleotide polymorphism located within the gene that 
encodes for organic anion-transporting polypeptide (OATP)IB1l. The OATP 
transporter is known to be involved in hepatic uptake of some statins, and 
polymorphisms affect serum concentrations. Patients homozygous for the less active 
allele had a 17-fold higher risk of myopathy while receiving 80 mg of simvastatin 
daily. 

The discovery of the importance of OATP1B1 illustrates the role that genetics 
is likely to play in helping to prevent drug-induced myopathies. Approximately 
60% of the myositis cases in SEARCH were attributable to the genetic 
polymorphism in OATP1B/. Although about 30% of the population carries this 
polymorphism, only about 2% of the population is homozygous for the allele. 
Avoiding high-dose statins in those patients would prevent about 25% of the 
observed cases of statin-induced myositis. That may be a reasonable trade-off if 
alternative therapies can be used or if the reaction that can be avoided is 
particularly severe. Thus, while genetics is unlikely to offer novel therapies for 
managing drug-induced myopathies in the near future, it could play a key role in 
identifying high-risk individuals in whom certain therapies should be avoided. 
Efforts to make the genetic test for OATPIB1 available commercially are 
underway. 


MORBIDITY AND MORTALITY 


Because the precise incidence of drug-induced myopathies is unknown, it is 
difficult to determine the overall incidence of morbidity and mortality associated 
with this drug-induced disease. In many patients with myopathy, discomfort and 
difficulty with the activities of daily living are encountered secondary to muscle 
weakness. Patients may experience difficulty walking up stairs or difficulty rising 
froma seated position because of proximal muscle weakness. This has the potential 
to lead to a significant burden on society in terms of increased healthcare costs 
because of the more frequent visits to healthcare providers associated with muscle 
pain or weakness in addition to missed days from work. 


Because serious clinical sequelae may develop, it 1s important to recognize and 
treat this condition as early as possible. Myopathy may rarely result in 
myoglobinuria and rhabdomyolysis. These myopathic complications may result in 
death due to kidney failure. 


PREVENTION 
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Although prevention of drug-induced myopathies is difficult, general preventive 
measures are listed in Table 52-6. When drugs known to cause myopathy cannot be 
avoided, the best strategy is to use the lowest dose possible, avoid or minimize 
concomitant risk factors, and monitor carefully for onset of symptoms. In general, 
combinations of drugs listed in Table 52-1, should be avoided whenever possible, 
especially in high-risk patients.!94!4 

Moderate amounts of exercise and physical activity may help prevent 
corticosteroid-induced myopathy.'*”° Physical therapy and exercise may help 
counteract corticosteroid-induced muscle fiber atrophy. However, extremely 
vigorous or prolonged periods of exercise may paradoxically increase the risk for 
drug-induced myopathies.4 In one small study, “supranutritional” doses of 
antioxidant vitamins were shown to reduce the risk of zidovudine-related 
myopathy; however, no large-scale trials have been performed regarding the 
potential effectiveness of this preventive strategy. 


Table 52-6 Approaches to Help Prevent Drug-Induced 


2,18,22,25,26,30,32,51,59,63,64 





Myopathy 


¢ Avoid combining drugs when each has a risk of myopathy, when possible: 
o Statins and fibrates 
o Statins and cyclosporine 
o Use treatment regimens for the human immunodeficiency virus that avoid zidovudine and protease 

inhibitor therapy 

¢ Avoid higher-risk drugs in patients with cirrhosis and hypoalbuminemia 

* Be aware of drugs that can cause myopathy and that have a significant component of renal clearance; 
adjust dose or avoid use in patients with chronic kidney disease 

* Consider genetic screening when drug-induced myopathy occurs; disorders for which genetic testing is 
available include the following: 

Carnitine deficiency states 

Glycogen metabolism defects 

Ion channelopathy 

Lipid storage disease 
o Mitochondrial myopathies 

* Consider measuring a baseline CK in patients with multiple risk factors or those receiving multiple 
medications with a known risk of causing myopathy 

* Educate patients regarding signs and symptoms: 
o Discolored urine 
o Symptoms in more than one muscle system 
o Weakness in addition to pain 

* Make sure patients know whom to contact in case one or more of the above symptoms occur 

* For statins: ensure euthyroid state and monitor periodically during therapy, especially in patients >60 years of 
age 

* Use the lowest effective dose of corticosteroids for the shortest possible time 


oo00 0 


CK = creatine kinase. 
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For necrotizing myopathy where a nutritional deficiency may be playing a 
causative role, data for supplementation are lacking. Perhaps best studied is the 
possible role for coenzyme Q10 in preventing statin-associated myopathy. Although 
many studies are small and suffer from design flaws including under-dosing of 
coenzyme Q10 and poor patient selection, a recent study of patients carefully 
selected to show clear myopathic symptoms with simvastatin found no benefit from 
600 mg of coenzyme Q10 compared to placebo.”! 


It is reasonable to measure baseline CK when therapy with a drug known to 
cause myopathy is started, and particularly when the patient has risk factors for this 
drug-induced disease.*”’ An elevated baseline CK (>200 units/L) that cannot be 
explained by recent, vigorous exercise or injury should prompt reconsideration of 
the risk and benefit of starting the medication until the CK is reduced to within a 
normal range. However, routine monitoring of CK is not recommended because 
there is no evidence that such monitoring is effective for myopathy prevention. 
Some patients with drug-induced myopathy present without elevations in CK, and 
concentrations can become elevated from causes other than a drug-induced effect. 
Therefore, determination of CK is only routinely recommended once a patient has 


symptoms.*!°: 


MANAGEMENT 


Beyond discontinuation of the offending agent, there are few treatment strategies for 
drug-induced myopathy. Reductions in dose can be effective in cases of mild 
myopathy without marked elevations in CK. This has been best documented for 
corticosteroids and statins.*!74° In cases of myopathy with marked elevations of 
CK, management focuses primarily on supportive care when needed and trying to 
prevent or minimize the renal complications of rhabdomyolysis. 


When a drug-induced myopathy is suspected, evaluation of current and recent 
past medications is critical. Temporal relationships between drug initiation and the 
onset of myopathic symptoms should be determined. The potentially causative drug 
should be discontinued. In the majority of patients with drug-induced disease, 
symptom resolution occurs, in some cases almost immediately, after drug 
discontinuation. However, complete resolution or maximal improvement of 
symptoms may not occur for several weeks after discontinuation of the causative 
drug.*? In some cases, particularly in patients with mitochondrial myopathy or 
polymyositis, a short course of therapy with a corticosteroid such as prednisone 
may be helpful. Specific recommendations regarding dose and duration of 
corticosteroid treatment vary; higher doses of prednisone are _ typically 
recommended for initial treatment, followed by tapering of the dose.** One 
recommendation for management of drug-induced polymyositis is prednisone 50— 
100 mg daily for up to 7 days or until acute symptoms resolve, followed by 
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tapering of the dose over a period of months.More rapid tapering may be tolerated, 
but caution is advised with tapers of <1 month due to risk of polymyositis 
reactivation. After resolution of the myopathy, it is typically best to avoid future use 
of the offending agent or to use lower doses if treatment with the drug is absolutely 
necessary. Changing agents within a class of drugs can often be helpful, but the 
clinician should be alert for symptom recurrence. In a trial of 45 patients with 
statin-associated myopathy, 43% tolerated a different agent.>° 

Pascuzzi outlined suggestions for the treatment of patients with HIV infections 
who present with myopathy.”° If the patient has been taking high-dose zidovudine 
for a prolonged period, therapy should be discontinued. This is not difficult in the 
modern era of HIV therapies where many alternate treatment options now exist. If 
the myopathic symptoms were due to zidovudine, improvement should be seen over 
4—8 weeks. If the patient’s symptoms do not improve within this time, a muscle 
biopsy may be performed; if inflammatory changes are present, temporary treatment 
with corticosteroids may be helpful. If the patient has myopathy in the absence of 
therapy with zidovudine, the myopathy is likely related to the disease, and treatment 
with appropriate antiretroviral therapy may help. Finally, if the patient has acute, 
fulminant myalgias or weakness, muscle biopsy should be performed to investigate 
the possibility of an opportunistic infection within the muscle. 


The management of corticosteroid-induced myopathy typically requires 
discontinuation of the causative medication. Following discontinuation, many 
patients experience complete resolution or significant improvement in symptoms. In 
others, however, only partial symptom relief may occur. If it is not possible to 
permanently discontinue corticosteroid therapy following resolution of myopathy 
without recurrence of the patient’s primary disease, treatment may be restarted at a 
lower dose. Using doses of prednisone <40 mg daily (or equivalent doses of other 
corticosteroids) may help prevent myopathy recurrence.* 


In patients with myopathy due to drug-induced electrolyte abnormalities, 
discontinuation of the offending agent usually results in symptom improvement. 
Occasionally, potassium supplementation may be necessary for the correction of 
hypokalemia.” If drug-induced hypermagnesemia causes myopathy, discontinuation 
of the causative drug is necessary, and administration of calcium gluconate or, in 
severe cases (i.e., Serum magnesium concentration >14 mEq/L), hemodialysis may 
be necessary.”° 

In patients who develop symptoms of myopathy while receiving statin therapy, a 
CK should be determined.>® If the CK is <5 times the ULN, statin therapy may be 
continued, and the CK should be determined again | week later. However, if the 
initial CK is >5 times the ULN, statin therapy should be withheld and CK 
monitored weekly to monthly until values return to the normal range. It should be 
noted that product labeling for statins recommends discontinuation when CK 
reaches 10 times the ULN. However, severe reactions can progress when initial 
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elevations are in the range of 3-10 times the ULN, and withholding the drug when 
CK elevates to 5 times the ULN appears to be a reasonable clinical approach.*7’ 


Regardless of the etiology, once CK is markedly elevated (>10,000 units/L) in 
the setting of rhabdomyolysis, aggressive hydration is indicated to reduce the risk 
of permanent renal damage. Although there is no universal protocol, intravenous 
hydration at a rate of 3—5 mL/kg/hr is reasonable and should be targeted to a rate of 
urine output of 2—3 mL/kg/hr. Monitoring of urine pH and using sodium bicarbonate 
to alkalinize urine 1s poorly supported and is unnecessary. Aggressive hydration 
can be stopped once serum CK has dropped below 10,000 units/L. 


INFORMATION FOR PATIENTS 


Although it may not be practical or desirable to warn every patient about the 
potential for myopathy with every drug listed in Table 52-1, a warning seems 
appropriate for patients prescribed a drug for which strong evidence of causation 
exists (i.e., drugs in Table 52-1 with level of evidence A or B). These patients 
should be counseled to recognize symptoms of muscle pain or weakness, 
particularly in the proximal muscles, and instructed to contact a healthcare provider 
if such symptoms occur. Patients should also be warned about the possible 
significance of darkened urine, especially if accompanied by a reduction in urine 
output. The patient should be advised to maintain a complete and accurate list of 
medications and to share this list with providers at each encounter to help minimize 
the risk of drug interactions that can increase the risk of myopathy. Patients should 
also be aware that, in some cases, the development of myopathy may be a 
secondary complication of a specific disease process, and other medical conditions 
can increase their risk for drug-induced myopathies. 
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CHAPTER 53 


Weight Gain 


Amy Heck Sheehan 


Weight gain is a complex process involving environmental and genetic factors that 
ultimately contribute to a metabolic imbalance between caloric intake and energy 
expenditure. Although weight gain is most commonly associated with lifestyle 
factors, it also may occur as an unintended response to drug therapy. Drug-induced 
weight gain increases obesity-related health risks and may compromise patient 
adherence to drug therapy. Observational studies have reported that a modest 
weight gain of >5 kg in healthy adults is associated with a significant increase in 
the risk for hypertension, type 2 diabetes, and coronary heart disease.'* For adults 
who are already overweight or obese, increases in body mass index (BMI) are 
associated with greater risks of fatal and nonfatal coronary heart disease, fatal and 
nonfatal stroke, diabetes, and all-cause mortality. 


CAUSATIVE AGENTS 


Drugs that have been reported to cause clinically relevant weight gain—defined as 
weight gain of >5 kg—are listed in Table 53-1.”7’> Drugs listed in this table 
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include only those associated with unintended weight gain. Drugs that are used to 
promote weight gain are not included. 


ee UE es 


According to current guidelines, a BMI (the weight in kilograms divided by the 
square of the height in meters) >25 defines overweight, and obesity is defined as a 
BMI >30.° The number of overweight and obese individuals in the United States 
has increased significantly over the past several decades, and the latest 
epidemiologic data estimate that approximately 69% of the U.S. adult population is 
overweight or obese.” 


The exact incidence of clinically relevant drug-induced weight gain is 
unknown. Estimating the incidence is complicated because body weight fluctuations 
are multifactorial and can depend on variables such as lifestyle, habits, genetic 
predisposition, and concomitant disease states. 


Because the majority of drugs associated with clinically relevant weight gain 
are used in the management of psychiatric disorders, most data regarding the 
incidence of drug-induced weight gain have been generated from this patient 
population. Weight loss is a common symptom of many untreated psychiatric 
disorders, including depression and schizophrenia. Therefore, successful treatment 
of these disorders with appropriate drug therapy may be associated with weight 
gain that returns the patient’s body weight to baseline. Unfortunately, baseline body 
weight measurements prior to the development of psychiatric illness are typically 
not available, making it difficult to assess true drug-induced weight gain. 


Table 53-1 Agents Implicated in Drug-Induced Weight Gain’~ 
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Level of 


Drug Incidence* Evidence? 
ANTICONVULSANTS 
Carbamazepine7-10 4.7-5.2%c (16 wk)7 A 
Gabapentin11-14 2.6% (26 wk)11 A 
Pregabalin15-22 9% (14 wk)15; 11.4% (12) JA 

wk)20 
Valproic acid8,22-31 38%d (32 wk)26 A 
ANTIDEPRESSANTS 
Amitriptyline32-39 5.9%39,e A 
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Bupropion40 
Clomipramine4 1,42 
Citalopram38,42,43 
Desipramine36,37,44 
Doxepin45,46 
Duloxetine47-51 
Escitalopram47,49,52-55 


Fluoxetine38,42,43,49,56 


Fluvoxamine42,43 


Imipramine33,57-59 


Maprotiline60-62 
Mirtazapine32,63-70 
Nortriptyline33,35,71-73 


Paroxetine38,42,43,48,49,56 


Phenelzine74,75 


Sertraline38,42,49,56 


Venlafaxine38,49,67 
Vilazodone76,77 
Vortioxitine78 


ANTIPSYCHOTICS (ATYPICAL) 


Aripiprazole79- 102 


Asenapine 103-109 


Brexpiprazole 110-114 


Cariprazine 115-116 
Clozapine 117-141 


Tloperidone 108,142,143 


ZNS7 





NK C 
28%41,e; 34.8% (2.5 yr)42._ | A 
14.3% (2.5 yr)42 A 


8.4-10.8% (34 wk)48 
10.5—12% (32 wk)47,53 


>| rl el eS] & 


6.8% (26-32 wk)56; 8.7% 


(2.5 yr)42 
10.7% (2.5 yr)42 


> 


8.3% (16 wk)59; 19.7% 
(long-term)59 


7.5%32,e; 49% (8 wk)32,f |A 


25.5% (26 to 32 wk)56; 
13.8% (34 wk)48; 14.3% 
(2.5 yr)42 








4.2% (26-32 wk)56; 4.5% 
(2.5 yr)42 


xP 
1% (8 wk)76 A 
x - 


5.2—8.1% (4-6 wk)79; 5.2— 
26.3% (4-10 wk)79,f 





4.9-5.8% (short-term) 103; 
14.7% (1 yr)103 


2—11% (6 wk)110; 20-30% 
(long-term) 11 





8-17% (6 wk) 115 A 
35% (long-term) 117 A 
12-18% (4-6 wk) 142 A 


Lurasidone 144-148 7% (short-term) 144 A 


Olanzapine88,91,92,96,98,100,102,108,148,149-170 22.2% (8 wk)149; 64% 
(long-term) 149; 40.6% (4 
wk)149,f; 89% (long- 
term) 149,f 


Paliperidone 102,108,143,171-177 6—18% (6 wk)171; 33% 
(long-term) 171 

Quetiapine80,102,108,159,178-195 16% (18 mo)159; 8—23% (6—-|A 
12 wk)178; 18.3% (26 
wk)178,f 






Risperidone 102,108,155,156,159,163,164,184,186,190,196-209 | 14% (18 mo)159; 8.7-20.9% 
(3-8 wk) 196; 32.6% (3-8 
wk)196,f 

Ziprasidone80,159,210 T% (18 mo) 16; 10% (4-6 
wk)210 


ANTIPSYCHOTICS (CONVENTIONAL) 


Chlorpromazine 133,211-216 24.3% (6 wk)216 A 
Fluphenazine213,217-219 A 
Haloperidoll 62-164,175,202,213,214,218,220,221 10-22% (4-6 wk)220-221; JA 


39-87.5% (1-2 yr) 162,164 





Lithium34,161,222-225 
Perphenazine 159,211,213,214,226-228 
Thioridazine213,214,229-231 
Thiothixene2 13,214,232 
Trifluoperazine2 13,232-233 


ANTIRETROVIRAL THERAPY 


>} >] el] Pl] S&S 


Combined antiretroviral therapy234-240 B 
CHEMOTHERAPY 

Adjuvant chemotherapy for early-stage breast cancer241- {NK B 
252 

HORMONES 


Glucocorticoids253-258 
Insulin258-265 


Medroxyprogesterone266-275 





NK = not known. 
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aWeight gain of >7% of baseline weight as reported in prospective, randomized clinical trials with length of 


therapy listed in parenthesis. 
bDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

cIncidence of weight gain >7.5% of baseline weight over 16 weeks of therapy. 


dIncidence of weight gain >10% of baseline weight over 32 weeks of therapy. 
eTime period of treatment not specified. 
fChildren and adolescents. 


Differences in study design and methods also complicate the assessment of 
drug-induced weight gain. Most studies that have reported data regarding drug- 
induced weight gain were not specifically designed to assess this outcome. The 
majority of available information has been generated from adverse event data 
collected during prospective clinical trials or from retrospective observational 
studies. These studies include differing criteria for patient inclusion and exclusion, 
inconsistent definitions of significant weight gain (e.g., >5%, >7%, >10%), 
variable periods of follow-up, and different methods of reporting weight gain (e.g., 
kilograms, body mass index) and the extent of weight gain (e.g., mean, median, 
range, proportion of patients gaining significant weight). Because of these 
limitations, it is often difficult to compare the incidence and extent of weight gain 
caused by different medications. 


For the purpose of clinical trials, the U.S. Food and Drug Administration 
defines clinically relevant weight gain as an increase >7% of baseline weight. This 
corresponds to an approximate weight gain of 5 kg in a 70 kg individual. 
Unfortunately, statistics regarding weight gain are not collected in all clinical trials 
and therefore data are not available for all drugs. In some cases, clinical trials are 
not long enough to adequately evaluate a drug’s potential to cause weight gain. 
When available, the incidence of weight gain >7% of baseline as reported during 


prospective, randomized clinical trials is presented in Table 53-1.” 


MECHANISMS 


The proposed mechanisms for drug-induced weight gain are specific to each 
particular class of medication, and for many drugs, the exact cause of weight gain is 
unknown. Table 53-2 summarizes the mechanisms of drug-induced weight gain 
proposed for various drug classes.22.269.266.277-288 








Table 53-2 Mechanisms of Drug-Induced Weight Gain29,265- 


267,278-288 
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Drug 


Adjuvant chemotherapy for 
early-stage breast 


Anticonvulsants20,277,278 


Antidepressants279-28 | 


Antipsychotics279-283 


Antiretroviral therapy285 


Insulin265,286 
Lithium284 


Lithium284 


Steroid hormones266,287,288 


Proposed Mechanism 
NK 


Enhancement of GABA: f appetite and | basal metabolic rate 
Decreased blood glucose concentrations: 7 appetite 

Hyperinsulinemia and hyperleptinemia: + appetite 

Individual genetic receptor polymorphisms 

Blockade of noradrenergic ((7) receptors: ¢ appetite 

Blockade of serotonin (S-HT2¢:) receptors: t appetite 

Blockade of histamine (H]) receptors: f sedation and | physical activity 
Individual genetic receptor polymorphisms 


Blockade of serotonin (5-HT2¢) receptors: t appetite 

Blockade of dopamine (D2) receptors: t appetite 

Blockade of histamine (H1) receptors: f sedation and | physical activity 
Blockade of noradrenergic ((1) receptors: t appetite 

Blockade of muscarinic (M1) receptors: T appetite 

Individual genetic receptor polymorphisms 

Improved health status: + appetite 


Increases in visceral adipose tissue and trunk fat 
Impaired glucose homeostasis and dyslipidemia 


Promotes glucose uptake into cells: t glycemic control and ¢ energy storage 


Blockade of cAMP in renal tubules: ¢ thirst (¢ consumption of high-calorie 
drinks) 

Blockade of dopamine (D7) receptors: t appetite 

Inhibition of thyroid hormone synthesis: | basal metabolic rate 
Enhancement of GABA: f appetite and | basal metabolic rate 

Blockade of cAMP in renal tubules: f thirst (¢ consumption of high-calorie 
drinks) 

Blockade of dopamine (D2) receptors: t appetite 

Inhibition of thyroid hormone synthesis: | basal metabolic rate 
Enhancement of GABA: f appetite and | basal metabolic rate 


Hypercortisolemia and hyperinsulinemia: f appetite and t energy storage 


5-HT = 5-hydroxytryptamine, cAMP = cyclic adenosine monophosphate, GABA = gamma-aminobutyric acid, 


NK = not known. 


CLINICAL PRESENTATION AND DIFFERENTIAL 


DIAGNOSIS 


The clinical presentation and extent of weight gain caused by drugs may vary 
depending on the drug class. The extent of weight gain associated with specific 
drugs and drug classes is presented in Table 53-3. Endocrine and psychiatric 


disorders as well as environmental and behavioral factors should be assessed in 


the process of differentiating drug-induced weight gain from weight gain due to 
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other causes. Table 53-4 lists conditions to consider in the differential diagnosis of 
drug-induced weight gain. 


Table 53-3 Extent of Weight Gain Reported with Selected Drugs and Drug Classes 


Drug 


ANTICONVULSANTS 


Carbamazepine 


Gabapentin 
Pregabalin 


Valproic acid 


ANTIDEPRESSANTS 


Amitriptyline 
Bupropion 


Citalopram 


Clomipramine 


Desipramine 
Doxepin 
Duloxetine 
Escitalopram 
Fluoxetine 
Fluvoxamine 
Imipramine 
Maprotiline 
Mirtazapine 
Nortriptyline 
Paroxetine 
Phenelzine 
Sertraline 
Vilazodone 


Vortioxitine 





Extent of Weight Gain 
Reported in the Literature® 


7-15 kg over 2 mo* 
>7.5% over 4 mo" 


6~-15% over 6 mo"* 
5 to >10% over 12 mo’* 


4 kg over 6 mo” 
5.2 kg over 24 mo"* 


5.8 kg over 32 wk”; 8-49 kg 
over 7.1 yr** 


0.9-13.6 kg over 8 wk* 

10 kg over 1 mo® 

6.9 kg over 12 mo” 

4.9 kg over 2.5 yr® 

0.9-9.5 kg over 8 wk" 

2.7 kg over 9-13 wk'** 

0.61 kg over 8 mo” 

1.83 kg over 8 mo” 

5.2-7.7 kg over 8-12 mo** 
6.3 kg over 12 mo” 
2.3 kg/mo of therapy” 
4.2 kg over 4 wk” 
2.4-16 kg over 1-5 mo** 
1.82 kg over 6 mo” 

8.2-14.1 kg over 8-12 mo*** 
>6.8 kg over 4-16 wk" 

8.6 kg over 8 mo* 

1.7 kg over 52 wk” 

0.6 kg over 52 wk’* 


ATYPICAL ANTIPSYCHOTICS 


Aripiprazole 





1.7-4.3 kg over 2-3 mo™** 


“Reported as mean weight gain unless otherwise noted. 


ANTICONVULSANTS 


Anticonvulsant agents, including carbamazepine, gabapentin, pregabalin, and 


valproic acid are commonly associated with weight gain in children and adults. 


Drug 
Asenapine 
Brexpiprazole 


Clozapine 





lloperidone 


Olanzapine 


Paliperidone 





Quetiapine 





Risperidone 





Ziprasidone 
CONVENTIONAL ANTIPSYCHOTICS 


Chlorpromazine 


Haloperidol 


Lithium 


Thioridazine 





Extent of Weight Gain 
Reported in the Literature® 


2.63 kg over 7.6 mo” 
1.5-1.9 kg over 6 wk'" 


4.45 kg over 10 wk 
7.5-10.9 kg over 6 mo to 


1 YO ENN 


2.5 kg over 6 wk'? 


4.15 kg over 10 wk” 
4.1-12 kg over 6 mo to 


1 fc ea S759, 100.162. 164 


2.17 kg over 6 mo'”* 
3.4 kg over 1 yr'™ 


2.1 kg over 10 wk?” 
2,3-8.9 kg over 1 yrih!? 


1.2 kg over 3 mo*” 


2.58 kg over 10 wk” 
6.5 kg over 1 yr! 


0.48 kg over 10 wk” 
4.2-9.7 kg over 1-2 yr'@ ee? 


1.4-11.5 kg over 1-6 yr'@!?*"4 
3.19 kg over 10 wk” 


ADJUVANT CHEMOTHERAPY 


Adjuvant chemotherapy 
for early-stage breast 


cancer 


HORMONES 


Depot 


medroxyprogesterone 


Insulin 


Prednisone 








2.3-12.3 kg 1-2 yr after 
treatment" 

4.3-9.4 kg over 1-5 yr°?7* 

2.6-8 kg over 2 mo to 


2SP2IG6E, 262.265 
lyr 


2.6-13 kg over 1 yr? 


7-31 


Anticonvulsant-induced weight gain is generally characterized by an increased 


appetite and increased calorie consumption.”” A case series of four patients with 
epilepsy who were receiving carbamazepine therapy describes weight gain ranging 


from 7 to 15 kg after 2 months of therapy.’ A double-blind, randomized study 


designed to assess efficacy of carbamazepine add-on therapy in patients receiving 
phenytoin for partial seizures reported weight gain of >7.5% of baseline weight in 
4.7% of patients after 16 weeks.’ A retrospective chart review of 63 patients 
receiving carbamazepine for bipolar I disorder reported a mean (SD) body weight 
gain of 3.41 (£8.81) kg after 10 years of therapy.!° 


Table 53-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Weight ery 





Endocrine disorders 


* Cushing syndrome 

* Growth hormone deficiency 
¢ Hypothyroidism 

* Insulinoma 

* Leptin deficiency 


Environmental and behavioral factors 


* Overconsumption of calories 
* Sedentary lifestyle 
¢ Smoking cessation 


Psychiatric disorders 


* Binge eating disorder 
* Depression 
* Schizophrenia 


Gabapentin has been reported to cause dose-dependent increases in weight.!!"!4 


In a randomized, dose-controlled trial of 275 patients (doses ranging from 600 to 
2,400 mg/day), 16 patients (6%) experienced weight gain as an adverse event; 7 
(2.6% of the total sample) of these patients experienced a weight gain >7% of 
baseline weight after 26 weeks of therapy.'! In a review of 44 patients treated with 
high-dose gabapentin (mean dose 3,520 mg/day) for intractable seizures, 34% 
gained 5—10% of baseline weight and 23% gained >10% of baseline weight over a 
period of at least 12 months.!> One patient who was receiving 6,000 mg of 
gabapentin per day discontinued treatment after gaining 27 kg during | year of 
treatment. 


Pregabalin has also been reported to cause dose-dependent weight gain.!>-72 


During clinical trials assessing the efficacy of pregabalin for treatment of partial 
seizures, weight gain was reported in 9—20% of patients.!>!° In a retrospective 
analysis of 101 patients with epilepsy who were treated with pregabalin add-on 
therapy for at least 1 year, 26 (25.7%) experienced weight gain greater than 10% of 
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baseline weight.!° In a 6-month, randomized, controlled trial specifically designed 
to assess weight gain associated with pregabalin therapy for epilepsy, 41% (25 of 
61) of patients experienced a weight gain >5 kg.!” 

Valproic acid and valproate are well recognized as causes of weight gain, with 
numerous reports in the literature describing significant weight gain in adults and 
children.®22"3! In their review of 16 clinical trials, Jallon and Picard?° noted that 
the incidence of weight gain with valproic acid varied from 4% to 71%. The 
magnitude of weight gain reported in the literature has ranged from 2 to 49 kg 


during long-term valproate therapy.7”! In a prospective, randomized clinical trial 
specifically designed to assess weight changes associated with valproate as 
compared with lamotrigine, the average weight gain in patients randomly assigned 
to the valproate group was 5.8 kg over 32 weeks of treatment, with 38% of patients 
experiencing a >10% increase in weight from baseline.”° 


ANTIDEPRESSANTS 


Weight gain induced by tricyclic antidepressant (TCA) medications has been 
reported to be dose-dependent, treatment-duration-dependent, and typically 
associated with increased appetite and cravings for sweets and _ other 


carbohydrates.*+°’?°" A review of studies evaluating weight gain associated with 
amitriptyline, nortriptyline, and imipramine reported the average weight increase to 


be 0.57—1.37 kg per month of therapy.*4 In comparison to other TCAs, amitriptyline 
has been associated with the largest degree of weight gain.**°” 
The tetracyclic antidepressants maprotiline and mirtazapine have also been 


reported to cause significant weight gain in psychiatric patients.°!-’? Mirtazapine 
increases appetite and has been associated with weight increases ranging from 2.4 


kg over 4 weeks of treatment to 16 kg over 5 months of therapy.°* During short- 
term clinical trials, 7.5% of adult patients and 49% of children receiving 


mirtazapine experienced a weight gain >7% of baseline weight.*” 

Serotonin reuptake inhibitors and mixed serotonergic and noradrenergic 
antidepressants have been reported to induce small amounts of weight loss during 
short-term clinical trials.4? However, the weight loss observed during the early 
weeks of therapy may be followed by weight gain with long-term treatment.47434”- 
49.6 Based on available literature, paroxetine appears to be the most likely to 
induce significant weight gain, followed by sertraline and citalopram.47? 

Although bupropion is generally viewed as the antidepressant of choice for 


patients who are overweight or obese because of its propensity to cause weight 
loss, a recent case report described a woman with major depressive disorder who 


gained 11 kg over the first month of therapy.*° This case report may be an anomaly 
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due to the extremely low body weight of the patient at baseline (1.e., 35 kg) and the 
volume of literature reporting weight loss with bupropion. 


Finally, the monoamine oxidase inhibitor (MAOJ) phenelzine has been reported 
to cause clinically significant weight gain, but other drugs within the MAOI class of 
antidepressants have not been associated with this effect.’ 


ANTIPS YCHOTICS 


The drug class with the strongest association with significant weight gain is the 
antipsychotics. A landmark meta-analysis evaluated data regarding weight gain 
associated with antipsychotics from over 80 clinical trials.2?? Clozapine was 
associated with the greatest extent of weight gain, with an average gain of 4.45 kg 
over 10 weeks of treatment in patients receiving standard doses. Olanzapine, 
risperidone, and ziprasidone were associated with average weight gains of 4.15 kg, 
2.10 kg, and 0.04 kg, respectively. Significant mean weight increases of 0.48 kg, 
2.58 kg, and 3.19 kg were reported in association with the conventional 
antipsychotics haloperidol, chlorpromazine, and thioridazine, respectively. In this 
analysis, placebo treatment was associated with an average weight loss of 0.74 kg 
over 10 weeks. The investigators used a 10-week treatment period for comparisons 
because weight measurement data were available at this time point for most 
patients. Bak et al.!°? conducted a meta-analysis to evaluate longer treatment 
durations. Longer duration of treatment was associated with greater weight gain for 
all agents, except ziprasidone and aripiprazole, which appear to have the least 
should be amount of weight effects. 

Average weight gains ranging from 7.5 to 10.9 kg over 6 months to 1 year of 
therapy have been reported in patients receiving clozapine. !2%.!75-128.129.133.134 Ty one 
study, 21% of outpatients with schizophrenia experienced a weight gain of >20% of 
baseline weight, and 58% of outpatients experienced weight gains of >10% of 
baseline weight during 1 year of clozapine therapy.'*° Additional case reports have 
documented marked weight gains ranging from 30 to 50 kg associated with 
clozapine therapy.!!”-!2-!5 In patients receiving olanzapine, average weight gains 
of 4.1-12 kg have been reported following 6 months to 1 year of 
treatment, !49:150,152,153,157,159,160,162-164 OF patients receiving long-term therapy with 
olanzapine during clinical trials (median treatment period, 238 days), 56% 
experienced a weight gain of >7% of baseline weight. !”” 

Although conflicting data exist, antipsychotic-induced weight gain does not 
appear to be dose-related.*?! Weight gain induced by clozapine and olanzapine is 
associated with increased appetite, carbohydrate craving, and binge eating in some 
patients. !7!.!527°? Based on available information regarding atypical antipsychotic 
agents, it appears that clozapine and olanzapine are associated with the greatest 
degree of weight gain.'°?!°8 Weight gain with olanzapine and clozapine can 
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progress over 6 months to 1 year of therapy before reaching a plateau, with most 
weight gain occurring during the first 12 weeks.!?*!??'>> However, some reports 
have suggested that clozapine-induced weight gain may persist for up to 3-4 


years.!?7:!31 As compared with other atypical antipsychotics, ziprasidone, 
aripiprazole, and lurasidone appear to be associated with the smallest degree of 
weight pain, 942,14 

LITHIUM 


Weight gain is a common adverse effect of lithium therapy, occurring in up to 65% 
of patients during long-term treatment.?*-?7>**4 The average weight gain induced by 
lithium has been reported to range from 4.5 to 11.5 kg over 1 to 6 years.??7?74 
Weight increases of up to 28 kg have been described in the literature.2*” However, 
an expert panel from The Endocrine Society conducted a meta-analysis of 54 
different drugs that did not confirm an association between weight gain and 
lithium.*°° Women and patients with elevated baseline BMI may be more likely to 
gain weight with lithium therapy than other patients. Weight gain induced by lithium 
occurs primarily within the first 2 years of therapy before stabilizing and is 
characterized by an increase in appetite and thirst, resulting in overconsumption of 
high-calorie beverages.2727737 


ANTIRETROVIRAL THERAPY 


Historically, weight gain associated with antiretroviral therapy has been viewed as 
highly beneficial and associated with improved health status. In recent years, 
however, significant advances in the management of human immunodeficiency viral 
infection have resulted in the availability of highly effective therapies shown to 
reduce morbidity and mortality.7*4 Initiation of combined antiretroviral therapy 
(cART) has been associated with increases in body weight as well as the risk of 
cardiovascular disease and diabetes.7*+?*? Although the exact cause of weight gain 
in this patient population has not been confirmed, initiation of cART appears to be 
associated. Weight gain with cART is associated with increased visceral adipose 
tissue resulting in impaired glucose homeostasis, dyslipidemia, and an increased 
risk of cardiovascular disease.**° In a retrospective review of 681 patients, 20% of 
patients who initiated cART advanced from a normal or overweight status, to an 
overweight or obese status following 24 months of therapy.7*+ Weight gain in 
patients who have initiated cART appears to be greatest in the first year of 
treatment, in women, in those with lower baseline CD4 concentrations, and in those 
who are receiving protease inhibitors as a component of cART.7*° 
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CHEMOTHERAPY IN EARLY-STAGE BREAST 
CANCER 


Observational studies conducted in women with early-stage breast cancer have 
reported significant weight increases in the majority of patients receiving adjuvant 
chemotherapy.*4!*>7 Weight gain associated with adjuvant chemotherapy in this 
patient population has been reported to range from 2.5 to 6.2 kg during the treatment 
phase, and from 2.3 to 12.3 kg for 1—2 years after treatment.**©?*” Specific drugs 
reported to be associated with weight gain in this patient population include 
tamoxifen, prednisone, cyclophosphamide, methotrexate, and fluorouracil.?#3?“4 In 
contrast, some studies have reported no significant increases in weight in women 
who have’ received adjuvant chemotherapy regimens’ consisting of 
cyclophosphamide alone or in combination with paclitaxel.?”* The exact cause of 
weight gain in patients with early-stage breast cancer is poorly understood but may 
be related to the underlying disease state, increased calorie consumption, and 
decreased physical activity.2”°.?” 


HORMONES 


Weight gain is well documented as a consequence of therapy with exogenously 
administered hormones, including glucocorticoids, insulin, and sex-steroid analogs. 
In fact, some steroid hormones are specifically used to promote weight gain in 
certain patient populations.2?7”°" Daily oral prednisone therapy has been 
associated with dose-dependent increases in weight ranging from 2.6 to 13 kg over 
1 year of treatment.°*7** Glucocorticoid-induced weight gain is characterized by 
central adiposity, which is associated with increased health risks as compared with 
peripheral obesity.478788 

Insulin therapy is associated with an increase in body weight in patients 
diagnosed with both type 1 and type 2 diabetes.*°??© Weight gain is more common 
in patients receiving intensive insulin therapy than in those receiving conventional 
therapy.*°”-°! 64 Weight gain has been reported to range from 2.6 to 8 kg over 2 
months to 1 year of insulin therapy.*°?7°!7° Although sulfonylurea and 
thiazolidinedione drugs have been reported to cause increases in weight, 
particularly when used in combination with insulin, the weight gain associated with 
these agents alone does not typically exceed 5 kg.78°30!30? 

Conflicting literature exists regarding the significance of weight gain associated 
with oral contraceptives.*°°? Depot medroxyprogesterone has been reported to 
induce weight gain ranging from 4.3 to 9.4 kg over treatment periods varying in 
length from 1 to 5 years.7°°?’> Adolescents and women with elevated baseline BMI 
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appear to be at increased risk for weight gain associated with hormonal 
contraceptives.?/027! 


RISK FACTORS 


The incidence and extent of drug-induced weight gain differ significantly betes 
patients and across drug classes. Potential risk factors for drug-induced weight gain 
are listed in Table 53-5. 


Table 53-5 Risk Factors for Drug-Induced Weight 


Gain29-49,222,254,256,268,280,282,284,285,287,291,305-309 





Anticonvulsants" 


* Dose-dependent (valproic acid, gabapentin) 
* Female sex (valproic acid) 


Antidepressants*?:279:3%4 


* Dose-dependent 

* Genetic polymorphisms 

¢ Increased treatment duration 

¢ Low baseline BMI 

¢ Weight increases during first week of therapy 


amp ea 279,281,283,290,305-307 


Children and adolescents 
* Genetic polymorphisms 
* Increased treatment duration (clozapine) 
* Low baseline BMI 


Positive treatment response® 
* Treatment with clozapine or olanzapine 


Adjuvant chemotherapy for early-stage breast cancer?"® 


¢ Multiagent chemotherapy regimens of long duration 
¢ Premenopausal status 


Glucocorticoids2>4:2>5 


* Dose-dependent 
¢ Increased treatment duration 


Insulin?®© 


¢ Intensive insulin therapy 


Lithium?7?:284 
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¢ Elevated baseline BMI 
¢ Female sex 


Medroxyprogesterone (depot)?®! 
¢ Adolescents with elevated baseline BMI 


BMI = body mass index. 
alndicates inconsistent reports in the literature. 


MORBIDITY AND MORTALITY 


Obesity is a chronic disease that contributes significantly to overall morbidity and 
mortality.*°7" Epidemiologic data suggest that morbidity and mortality begin to 
increase with a BMI >25.°!° Increased morbidity has also been reported with 
modest weight increases, even when weight remains within the healthy weight 
range (BMI, 18—24).'*+ Obesity is directly linked to the development of 
hypertension, hyperlipidemia, and type 2 diabetes and is considered an independent 
risk factor for the development of coronary heart disease.’ Importantly, obesity may 
be the second most common factor contributing to preventable death in the United 
States, second only to cigarette smoking.*!! Obesity and overweight play significant 
roles in the development of gallbladder disease, degenerative joint disease, sleep 
apnea, and certain types of cancers. In addition to these health risks, overweight 
and obesity are associated with a significant psychological burden, potentially 
leading to depression and other psychological conditions. Therefore, drug-induced 
weight gain, particularly to the extent that it contributes to overweight or obesity, 
may be associated with an increased risk of morbidity and mortality. 


PREVENTION 


Prevention of drug-induced weight gain is achieved primarily through the 
implementation of counseling strategies that instruct patients and caregivers about 
behavioral modification, a proper weight-maintenance diet, and routine exercise 
prior to initiation of the potentially causative agent.*!*7!> Studies specifically 
evaluating the clinical effectiveness of behavioral and dietary interventions to 
minimize or prevent antipsychotic-induced weight gain have reported small 
differences in weight changes between patients receiving behavioral dietary 
interventions and those receiving standard care.*!°3!8 These interventions appear 
most effective when they include a combination of cognitive behavioral therapy, 
reduced caloric consumption, and increased physical activity; when they are 
implemented at the time of initiation of antipsychotic therapy; and when patients are 
able to adhere to the therapy for long-term.*!©!* Small studies have also evaluated 
the efficacy of drug treatment for the prevention of antipsychotic-induced weight 
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gain.*!?°27 In general, these studies have reported only modest results. No 
significant differences in degree of weight gain were reported in association with 
the concomitant use of drugs such as fluoxetine, nizatidine, and famotidine in 
patients receiving olanzapine therapy.*!*3*? However, evidence suggests that the 
addition of metformin, topiramate, or zonisamide may reduce weight gain or 
promote weight loss in patients receiving psychiatric medications.***37> Additional 
studies are needed to define the role of pharmacotherapy for the prevention of drug- 
induced weight gain. At present, behavioral and dietary interventions are the 
mainstay for prevention. 


For antipsychotic medications, a joint consensus statement issued by the 
American Diabetes Association, the American Psychiatric Association, the 
American Association of Clinical Endocrinologists, and the North American 
Association for the Study of Obesity, provides specific recommendations for 
patient monitoring with regard to weight.*!* The panel recommends collection of 
baseline personal and family history regarding obesity and measurement of height, 
weight, and waist circumference to determine whether the patient is currently 
overweight or obese or at risk to become overweight or obese in the future. 
Selection of an antipsychotic agent with less likelihood to cause significant weight 
gain may be preferable for at-risk patients. The patient, family members, and 
caregivers should also be informed of the potential for significant weight gain and 
the subsequent increased risk of diabetes and dyslipidemia. Body weight should 
then be reassessed at 4, 8, and 12 weeks after the initiation of therapy and quarterly 
thereafter. The panel recommends switching the antipsychotic agent to another 
medication with less propensity to cause weight gain if the patient gains >5% of 
baseline weight during any time in therapy. Approaches to help prevent drug- 
induced weight gain are reviewed in Table 53-6.27°!7-3!5 


Table 53-6 Approaches to Help Prevent Drug-Induced Weight 


Gajn293.312-315 





* Consider patients’ baseline height, weight, waist circumference, and risk factors for weight gain when 
selecting drug therapy 

* Educate the patient, family, and caregivers regarding diet, physical activity, and behavior modification 

* If patient gains >5% of baseline weight, switch to another agent that is less likely to cause weight gain 

* Monitor weight regularly and frequently 

* Refer patients to weight-management programs or nutritional counseling 


MANAGEMENT 
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The first step in managing clinically relevant drug-induced weight gain is to 
consider discontinuation of the causative drug and substituting another agent within 
the same drug class that is associated with less weight gain. Unfortunately, this 
option may not always be practical or possible. Potential alternatives to consider 
for agents implicated as the cause of clinically relevant drug-induced weight gain 
are listed in Table 53-7.°° 


If discontinuing the offending drug is not feasible, behavioral modification in 
combination with a low-calorie diet and increased physical activity has proven 
effective for some obese patients taking antipsychotic agents.*!°?!7 A 1-year study 
of standard nutrition, exercise, and behavioral interventions in patients with 
schizophrenia who had gained weight while receiving antipsychotic agents reported 
an average weight loss of 3 kg, while a comparison group of similar schizophrenic 
patients receiving usual care experienced an average weight increase of 3.2 kg.°*/ 
Current guidelines recommend a low-calorie diet that reduces daily caloric intake 
by 500-750 kcal and in combination with increased physical activity and 
behavioral modification.° A realistic treatment goal for the above recommendations 
is a 5—10% reduction in body weight over 6 months of therapy, which correlates to 
a loss of approximately 1—2 lb per week.® 


Antiobesity drug therapy is generally recommended as an adjunct to behavioral 
modification, a low-calorie diet, and increased physical activity when the 
combination of these three interventions has failed to produce sufficient weight loss 
in patients with BMI measurements >30 or those with BMI =27 who have at least 
one comorbid condition.° Few data exist regarding the efficacy of pharmacotherapy 
for the treatment of drug-induced weight gain. However, case reports and small 
studies have reported some success associated with use of amantadine, metformin, 
orlistat, topiramate, and zonisamide in psychiatric patients with drug-induced 
weight gain.*!?°742> Studies have also reported that the adjunctive aripiprazole 
may decrease weight in patients experiencing significant weight gain associated 
with stable doses of clozapine or olanzapine.*7***° Although it appears that some 
patients may benefit from pharmacotherapy when the combination of behavioral 
modification, low-calorie diet, and increased physical activity has failed to 
produce sufficient weight loss, further studies are needed to better define the role of 
pharmacotherapy in the management of drug-induced weight gain. 


Table 53-7 Potential Alternatives for Agents Implicated in Drug- 





Induced Weight Gain>26 


Anticonvulsants 


¢ Lamotrigine 
¢ Levetiracetam 


2170 


* Phenytoin 
* Topiramate 
* Zonisamide 


Antidepressants 
* Bupropion* 


Antipsychotics 


* Aripiprazole 
* Lurasidone 
* Ziprasidone 


Glucocorticoids 


* Disease-modifying antirheumatic drugs (DMARDs) 
* Nonsteroidal anti-mflammatory drugs (NSAIDs) 


Medications for type 2 diabetes 


¢ Amylin analogs? 

Glucagon-like peptide-1 (GLP-1) receptor agonists 
* Metformin 
* Sodium-glucose cotransporter 2 (SGLT-2) inhibitors 


Medroxyprogesterone depot 


* Oral contraceptives® 


aAlthough most data support weight loss, one case has reported significant weight gain.40 
bUsed in combination with insulin. 
cConflicting data exist suggesting decreased efficacy in patients with BMI >27 kg/m2. 


INFORMATION FOR PATIENTS 


Patients who are to receive medications that may cause clinically relevant weight 
gain should be informed of the potential for this drug-induced disease prior to 
initiation of therapy. Moreover, patients should be encouraged to begin a weight- 
maintenance diet plan and exercise routine prior to the initiation of therapy to help 
minimize potential weight gain. Appropriate education is a critical component in 
successful weight management. Therefore, patients should be provided with 
behavior modification information and education related to appropriate dietary 
choices and lifestyle modification. In addition, patients should be instructed to 
monitor their weight to detect any changes during drug therapy. 
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CHAPTER 54 


Temperature Dysregulation 


Susan M. Wilson and Ian A. Ross 


Normal human body temperature ranges from 36.7°C to 37°C measured orally. 
Axillary temperatures and those measured rectally are 1°C lower and 1°C higher, 
respectively. Intraindividual body temperature varies throughout the day and over 
time, and slight variations may also be noted between individuals. The anterior 
hypothalamus maintains body temperature within a relatively narrow range by 
sensing core body temperature and adjusting (homeostatic) mechanisms in the 
autonomic nervous system. Central dopaminergic and serotonergic pathways are 
also involved in temperature regulation via the autonomic nervous system. A 
relative decrease in serum dopamine concentrations or alterations in serotonin 
balance may lead to autonomic impairment and dysregulation in body temperature. 
Drugs may act as antigens to induce an immune-mediated response, causing the 
release of endogenous pyrogens such as interleukin-1 and tumor necrosis factor 
from leukocytes, resulting in a febrile response. 


Drug-induced hyperthermia may be divided into five general categories: altered 
thermoregulatory mechanisms, drug administration-related fever, fevers relating to 
the pharmacologic action of the drug, idiosyncratic reactions, and hypersensitivity 


reactions. | 
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A drug may alter thermoregulation by disrupting central dopamine or serotonin 
homeostasis, or via peripheral alteration of normal hypothalamic temperature 
balance, creating an imbalance of increased heat production and reduced heat 
dissipation. Two such drug-induced dysregulation diseases—neuroleptic 
malignant syndrome (NMS) and serotonin syndrome—will be discussed in 
subsequent sections. A rare, but serious, late effect of salicylate toxicity is fever 
resultant of excess heat production due to an uncoupling of mitochondrial oxidative 
phosphorylation.? Additionally, drugs may affect thermoregulation via modulation 
of peripheral factors that help maintain normal body temperature, including 
cutaneous and regional blood flow, hormonal responses, shivering, and sweating.*° 
Drugs such as anticholinergics, sympathomimetics, prostaglandins, general 
anesthetics, and thyroid supplements that affect these peripheral factors directly or 
indirectly will not be discussed in detail in this chapter. 


Drug administration-related fever 1s caused by pyrogens or endotoxins and is 
often encountered in association with agents derived from microbial products. 
These pyrogens induce an immune-mediated response causing the release of 
cytokines such as interleukin-1 and tumor necrosis factor from leukocytes, leading 
to fever. Examples include fever during amphotericin B and bleomycin infusion. 
Further, an administration-related response associated with fever may occur in 
association with drugs given intravenously (phlebitis) or intramuscularly (sterile 
abscess). Pentazocine and paraldehyde are known to induce such a response when 
administered intramuscularly. 


Fevers relating to the pharmacologic action of drugs are most commonly 
observed in the treatment of infections or cancer as pyrogen is released from 
damaged or dying cells. The classic example is the Jarisch—Herxheimer reaction 
that occurs during the treatment of syphilis. Patients taking clozapine may 
experience fever potentially due to the immunomodulating effects of increased 
concentrations of interleukin-6 and tumor necrosis factor. ”* 


Malignant hyperthermia is a specific idiosyncratic reaction that results in the 
development of severe fever and muscle damage in susceptible individuals 
receiving causative drugs. Approximately 5—-8% of patients treated with the 
antiretroviral drug abacavir experience a hypersensitivity reaction characterized by 
fever, rash, malaise, gastrointestinal, and respiratory symptoms that has been linked 
to the major histocompatibility complex allele HLA-B*5701. Reactions can be 
severe enough that screening prior to therapy initiation is required for safe use.”!° 


Finally, the most common cause of drug-induced hyperthermia is a 
hypersensitivity reaction. The reaction is mediated through immunologic 
mechanisms and caused by drugs or their metabolites, most commonly antibiotics.! 

Conditions to consider in the differential diagnosis of the drug-induced 
hyperthermia include primary central nervous system disorders (infection, tumors, 
ischemic or hemorrhagic stroke, trauma, seizures), systemic diseases (infections, 
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cancer, metabolic conditions, endocrinopathies, autoimmune disorders), and toxins 
(carbon monoxide, phenols, strychnine, tetanus). Drug reaction with eosinophilia 
and systemic symptoms (DRESS), discussed in Chapter 6: Drug Allergy and 
Cutaneous Diseases, is another condition in which hyperthermia is often observed. 
A comparison of the signs and symptoms of the various drug-induced hyperthermic 
conditions is presented in Table 54-1. 


Although antipyretics are effective in the treatment of hyperthermia due to drug 
fever and serum sickness-like reaction, careful temperature monitoring during their 
use is very important. The mechanism of fever in these cases is a hypothalamus- 
mediated increase in the body’s core temperature. Antipyretics are not effective for 
the treatment of hyperthermia secondary to NMS, serotonin syndrome, or malignant 
hyperthermia because the hyperthermia represents an alteration in thermoregulatory 
balance and hypermetabolism and not a fever. 


Drug-induced hypothermia is much less common than hyperthermia and is 
associated more commonly with illicit drugs rather than with prescription or 
nonprescription medications. Agents with agonist activity at the gamma- 
aminobutyric acid (GABA) receptor, such as gamma-hydroxybutyrate (GHB), are 
often associated with hypothermic effects. GABA is a primary inhibitory central 
neurotransmitter. GABA, dopamine, serotonin, and opioid peptides are mediators 
in temperature regulation; the primary effect of GABA is to decrease temperature. 


HYPERTHERMIA DUE TO DRUG FEVER 


A diagnosis of “drug fever” is generally established when there is a febrile 
response to a medication, no other cause of the fever may be elucidated, and the 
fever resolves upon discontinuation of the suspect agent.'!! Drug fever tends to be 
a diagnosis of exclusion following a review of a patient’s drug therapy, clinical 
presentation characteristics, and laboratory values. An early presumptive diagnosis 
of drug fever and initiation of treatment may reduce unnecessary further evaluation 
and patient discomfort. 


CAUSATIVE AGENTS 


Although any drug has the potential to cause drug fever, certain medications should 
be considered with a higher level of suspicion. Drugs that have been reported to 


cause drug fever are listed in Table 54-2.!7!°3 Anticonvulsants, certain 
antihypertensive drugs, antiarrhythmic agents, and antibiotics are the drugs most 
commonly associated with drug fever. Antibiotics account for approximately one 
third of cases.!*4 Of the antibiotics, penicillins and cephalosporins are most often 
implicated. Antibiotics that are rarely or have never been reported to cause drug 
fever include chloramphenicol, clindamycin, and aminoglycosides. !-!? 
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Table 54-1 Comparison of Signs and Symptoms Associated with Drug-Induced Hyperthermia 




















Characteristic Drug Fever ssik [NMS iS MH 
Boowniatel N N 
Usual onset from drug initiation 7-10 days Minutes 
Symptom resolution with drug withdrawal | Within 72 hours | 4-14 days | 24-72 hours | 24-72 hours | Minutes to hours 
Altered consciousness | N ¥ 
Behavior changes N N 
Hemodynamic alterations N Y 
Hyper-reflexia N N N 7 N 
Increased creatine kinase N x 4 
Increased white cell count Y N 
Muscle rigidity N Y 
Myoglobinuria N Y 
Rhabdomyolysis N Y 
Tachycardia N N Y ¥ Y 
Tachypnea/hypercarbia | N hd 





MH = malignant hyperthermia, N = not usually associated with this disease, NMS = neuroleptic malignant syndrome, SS = serotonin syndrome, 
SSLR = serum sickness-like reaction, Y = may be observed with this disease. 


EPIDEMIOLOGY 


The true incidence of drug fever is unknown because of underreporting and 
misdiagnosis. It has been estimated that a drug is the cause of fever in 
approximately 5—15% of hospitalized patients.!*>-!°’ The incidence is even higher 
in patients receiving antimicrobials other than antibiotics, such as antiviral agents, 
and in patients receiving other classes of medications, particularly anticonvulsant 
and cardiovascular drugs.'® It has been postulated that the incidence of drug fever 
is higher in older patients and in female patients; however, this has not been 
substantiated.'®!3° It has been demonstrated that drug fever due to antibiotics is 
more likely to occur in younger patients. !” 


MECHANISMS 


Drug fever has been hypothesized to be a type III hypersensitivity immune response 
reaction, based on the time course of the onset of symptoms, the clinical 
presentation, which may include eosinophilia, and its usual recurrence with 
rechallenge. !1%-!36138:139 Drugs or their metabolites may be directly antigenic or act 
as haptens and combine with endogenous proteins, which become antigens. The 
immune response may include release of immune mediators and cause the release 
of pyrogens, thereby inducing fever. 
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Table 54-2 Agents Implicated in Drug Fever* 


Level of 

Drug Incidence Evidence* 
3,4-methylenedioxymethamphetamine (MDMA; NK C 
ecstasy) 12 
6-mercaptopurine 13,14 NK C 
Acyclovir15 NK C 
Allopurinoll 6 NK C 
Amitriptyline 17 G 
Amphetamines 18 NK C 
Ampicillin16,19 NK C 
Amoxicilln—clavulanate20 NK C 
Asparaginase21 C 
Azathioprine22-30 NK C 
Benztropine3 | NK C 
Bleomycin32,33 NK C 
Carbamazepine34,35 C 
Carbenicillin36,37 NK C 
Cefoperazone 19 NK C 
Cefazolin38 NK C 
Cefotaxime 19 NK C 
Ceftazidime37 C 
Ceftizoxime 19 NK C 
Ceftriaxone39 NK C 
Cefuroxime 19 NK C 
Cephalexin38 NK C 
Chlorpromazine40 C 
Chlorambucil4 1 NK C 
Cimetidine42 NK C 
Cisplatin43 NK C 

NK C 
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Clofibrate44 
Cloxacillin45 
Cytosine46,47 
Diltiazem48 
Daunorubicin16 
Dobutamine49,50 
Doxepin17 
Erythromycin38 
Everolimus5 1 
Fluoroquinolones52 
Fluoxetine 17 

Folic acid53 
Furosemide54 
Ganciclovir55 
Haloperidol56 
Heparin57 
Hydralazine 16 
Hydrochlorothiazide38 
Hydroxyurea58-69 
Ibuprofen70 
Imipenem—cilastatin37,71 
Imipramine 17 
Isoniazid72-76 
Levamisole77 
Lysergic acid diethylamide (LSD)78,79 
Maprotiline 17 
Mebendazole80 
Methicillin16 
Methotrexate26 
Methyldopa 16,8 1-87 


Metoclopramide88 





Mezlocilln36,37 


Z 


Z Z; 2} Z| Z| Z| 4 Z| 4 
nw Al Al Al Al Al A Al A 
QO; a; ar~arararayayrarararay;yayararw~arar+reayryay;yrararararayayoayararlrayaya 


Z 


Z| 2 
| 





Z 
nw 


NO 
N 
=) 
NO 


Minocycline89 
Mycophenolate90 
Nafcillin37 
Naproxen38 


Nifedipine9 1 





Nitrofurantoin16,92 
Oxacillin93 

Penicillin! 16,37 
Phenobarbital92 
Phenytoin1,16 
Piperacillin19,36,37 
Potassium iodide 1,95,96 
Primidone92 
Procainamide 16,97-99 
Procarbazine 100 
Propafenone 101 
Propylthiouracill 6,102-106 
Pyrazinamide 107 
Quinidine 16,99,108-114 
Quinine 110 

Ranitidine 115 
Rifampin76,116 
Sirolimus 117 
Stavudine118 
Streptomycin119 
Streptozocin1 20,121 
Sulfonamides 1,16, 108,122,123 
Teicoplanin124 
Tetracycline 16 
Theophylline38 
Thioridazine 125 


Ticarcillm38 


Z| Z2| Z 
| 


Z| Z 
/ 


Z 
nw 


Z| Z| Z| Z 
li 
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Z; Z| Z| Z| Z| Z 
HN] 
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Z| Z 
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Tolmetin126 NK 
Trazodone 17 NK 


Triameterene 127,128 





Z| Z 
Al A 
Co] Ce Ce Oy oy) a 


Trifluoperazine 129 

Trimethoprim—sulfamethoxazole38,130 NK 
Vancomycin16,131 NK 
Vincristine 132 NK 
Zoledronic acid133 NK 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Table 54-3 Signs and Symptoms of Drug Fever 


* More common 

Fever 

Headache 

Leukocytosis 

Myalgias 

Relative sense of well-being 

¢ Less common 
o Elevated erythrocyte sedimentation rate 
o Elevated liver function tests (aspartate aminotransferase, alanine aminotransferase) and alkaline 

phosphatase 

Eosinophilia 

Maculopapular rash 

Relative bradycardia 

Thrombocytopenia 


o0o0dCOlUmO 


oo0o0 0 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 

Signs and symptoms of drug fever are presented in Table 54-3. The onset of fever 
is generally 7-10 days from the time of initiation of therapy with the culprit drug. 
The time of onset may vary by drug class, with the shortest time interval observed 
with antineoplastic agents (mean of 6 days) and antimicrobials (mean of 7.8 days) 
and a much longer time interval observed with central nervous system agents (mean 
of 18.5 days) and cardiac drugs (mean of 44.7 days).!© Because of this variability, 
assessment of the temporal relationship between drug initiation and fever onset 
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does not generally aid in the diagnosis. Patients who have been previously 
sensitized have symptoms much more quickly, usually within hours of 
reintroduction of the offending drug. 

The pattern of fever varies as well and may present as continuous, remittent, 
intermittent, or hectic.!:!°!7-!9!35 Hectic fever is variable or fluctuating; the use of 
antipyretics or other cooling measures may contribute to this pattern. Chills and 
rigors may occasionally accompany fever, mimicking the symptoms of sepsis, 
thereby complicating the diagnosis. Patients may experience a low maximum 
temperature (T,,,,), or it may be as high as 43°C.’ No strong association has been 
made between T,,,,, and any patient characteristics, except an inverse relationship 


between T,,,,, and age.’ Higher temperatures have been observed in patients taking 
antineoplastic agents; however, this may have been due to the underlying disease. 

Cutaneous manifestations are observed in 18-29% of patients during or 
following drug fever.'!°!9 After discontinuation of the offending agent, a 
maculopapular rash can occur that may have an urticarial component with or 
without petechiae, !!936.58,101,137,140 


Although heart rate typically increases with fever, with drug fever heart rate 
may not increase to the extent expected relative to the temperature elevation. This 
“relative bradycardia” in patients without another explanation (e.g., those taking B- 
blockers or with second- or third-degree heart block) has been used as evidence 
favoring the diagnosis of drug fever, particularly in patients for whom infection or 
sepsis is being ruled out.!*>!7° Although some patients may experience headache or 
myalgias, another common observation in patients with drug fever is the sense of 
well-being relative to the degree of hyperthermia; often patients feel well and are 
not aware of the fever.!° 


Laboratory abnormalities that may occur with drug fever include leukocytosis, 
thrombocytopenia, eosinophilia, and markedly elevated erythrocyte sedimentation 
rate and serum aspartate aminotransferase, alanine aminotransferase, and alkaline 
phosphatase concentrations. !®!936°8.88,101,128,141 


Differential diagnosis of drug fever is difficult because of the inconsistent and 
nonspecific signs and symptoms described above. Patients often undergo an 
extensive evaluation and treatment for infection, including blood cultures, 
radiologic studies, antibiotics, and antipyretic therapy. Multiple studies highlight 
the cost of diagnostic exclusion and a late diagnosis of drug fever, citing an average 
of five blood cultures per patient and 2.85 radiological examinations, with an 
attributed length-of-stay increase of 5.5—8.7 days and an average cost of $9,022 per 
patient.!4°!4* A reasonable effort should be made to rule out other causes (Table 
54-4). However, depending on the severity of illness, a trial of discontinuing 
potential fever-inducing medications may be considered. 
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Table 54-4 Conditions to Consider in the Differential Diagnosis 


of Drug Fever 





¢ Drug withdrawal (alcohol, benzodiazepines, levodopa) 
* Endocrine disorders 

* Heat stroke 

* Hematologic or solid organ malignancy 

* Infection 

* Sepsis 


RISK FACTORS 


Risk factors for the development of drug fever have not been fully elucidated. 
Patients with a prior drug allergy and those with a history of atopic disease have 
not been shown to be more susceptible to drug fever.!° A higher incidence of drug 
fever has been noted in patients with active HIV infection as well as those with 
cystic fibrosis. This increased incidence may be due in part to increased use of 
antibiotics and antiretrovirals in these patient populations.!4*-!* Patients with 
glucose-6-phosphate dehydrogenase deficiency may be at higher risk for drug fever 
associated with methyldopa because of drug accumulation and higher serum 
concentrations.8” Younger patients may be at higher risk for drug fever secondary to 
antibiotic administration. !?.!>° 


MORBIDITY AND MORTALITY 


The clinical course for patients with drug fever may range from full recovery 
following very mild illness to significant morbidity and mortality. Drug fever may 
be the first sign of a hypersensitivity reaction that can prove fatal, even though a 
direct relationship is rare. In one evaluation of 290 cases of drug fever, 10 patients 
died.'!° Those who died were more likely to have higher temperatures and an 
underlying diagnosis of cancer.'!° Most other reviews and cases in the literature 
have not reported death as a common event associated with drug fever. Continuing 
the offending agent after a fever appears may put a patient at risk for more serious 
sequelae, including organ dysfunction, as the syndrome may be expected to worsen. 
Progression of disease and organ dysfunction is the most probable cause of death 
due to drug fever. 


PREVENTION 


The recurrence of drug fever may be prevented by avoiding the offending agent and 
using an alternative drug if possible. Cross-sensitivity between drugs in the same 
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class is a theoretical concern but has not been reported after the reaction has 
completely resolved. Given the possibility of recurrence, choosing an agent from 
another class may be warranted if treatment is to continue. However, after 
discontinuation of the offending agent, a secondary immune reaction may be 
observed if the patient is taking another immune sensitizing drug.! The mechanism 
by which this occurs is not well understood but is not thought to be mediated via 
cross-allergenicity, as these drugs are often pharmacologically unrelated.!>/ 
Desensitization protocols should be implemented in patients for whom no other 
treatment options are possible. Desensitization is usually accomplished by 
administering very small doses of the drug via the intravenous or oral route. The 
dose is gradually increased over hours or days until the full therapeutic dose may 
be safely administered. In addition to general desensitization guidelines, specific 
desensitization protocols have been published for many drugs that cause drug fever, 
including acyclovir, allopurinol, aspirin, imipenen-—cilastatin, isoniazid, penicillin, 
rifampin, ticarcillin—clavulanate, trimethoprim—sulfamethoxazole, chlorambucil, 


and vancomycin. !4@!48 


MANAGEMENT 

Discontinuation of the suspected causative agent is the primary treatment, as drug- 
induced fever is unlikely to remit otherwise (Table 54-5). The fever generally 
resolves within 72 hours of discontinuation of the offending drug, and no other 
treatment may be necessary. Rarely, 4-5 days may be required for resolution of 
fever if drug or metabolite elimination is prolonged. For patients receiving therapy 
with multiple medications and for whom the fever-inducing drug is not known, it is 
advisable to discontinue all non-life-sustaining medications, particularly those of 
higher suspicion, including all antimicrobial drugs, if possible. Medications may be 
reintroduced cautiously, one at a time, if necessary after fever abatement. 
Corticosteroids may be used to help prevent or treat fever and other manifestations 
of drug fever if continuation or reintroduction of a particular potential culprit drug 
is necessary. Corticosteroids are also indicated in patients with severe systemic 
manifestations of drug fever, including vital organ involvement. Corticosteroids 
should be used judiciously, particularly in patients with concomitant infection or 
increased risk of infection or in those with pre-existing immunosuppression from 
disease or other drug therapy. Antipyretics should be avoided to facilitate 
monitoring of the patient’s response to discontinuation of suspected sensitizing 
medications and should be reserved for use as a comfort measure, if necessary. 


Table 54-5 Management of Drug Fever and Serum Sickness- 


Like Reaction 
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¢ Discontinue suspected agent 

¢ Discontinue all non-life-sustaining therapies 

¢ Antihistamines may be considered for rash-associated pruritus 

* Corticosteroids for treatment of severe systemic signs and symptoms 


The risks and benefits of rechallenge should be weighed prior to reintroduction 
of the suspected agent. Although patients have been rechallenged with relatively 
few serious sequelae, there is a potential for the occurrence of a faster onset, more 
severe drug fever reaction upon rechallenge.!° 

Following discontinuation of the suspected culprit drug or drugs, patients with 
presumed drug fever should be monitored for resolution of signs and symptoms, 
most importantly fever. Resolution should occur within 72 hours (Table 54-6). 
Patients should also be monitored for signs and symptoms of infection just in case 
the diagnosis of drug fever was incorrect or in case concomitant infection 1s 
present. 


Table 54-6 Monitoring Parameters for Patients in Whom Drug 


Fever or Serum Sickness-Like Reaction Develops 


* Blood urea nitrogen and serum creatinine concentrations 
* Coagulation profile 
* Heart rate 
¢ Liver function tests (aspartate aminotransferase, alanine aminotransferase) and alkaline phosphatase 
° Platelet count 
* Pulse oximetry 
* Respiratory rate 
Serum electrolyte concentrations 
¢ Temperature 
¢ White cell count with differential 





INFORMATION FOR PATIENTS 


General education of patients receiving a new prescription for a medication that 
may cause drug fever is imperative. This is particularly important for those 
receiving prescriptions for antibiotics, anticonvulsants, and other drugs associated 
with a higher incidence of drug fever. Patients should be counseled regarding the 
approximate time of onset and signs and symptoms to watch for and should be 
instructed about when to seek medical attention. Onset of fever within hours of 
initiating drug therapy, particularly with a drug to which the patient has been 
previously exposed, requires medical evaluation. A fever that is not associated 
with other symptoms of infection, and one that is temporally related to the initiation 
of drug therapy, should prompt the patient to contact a healthcare professional. 
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Clinicians should instruct patients to be aware of a fever and the corresponding 
time interval expected for each drug class. Patients receiving antibiotics, central 
nervous system agents, or cardiac drugs should report a fever that presents within 
7-10 days, 3 weeks, or 4—6 weeks, respectively, after initiation of therapy. Finally, 
patients with a history of safe antibiotic use or a prior experience with drug fever 
should be instructed to keep this information in their health records and to provide 
this information to prescribers and other healthcare professionals. 





Hyperthermia Due to Serum Sickness-Like Reaction 


Serum sickness occurs after the administration of heterologous antitoxin serum. 
When the syndrome is associated with any other antigenic source, it is known as a 
serum sickness-like reaction (SSLR).!47!°° Drugs are the most common cause of 
SSLR. Although antibiotics are commonly implicated, SSLR has been reported in 
association with a wide variety of medications. SSLR may be a form of drug fever, 
may accompany drug fever, or may be an extension of drug fever. 


CAUSATIVE AGENTS 


When SSLR was first described, the primary drugs implicated were those 
containing antigenic (foreign) material such as antitoxins, vaccines, antivenom, and 
murine monoclonal antibodies.!°!!®© The advent of recombinant human-derived 
biologic agents has minimized cases of antigenic SSLR. Most recent reports of 
SSLR have been described in association with antibiotics, classically cefaclor. 
Rare cases of humanized monoclonal antibody-mediated SSLR have been reported. 
Drugs that have been reported to induce SSLR are listed in Table 54-7.!°°*? 


EPIDEMIOLOGY 


It is difficult to determine the incidence of SSLR, and most available information is 
related to antibiotic-associated SSLR. It has been estimated that SSLR occurs in 
approximately 0.2% of drug courses and in 0.5% of pediatric patients receiving 
multiple courses of antibiotics.!”? Serum sickness accounts for up to 68% of drug- 
induced reactions reported in association with cefaclor.'*? One review of antibiotic 
use found five cases of SSLR in 3,553 courses of cefaclor; five cases in 5,597 
courses of amoxicillin; one case in 13,487 courses of trimethoprim— 
sulfamethoxazole; and one case in 2,325 courses of penicillin.!’! The relative risk 
of SSLR associated with antibiotic therapy was 65.1. The risk of SSLR associated 
with cefaclor was 14.8 relative to amoxicillin. 
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MECHANISMS 


Like drug fever, SSLR is probably a type III hypersensitivity reaction, although 
there may also be a complement independent mechanism whereby the fragment 
crystallizable (Fc) region of an antibody reacts directly with the gamma receptors 
of leucocytes.?°+7°° The parent drug, reactive metabolites, or a combination of the 
drug and endogenous proteins may form soluble immune complexes or antigens. 
These circulating soluble immune complexes deposit in tissues, most commonly 
joints, and activate an inflammatory response causing the release of mediators such 
as histamine, serotonin, complement, and platelet-activating factor. This leads to 
tissue injury and the clinical manifestations of serum sickness. 


Table 54-7 Agents Implicated in Drug-Induced Serum Sickness- 


Like Reaction 





Drug 
6-mercaptopurine 166 
Adalimumab230 
Alemtuzumab231 
Amoxicillin| 67-172 
Antithymocyte globulin (equine or murine) 155 
Bupropion! 73-177 
Carbamazepine 178 
Cefaclor170,179-189 
Cefazoln190 
Cefprozill91 
Ceftriaxone 192 
Cefuroxime 192,193 
Cephalexin169 
Ciprofloxacin1 94,195 
Clopidogrel196,197 
Fluoxetine 198-201 
Griseofulvin202 


Infliximab159, 160,203 
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Insulm232 NK C 
Tron dextran204 C 
Itraconazole205 NK C 
Meropenem206 NK C 
Metronidazole207 NK C 
Minocycline208-212 NK C 
jvacetylcysteine2 13 C 
Natalizumab214 NK C 
Omalizumab233 NK C 
Penicillin! 70,171,215 08% |B 
Propranolol2 16 C 
Rituximab156-158,218-224 NK C 
Streptokinase225-228 NK C 
Sulfonamides with trimethoprim169,171 B 
Ticlopidine229 Cc 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Table 54-8 Signs and Symptoms Associated with Drug-Induced 


Serum Sickness-Like Reaction 


¢ Arthralgias 

* Edema 

¢ Fever 

* Increased C-reactive protein 

* Increased erythrocyte sedimentation rate 

* Increased liver transaminases (aspartate aminotransferase, alanine aminotransferase), lactate 
dehydrogenase, and alkaline phosphatase 

¢ Increased serum creatinine 

¢ Leukocytosis 

* Lymphadenopathy 

* Malaise 

¢ Morbilliform or purpuric rash 

* Myalgias 

* Urticaria 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 

The onset of SSLR after primary exposure to a causative drug is usually 6—21 days 
but may be as long as 4—6 weeks.!98°737 The onset following secondary exposure 
is much shorter, usually 1-4 days.7°??°! The reaction may occur even after 
discontinuation of a causative agent, and diagnosis can be considerably more 
difficult in this situation.!’*!°8 Fever, malaise, and lymphadenopathy are the 
cardinal symptoms of SSLR (Table 54-8). Patients may also experience arthralgias, 
particularly in the major joints, and myalgias, commonly in the hands and feet. 
Urticaria and morbilliform or purpuric rashes are common. !/?7!2728238 Edema may 
occur, usually in the hands and feet or the face and neck, and patients may 
experience headache or blurred vision. Laboratory abnormalities may include 
leukocytosis with or without a left shift, increases in aspartate aminotransferase, 
alanine aminotransferase, lactate dehydrogenase, alkaline phosphatase, serum 
creatinine, erythrocyte sedimentation rate, and C-reactive protein, although these 
are inconsistent findings. Proper diagnosis requires careful questioning of patients 
with the suggestive signs and symptoms. Other conditions to consider in the 
differential diagnosis include febrile illness, reactive or systemic juvenile 
idiopathic arthritis, systemic lupus erythematosus, or drug-induced hyperthermic 
conditions (Table 54-9). In general, the presence of fever, arthralgias, and 
lymphadenopathy, although not always present, are useful clues to the diagnosis of 
drug-induced SSLR. 


Table 54-9 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Serum Sickness-Like Reaction 





* DRESS 

¢ Drug withdrawal (alcohol, benzodiazepines, levodopa) 
* Endocrine disorders 

* Heat stroke 

* Hematologic or solid organ malignancy 

* Infection 

* Reactive or systemic juvenile idiopathic arthritis 

¢ Systemic lupus erythematosus 


DRESS = drug reaction with eosinophilia and systemic symptoms. 


RISK FACTORS 


Risk factors for the development of SSLR in children prescribed amoxicillin or 
cefaclor include younger age (<5 years), longer course of antibiotic therapy, and 
multiple courses of antibiotics.'/! Risk factors in adults for SSLR due to drugs 
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other than antibiotics have not been identified although some reports suggest a 
greater likelihood of developing SSLR with higher dosages of antitoxins or 
antivenoms, intermittent heterologous protein exposure (versus continuous 


exposure), and concomitant hypergammaglobulinemia with monoclonal antibody 


administration, !©72!,39 


MORBIDITY AND MORTALITY 


In general, the course and outcome of drug-induced SSLR are _ benign. 
Hospitalization may be required for patients with significant arthralgic involvement 
due to disability and for supportive therapy. 


PREVENTION 


An initial event of drug-induced SSLR is unlikely to be effectively prevented. 
Judicious antibiotic use, particularly in children, is recommended. The use of 
cefaclor is associated with a higher incidence of occurrence as compared with that 
due to other antibiotics; however, this is not reason enough to avoid the use of this 
agent. 

For secondary prevention of SSLR, the offending agent should not be 
administered again. Another drug from the same pharmacologic class may be 
initiated, with close monitoring and thorough patient education. There are no data 
demonstrating a risk of cross-reactivity, and there are cases reported in which 
another drug from the same class was used without sequelae.!””7*° Fluoxetine, as 
well as rituximab, desensitization has been implemented successfully in patients 
with a previous SSLR reaction.2?!4! 


MANAGEMENT 


Discontinuation of the causative drug is the primary treatment (Table 54-5), and 
typically signs and symptoms of SSLR will begin to abate within 72 hours.!?° In 
general, drug-induced SSLR resolves 4-14 days after the discontinuation of 
therapy, although it may take up to 1 month to completely resolve.*!* Medical 
management may include antihistamines for urticaria and pruritus and in more 
severe or worsening cases corticosteroids.!”4 Steroids have proven very successful 
in rapidly reversing symptoms, including rash, joint pain, and facial swelling or 
edema. Corticosteroids may be administered intravenously or orally in a fixed or 
tapering regimen over 5—14 days, !74176179.187,188,194-196,198,204,205,209,217.218,225 Ty rare 
cases, in which discontinuation of the offending agent is not possible, 
plasmapheresis is an option.?** Monitoring parameters in patients with SSLR 
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include those listed in Table 54-6, in addition to resolution of rash, pruritus, and 
arthralgias. 


INFORMATION FOR PATIENTS 


Patient education is similar for drug fever and drug-induced SSLR. Patients should 
be aware of the potential for drug-induced SSLR, the approximate onset, signs and 
symptoms, and when to seek additional medical intervention. Worsening fever, 
lymphadenopathy, and any joint pain or rash should prompt patients to contact a 
healthcare professional for further instructions. Patients with a previous history of 
SSLR should keep this information in their health records and provide this 
information to prescribers and other healthcare professionals to avoid re-exposure. 





HYPERTHERMIA DUE TO NEUROLEPTIC 


MALIGNANT SYNDROME 





First described in 1960, NMS is a serious, idiosyncratic reaction to certain 
medications, primarily neuroleptics, that results in a relative dopamine depletion 
causing muscle rigidity, hyperthermia, autonomic instability, and altered mental 
status.2** Although NMS is an uncommon disorder, the sequelae may be serious, 
particularly if the condition is unrecognized and left untreated. 


CAUSATIVE AGENTS 


Hundreds of cases of NMS have been reported in the literature, most secondary to 
neuroleptic agents, particularly haloperidol.*4***° Other agents that inhibit 
dopamine have been implicated, including prochlorperazine, metoclopramide, 
lithium, and anticonvulsants.“*°7° Drugs that have been associated with NMS are 
listed in Table 54-10.7*°->7° The older, higher-potency antipsychotic agents such as 
haloperidol and fluphenazine are more likely to induce NMS than the newer, 
atypical agents such as risperidone and olanzapine, although this may be because 
there is more experience with and exposure to the older drugs. 








Table 54-10 Agents Implicated in Drug-Induced Neuroleptic 


197 


Malignant Syndrome 






Level of 
Evidence* 


Amoxapine261,266 





Aripiprazole267-273 NK C 
Carbamazepine262-264 NK C 
Chlorpromazine247,254,255 NK C 
Clozapine264,274,277-283 NK C 
Donepezil284 NK C 
Droperidol247,248,285-288 NK C 
Fluphenazine289,290 NK C 
Haloperidol243-246 NK C 
Tloperidone327 NK C 
Lamotrigine328 NK C 
Lithium246,253-261,271,291 NK C 
Lorazepam292 NK C 
Loxapine274,293 NK C 
Metoclopramide248-252 NK C 
Molindone246,294,295 NK C 
Olanzapine257,296-308 NK C 
Paliperidone309,329 NK C 
Perphenazine3 10-312 NK C 
Phenelzine244,253 NK C 
Phenytoin265 NK C 
Prochlorperazine247 NK C 
Promethazine266,289,3 13 NK C 
Quetiapine307,3 14-317 NK C 
Risperidone259,261,283,307,318,319 NK Cc 
Thioridazine260,294,320 NK C 
Thiothixene32 1,322 NK C 
Trifluoperazine294,3 18,322-325 NK C 
Valproic acid330 NK C 
Ziprasidone29 1,326 NK C 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
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retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


The reported incidence of NMS ranges from 0.02 to 3.23% in patients treated with 
neuroleptics.*°°343 The true incidence may be higher because of a lack of 
recognition and underreporting. Retrospective analysis reports the incidence of 
NMS can be as high as 12%.*443 The reported number of NMS cases is 
decreasing, perhaps because of the availability of newer, lower-potency 
antipsychotics.**° NMS occurs approximately twice as commonly in men than in 
women and has been reported to occur more frequently in young and middle-aged 
adults, with an average age at occurrence of 40 years, although conflicting evidence 
exists.°4!“* It should be noted that the apparent higher occurrence in younger male 
patients may be secondary to a higher incidence of schizophrenia in this population 
and subsequent higher use of neuroleptics.*4’ Patients with pre-existing 
psychomotor agitation and mental retardation are significantly more likely to 
develop NMS.*48:34? 


MECHANISMS 


NMS is a dose-related idiosyncratic reaction that is a result of a relative depletion 
of dopamine in the central nervous system. NMS may also involve the serotonergic 
and cholinergic systems. Inhibition of dopaminergic systems in the central nervous 
system, namely the anterior hypothalamus, and metabolic changes in peripheral 
skeletal muscle lead to a sustained muscle contraction, resultant heat production, 
and inappropriate vasoconstriction, decreasing heat dissipation and leading to 
hyperthermia. This occurs as a result of drug-induced antagonism of dopamine 
receptors or transmission blockade but has also been reported after changing 
antipsychotic medications or with the addition of new medications to a neuroleptic 
regimen that alter additional neurotransmitters such as serotonin. Typical 
antipsychotics have a greater specificity to antagonize D, dopamine receptors, 
whereas atypical antipsychotics are believed to be more selective toward D, and 
D4. One proposed mechanism for the decreased incidence of NMS with atypical 
agents is their ability to also inhibit 5-hydroxytryptamine receptor 2A.°*” Abrupt 
discontinuation of anti-Parkinsonian agents such as dopamine precursors 
carbidopa—levodopa and dopamine agonists amantadine, ropinirole, pramipexole, 
or bromocriptine can produce a subtype of NMS known as Parkinsonism 
hyperpyrexia syndrome. In these cases, NMS resolves after reinitiation of therapy 


with these drugs.255350-355 
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Table 54-11 Signs and Symptoms Associated with Drug-Induced 


Neuroleptic Malignant Syndrome 





« Autonomic dysfunction 
o Hypertension or fluctuating blood pressure 
o Hyperthermia 
o Tachycardia 
o Tachypnea 
¢ Diaphoresis 
* Electrolyte abnormalities 
o Hypocalcemia 
o Hypokalemia 
o Hypomagnesemia 
Increased serum creatine kinase 
¢ Leukocytosis with or without a left shift 
Mental status changes 
o Coma 
o Delirium 
o Obtundation 
o Stupor 
* Metabolic acidosis 


* Muscke rigidity (lead-pipe rigidity) 
* Rhabdomyolysis and myoglobinuria 


aThis classic sign may not always be observed in patients with neuroleptic malignant syndrome caused by 


atypical antipsychotics. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


NMS usually occurs within hours to months after the initiation of neuroleptic 
therapy or following a dose increase but may take up to a year or longer to 
manifest. In most cases, NMS develops within the first 4 weeks of therapy with the 
offending agent. Classic signs and symptoms of NMS (Table 54-11) develop 
progressively over 1—3 days and include hyperthermia, severe muscle rigidity 
(described as lead-pipe rigidity), autonomic dysfunction (tachycardia, tachypnea, 
hypertension or fluctuating blood pressure, diaphoresis), and mental status changes 
(delirium, stupor, obtundation, coma). There tends to be a particular pattern to the 
onset of the signs of NMS, which may help in early diagnosis and recognition. In 
more than 80% of cases, mental status changes and rigidity (or serum creatine 
kinase [CK] elevations) can be expected to precede autonomic dysfunction and 
hyperthermia.*>! Other signs that may be observed include increased CK 
concentrations, leukocytosis with or without a left shift, and electrolyte 
abnormalities (hypocalcemia, hypokalemia, hypomagnesemia). Increased CK 
concentrations have been found in over 95% of reported cases and may be 
demonstrated in patients without the classic muscle rigidity.**7>°>° Elevated CK 
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may also be a function of repeated intramuscular injections to control agitation as 
well as combativeness against physical restraints. Rhabdomyolysis and resultant 
myoglobinuria may develop and, without intervention, may progress to renal failure 
and metabolic acidosis. Temperature elevation may follow other signs and 
symptoms, and the absence of hyperthermia should not preclude the consideration 
of NMS. Temperatures of over 38°C are seen in 87% of patients. Temperatures in 
excess of 40°C occur with a prevalence of 40%.°°’ NMS is often confused with 
heat stroke because both may cause mental status changes and because neuroleptics 
are a risk factor for both conditions. In contrast to those with NMS, patients with 
heat stroke present with hot, dry skin, hypotension, and limb flaccidity. Temperature 
elevation may not be as pronounced in association with the atypical antipsychotics, 
particularly risperidone and paliperidone.*°”?!9>8>? In addition, NMS induced by 
atypical antipsychotics may be associated with a longer time to onset and the 
absence of muscle rigidity.*°”>°! The presence of CK elevations in these patients 
may be particularly useful in the diagnosis.*™ The clinical presentation in children 
differs slightly from adults in that children may exhibit more dystonia and less 
tremor.>” 


Because NMS has various manifestations, differential diagnosis must include 
many neurologic, psychiatric, systemic, and drug-induced disorders. Catatonia may 
be an early sign of NMS and may be confused with the underlying illness, leading 
the clinician to increase the dose of the neuroleptic, which may worsen the 
condition. Patients with pre-existing catatonia may be at increased risk for NMS, 
but there is some speculation that NMS and catatonia are part of the same 
neurochemical syndrome or that NMS is an exacerbation of catatonia.*°?7 
Catatonia is usually treated with neuroleptics, and therefore NMS may be more 
likely to develop because of continued treatment, rapid dose escalation, or higher 
usage of parenteral neuroleptics. The initial presentation may be helpful for 
differentiating catatonia from NMS: lethal catatonia often begins with extreme 
psychotic excitement, often over weeks, with more dystonic movements whereas 
NMS usually begins with muscle rigidity, although there are exceptions. It should 
be recognized that there is a relationship between the two syndromes, and in 
patients with catatonia or NMS with catatonic signs or symptoms, consideration 
should be given to alternative therapy, such as _ benzodiazepines or 
electroconvulsive therapy (ECT). 

Abrupt withdrawal of certain medications has been described to produce a 
NMS-like syndrome. As mentioned previously, cessation of dopaminergic agents 
can produce the Parkinsonism hyperpyrexia syndrome. Reinstitution of therapy is 
usually sufficient to alleviate symptoms.*°° Another NMS-like picture occurs in 
patients who abruptly discontinue therapy with baclofen.*?!>*> In the majority of 
these cases, patients were receiving baclofen intrathecally.**!>°? Patients who have 
used cocaine may also present with symptoms similar to NMS, including agitation, 
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delirium, and hyperthermia, but often without rigidity. It has been theorized that 
cocaine enhances dopamine reuptake, such that decreasing serum cocaine levels 
produces a relative decrease in dopamine transmission.*>° 


Serotonin syndrome, anticholinergic delirium, sympathomimetic overdose, 
pheochromocytoma, thyrotoxicosis, status epilepticus, and lithium toxicity are other 
disorders with signs and symptoms that overlap with NMS (Table 54-12). In one 
review of 28 patients who met criteria for NMS, 22 also met diagnostic criteria for 
serotonin syndrome.*!! Another review compared signs and symptoms of NMS 
induced by olanzapine with the 10 “classical” signs and symptoms of serotonin 
syndrome. Three or more signs and symptoms of serotonin syndrome were 
identified in 11 of the 17 patients, indicating considerable overlap between these 
drug-induced diseases.*°”>° 






Table 54-12 Conditions to Consider in the Differential Diagnosis 
of Drug-Induced Neuroleptic Malignant Syndrome 
* Status epilepticus 
¢ Anticholinergic toxicity 
¢ Drug withdrawal (alcohol, benzodiazepines, baclofen) 
* Endocrine disorders 
¢ Heat stroke 
* Hematologic or solid organ malignancy 
* Infection 
* Lithium toxicity 
¢ Parkinsonism hyperpyrexia syndrome 
* Pheochromocytoma 
Sepsis 
Serotonin syndrome 
¢ Thyrotoxicosis 


Despite the creation of rating scales and scoring criteria, there are no 
universally accepted diagnostic criteria for NMS.*47°/°7! Although it is 
hypothesized that serum analysis of dopamine and serotonin metabolites can aid in 
differential diagnosis, other reports cite no clear relationship between NMS and 
serum antipsychotic levels.*’27/3 NMS remains a diagnosis of exclusion. 
Identification of the causative agent aids in the differential diagnosis. Correct 
diagnosis is essential, as chlorpromazine, a common treatment option for serotonin 
syndrome, may worsen signs and symptoms ina patient with NMS. 


RISK FACTORS 
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In a case-control study, higher neuroleptic dose, faster dose escalation, more 
intramuscular neuroleptic injections, and a greater degree of psychomotor agitation 
were found to be risk factors for NMS (Table 54-13).°”4 The incidence of NMS in 
patients with a high degree of psychomotor agitation may be over-reported due to 
increased likelihood of higher neuroleptic doses, rapid titration, and frequent 
intramuscular injections. Other reported risk factors for the development of NMS 
include use of multiple medications that reduce dopamine transmission, 
dehydration, concomitant infection, lithium use, exhaustion, pre-existing brain 
disorder (bipolar disease, delirium tremens, postoperative delirium, Alzheimer 
disease, and mental retardation), and catatonia, although many patients treated with 
neuroleptics may possess some of these factors.3°340347-390.395,362-364,375-379 Ty 
addition, there has been one report of NMS in a patient with bilateral subdural 
hematoma who had been stable on a neuroleptic agent for 10 years.*© It is clear 
that the use of drugs with higher potency, at higher doses, administration via the 
parenteral route, and history of a prior episode increase the risk for the 
development of NMS.749°36337341,346,362,374,380,381 There have been reports of NMS 
cases within families, indicating a possible genetic link, although this link has not 
been established conclusively. Over-expression of a specific dopamine D, receptor 


gene allele is believed to be related to decreased dopamine receptor function and 
dopaminergic activity. Involvement of the D, receptor may also explain why 


atypical antipsychotics appear to have a lower propensity to cause NMS.382-385 


Table 54-13 Risk Factors for Drug-Induced Neuroleptic 


Malignant Syndrome 





Drug-related 


Cotreatment with lithium 
* Faster dose escalation 
* Higher dose 
¢ Intramuscular route 
* Multiple dopamine antagonists 


Patient-related 


¢ Alzheimer disease 

* Bipolar disease 

* Catatonia 

* Dehydration 

¢ Exhaustion 

* Family history 

* Mental retardation 

* Psychomotor agitation 
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MORBIDITY AND MORTALITY 

If left untreated or mistreated because of misdiagnosis, NMS can result in very 
serious sequelae, including permanent disability, coma, and death.*8°78? Mortality 
has been reported to occur in 4—20% of patients as a consequence of NMS and 
results from progression of the clinical syndrome.?**7°73888 The resultant acute 
renal failure due to ischemia and rhabdomyolysis, respiratory failure, metabolic 
acidosis, and electrolyte imbalances may be irreversible and fatal. Venous 
thromboembolism (VTE) is a major risk for patients with NMS. Although the exact 
incidence is not known, patients are at higher risk for VTE due to a multitude of 
factors including immobility, hypovolemia, and increased activation of coagulation 
factors. Pulmonary embolism is the cause of death in 23% of patients.**? The rate of 
mortality has declined over time because of prompt recognition, discontinuation of 
the offending agent, supportive care, and drug therapy management and is now 
estimated to be about 10%.7>>*393/8 Patients with organic brain disease have a 
mortality as high as 38.5%. Multiple case reports suggest persistent neurologic 
functional declines following NMS in patients with underlying traumatic brain 
injury.°”? There is suggestion of reduced mortality with use of atypical compared to 
typical antipsychotics.°©?+!? 


PREVENTION 

Because NMS is an_ idiosyncratic reaction, avoidance is_ difficult. 
Recommendations for prevention are listed in Table 54-14. The lowest possible 
dose of neuroleptic drugs should be used to control patient behavior. Patients who 
are receiving high doses of parenteral neuroleptics or who are having the dose 
adjusted upward should be well hydrated and monitored for signs and symptoms. 
Patients with a history of NMS should optimally be treated with an alternative 
agent, such as a newer, atypical antipsychotic, a drug with lower potency, or a 
lower dose of the same agent, and treatment should not be initiated or reinitiated 
until at least 2 weeks after signs and symptoms have resolved.*?!°” 





Table 54-14 Approaches to Help Prevent Drug-Induced 


Neuroleptic Malignant Syndrome 





¢ Avoid lithium cotreatment 

* Ensure adequate hydration for patients undergoing active dose escalation 

* Rechallenge no sooner than 2 weeks after signs and symptoms have resolved 
* Titrate dose slowly 

¢ Use atypical neuroleptics 

* Use lowest dose of neuroleptic possible 
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Overall rates of NMS recurrence are 30-50% following reintroduction of 
dopamine antagonists.*>> One study reported the experience with rechallenge in 15 
patients with a prior NMS episode.*”! Ten patients were successfully rechallenged 
initially; four of five patients who were unsuccessfully rechallenged underwent a 
second rechallenge, which was successful in two cases. One of the patients who 
had a failure was rechallenged a third time, and on that occasion therapy with the 
neuroleptic drug was successfully initiated and maintained. Overall, neuroleptic 
agents were tolerated in 13 of the 15 patients with a prior history of NMS. The time 
from the resolution of signs and symptoms to the rechallenge attempt correlated 
significantly with success. Twelve of 13 rechallenges were successful if the 
rechallenge was attempted more than 2 weeks after the signs and symptoms of NMS 
had resolved, whereas six of seven that were attempted in less than 2 weeks were 
unsuccessful.*’! Similar results have been reported in other cases of attempted 
rechallenge.*”?>" Neither the specific neuroleptic agent used nor the dose was 
found to be a significant factor related to successful rechallenge; however, most 
rechallenges were attempted with lower-potency agents or lower doses of the same 
drug.°’! Others have noted that the use of lower-potency agents improves the 
success of rechallenge as well: 47% and 83% of patients had a relapse when given 
a drug of equal potency, but only 15% and 10% had a relapse when a lower- 
potency agent was used.*40°"4 Administration of an atypical neuroleptic (clozapine) 
was used successfully in a patient with three prior episodes of NMS associated 
with haloperidol, lithium, and molindone.’*’ There are other reports of successful 
atypical antipsychotic rechallenge in 16 of 20 patients who had NMS with atypical 
antipsychotics.**> Eleven of the patients were successfully rechallenged with the 
same agent without recurrence of symptoms. 


In a patient with a history of NMS, adequate hydration should be maintained, 
the lowest possible dose of neuroleptic should be used, and the dose should be 
titrated upward slowly. The use of the parenteral route, particularly depot 
intramuscular injections, should be avoided. Avoidance of concurrent lithium use 
may also reduce reoccurrence.*°> Electroconvulsive therapy, as opposed to drugs, 
should be considered in patients requiring management of an acute psychotic 
episode and a recent NMS diagnosis (especially of less than 2 weeks). 


MANAGEMENT 


Strategies for NMS management are presented in Table 54-15. In some cases, NMS 
is a self-limiting disease with signs and symptoms resolving as soon as 7—10 days 
after the causative drug is discontinued. Therapy should be initiated when rigidity, 
mental status, and autonomic changes are apparent and the temperature is >38°C. 
However, treatment may be initiated if a presumptive diagnosis of NMS is made 
prior to the onset of hyperthermia in the presence of other progressing signs and 
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symptoms. One review of published cases reported a mortality rate of 9.7% in 
patients who received drug therapy (dantrolene, bromocriptine, levodopa, 
amantadine) as compared with 21% in patients who did not receive any specific 


drug therapy intervention.*°° Use of dopamine agonists has also been shown to 
reverse symptoms faster than supportive care alone.*4/ 


Table 54-15 Management of Drug-Induced Neuroleptic 


Malignant Syndrome 


¢ Discontinue suspected agent 
* Cooling measures and other supportive care 
o Cooled intravenous fluids 
o Fluid and electrolyte replacement as needed 
o Ice water nasogastric lavage or bath 
o Surface cooling 
* Bromocriptine 2.5 mg orally 3 times daily up to 45 mg daily for up to 10 days after symptoms abate; then 
taper over 1 week 
« Amantadine 100-200 mg orally 2 times daily for up to 10 days after symptoms abate; then taper 
* Dantrolene 1—2.5 mg/kg intravenously 4 times daily until symptoms abate, then 1 mg/kg intravenously every 
4-6 hours until able to take orally; oral dosage 1-2 mg/kg 4 times daily for 10 days; then taper 
* Benzodiazepines 
o Lorazepam 2—4 mg intravenously or orally as needed for control of symptoms 
o Diazepam 5 mg intravenously or orally as needed for control of symptoms 
¢ Electroconvulsive therapy 





All medications that cause dopamine-depleting or antagonistic effects should be 
discontinued, particularly any antipsychotic agents that have been initiated recently, 
or for which the dose has recently been increased. Supportive measures include 
fluid, electrolyte, and acid—base management. Rapid cooling measures, including 
cooled intravenous solutions, surface cooling, ice bath, and ice water gastric 
lavage should be used for management of significant temperature elevation.**” 


Bromocriptine, amantadine, other dopamine agonists, and dantrolene have been 
used successfully in NMS management. Bromocriptine is considered the drug of 
initial choice. Doses of 2.5 mg 3 times daily, titrated to a maximum of 45 mg/day, 
should be administered orally for 10 days, although a longer duration of treatment 
may be required.2©776342:35°394-400 Treatment with bromocriptine should be 
continued until signs and symptoms resolve, after which the dose should be tapered 
gradually over 1 week.**’ Improvement in signs and symptoms is usually observed 
within 24-72 hours. Potential side effects of bromocriptine include the potential to 
worsen psychosis and cause significant hypotension and vomiting.*** 

Amantadine is a treatment alternative for NMS. The recommended dose is 100— 
200 mg orally twice daily and should be continued for 10 days after signs and 
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symptoms are controlled, after which the dose should be tapered to avoid rebound 
NMS. 252.401-404 


Dantrolene has been used successfully to treat NMS symptoms by relieving 
muscle rigidity and heat generation via inhibition of calcium release from the 
endoplasmic reticulum.7°!“°>-4"! Often patients are unable to take oral medications 
during NMS, necessitating use of the intravenous route. Dantrolene therapy is 
recommended if the temperature exceeds 40°C, rhabdomyolysis is suspected, 
cardiorespiratory or renal failure is imminent, and administration of dopamine 
agonists has not been successful.**? These patients have severe NMS and are at 
high risk of serious morbidity or death and require the most rigorous 
intervention.*”>*!* Dantrolene should be administered at a dose of 1-2.5 mg/kg 
intravenously 4 times daily until signs and symptoms have been adequately 
controlled or a cumulative dose of 10 mg/kg is reached. *°44!5 Maintenance therapy 
is | mg/kg infused every 4—6 hours to prevent reoccurrence. When the patient is 
able to take oral medications, dantrolene may be administered at a dose of 1-2 
mg/kg every 6 hours orally for another 10 days, and then the dose may be tapered. 
Intravenous dantrolene is a highly alkaline solution and can cause significant 
phlebitis. Dantrolene therapy is also associated with hepatotoxicity and should be 
avoided in patients with liver disease.***°° Although combination therapy of a 
dopamine agonist (bromocriptine or amantadine) plus dantrolene has not shown any 
proven advantage, it may be considered in refractory or extremely severe cases, as 
this approach offers treatment with drugs with different mechanisms of action.4°” 
411,414,415 

Although they successfully control some of the signs and symptoms of NMS, 
anticholinergic agents are not recommended because they inhibit heat dissipation 
and may worsen hyperthermia.*°°?/?4!44!5 Hyperthermia in NMS is not 
prostaglandin-mediated so there is no use for antipyretics such as NSAIDs, aspirin, 
or acetaminophen.**” If symptoms are severe and unable to be controlled, requiring 
intubation or paralysis, the use of a nondepolarizing neuromuscular blocker is 
preferred over a depolarizing agent. Pancuronium with concomitant diazepam 
administration was reported to be effective for cessation of muscle rigidity in a 
patient with NMS in whom treatment with anticholinergics failed but who was not 
treated with dantrolene.*!° Carbidopa—levodopa may also be effective because of 
its dopamine agonist properties.7!04!'4!’ Intravenous diazepam may be used to 
manage involuntary movements, fever, tachycardia, hypertension, muscle rigidity, 
tremor, and diaphoresis associated with NMS.*!*+!° Benzodiazepines may be 
useful as adjunct therapy for suspected catatonia and for treatment of agitation.*?” 
422 ECT may be considered for the treatment of NMS refractory to other therapies, 
although there are no prospective comparative studies.*7**° One retrospective 
review of NMS cases demonstrated a mortality rate of 10.3% in patients who 
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underwent ECT, as compared with 21% in patients who received no specific 
intervention, a difference that did not reach statistical significance.*?° ECT should 
be considered the therapy of choice in patients with suspected catatonia. 

Resolution of mental status changes, muscle rigidity, serum CK concentrations, 
acid-base abnormalities, and myoglobinuria should be closely monitored. 
Progression of these signs and symptoms requires more aggressive management. 
Monitoring parameters for patients with NMS are listed in Table 54-16. 


Table 54-16 Monitoring Parameters for Patients with Drug- 


Induced Neuroleptic Malignant Syndrome or Drug-Induced 
Serotonin Syndrome 





* Coagulation profile 

* Heart rate 

¢ Mental status 

* Muscle rigidity (NMS) 

* Myoclonus (SS) 

* Pulse oximetry 

* Respiratory rate 

¢ Serum creatinine and blood urea nitrogen concentrations 
¢ Serum creatine kinase concentrations (NMS) 
Serum electrolyte concentrations 
Temperature 

¢ Urine myoglobin concentrations 

¢ White cell count with differential 


NMS = neuroleptic malignant syndrome, SS = serotonin syndrome. 


With appropriate care, symptoms should resolve within 6-10 days of 
treatment.*°* Signs and symptoms may persist longer and may be more difficult to 
manage in patients who have received intramuscular (depot) antipsychotic agents, 
sometimes necessitating continued treatment for 2—3 weeks, although one case of 
NMS secondary to long-acting risperidone injection resolved in 10 days.*°>?/>®> 
A residual catatonic state has been described in several patients for 1—6 months 
after resolution of hyperthermic signs and symptoms.**’ Rigidity and mental status 
changes persisted in these patients for unknown reasons. 


INFORMATION FOR PATIENTS 


Patient education may be uniquely difficult in the patient population treated with 
neuroleptic agents. Despite the potential obstacles, patients and caregivers should 
be alerted to the signs and symptoms of NMS and instructed when to seek medical 
attention. Patients and caregivers should be instructed to call a healthcare 
professional or visit a healthcare facility in the event of sudden onset of muscle 
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rigidity, tachycardia, tachypnea, diaphoresis, or mental status changes. It is 
particularly important to stress to patients that medications should not be 
discontinued if signs and symptoms develop and to seek medical attention to ensure 
that a proper diagnosis is achieved. 


HYPERTHERMIA DUE TO SEROTONIN 


SYNDROME 


Serotonin syndrome is a potentially serious and occasionally fatal complication of 
therapy with drugs that cause an increase in serotonergic activity. Serotonergic 
neurons are associated with behavioral, motor, and thermoregulation.*°> Fever is 
one common component of the syndrome. With the significant increase in the 
number of patients treated with selective serotonin (5-hydroxytryptamine [5-HT]) 
reuptake inhibitors (SSRIs) and nonselective (serotonin-norepinephrine) reuptake 
inhibitors (SNRIs), it may be expected that the prevalence of this drug-induced 
disease will continue to increase. 





CAUSATIVE AGENTS 


Any drug that causes a direct or indirect increase in the effective serotonin 
concentration in the central nervous system has the potential to induce serotonin 
syndrome. Drugs that have been reported to cause serotonin syndrome are listed in 
Table 54-17.47!°3! Included are cases in which drugs were used in combination 
and the specific causative agent could not be conclusively determined. In addition, 
paroxetine and fluoxetine are inhibitors of the cytochrome P-450 2D6 enzyme and 
may increase serum concentrations of serotonergic metabolites when used in 
combination with trazadone and nefazadone; the combination should be used 
cautiously. Selective and nonselective SSRIs have been implicated in numerous 
case reports of serotonin syndrome, as have selective and nonselective monoamine 
oxidase inhibitors (MAOIs) alone and in combination with opioids. Linezolid has 
nonselective MAOI properties and has been reported to precipitate serotonin 
syndrome when combined with a serotonergic agent but also when used with a 
synthetic opioid analgesic without the presence of an SSRI.“ 


EPIDEMIOLOGY 


The incidence of serotonin syndrome is not known but may be as high as 14% in 
cases of SSRI overdose.>** Serotonin syndrome has also been reported following 
ingestion of a single therapeutic dose.**° However, the true incidence may be 
relatively low, considering the widespread use of medications, alone and in 
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combination, known to disrupt serotonin balance. One retrospective review 
examined the use of SSRIs and linezolid, a weak inhibitor of MAO, and found that 
3% of patients had a high likelihood of having experienced serotonin syndrome 
without definitive diagnosis.*© In another retrospective review of the records of 
262 hospitalized patients treated with meperidine, 10% were receiving 
concomitant SSRIs; serotonin syndrome did not develop in any of them.°* The 
sample size in this report was small, and the SSRI doses were not discussed. 
Although there is an increased awareness of the triggering factors for serotonin 
syndrome, the disease is still not commonly considered in patients presenting with 
suspicious signs and symptoms. SSRIs are being prescribed with increased 
frequency; however, there is declining use of MAOIs, resulting in an unknown net 
effect on the true incidence of this drug-induced disease. 


MECHANISMS 


Mechanisms by which drugs cause serotonin syndrome are presented in Table 54- 
18. Excessive serotonergic activity in the peripheral and central nervous system is 
responsible for serotonin syndrome.*** Fever in serotonin syndrome is due to a 
combination of neuromuscular effects combined with altered hypothalamic 
homeostasis.*°° Seven 5-HT receptor subtypes have been identified, and it is 
believed that 5-HT,, and 5-HT>, are involved specifically with the adverse 


sequelae encountered with serotonin syndrome.**>*° Although controversy exists 
regarding which of these two receptors is most responsible for the syndrome, it is 
likely that both of these receptor subtypes, and possibly others, are involved in the 
clinical manifestations of serotonin syndrome. The syndrome generally occurs after 
initiating therapy with, or increasing the dose of, a drug with one or more of the 
following actions: (1) inhibition of serotonin metabolism; (2) potentiation of 
serotonin activity; (3) direct activation of serotonin receptors; (4) inhibition of 
serotonin uptake; and (5) increase of substrate supply. Substrate supply may be 
increased through supplementation with over-the-counter products or consumption 
of foods such as wine or cheese known to have high levels of the serotonin 
precursor tryptophan.>’ Serotonin syndrome has been associated with single-drug 
therapy; however, because it is a dose-dependent phenomenon, combinations of 
drugs in particular are associated with the development of the syndrome. Both a 
combination of drugs that have a similar effect on serotonin as well as 
pharmacokinetic drug interactions, resulting in an increase at the serotonin receptor, 
can lead to excessive serotonergic effects.4’/*“?! There is much debate as to the 
potential for the antimigraine “triptan” class of drugs to trigger serotonin syndrome 
given their ability to act as 5-HT,, and 5-HT,p agonists.°**>? Serotonin syndrome 


may also be precipitated by the addition of other drugs that inhibit cytochrome 
P450 2D6 or 3A4, such as ritonavir, leading to an increased drug concentration in 
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an otherwise stable regimen. In one case, serotonin syndrome occurred in a patient 
taking a maintenance dose of sertraline after the addition of erythromycin.*”*>*4 
Some drugs inhibit the metabolism of SSRIs while some SSRIs inhibit cytochrome 
P450 2D6, which metabolizes other drugs with serotonergic effects such as 
dextromethorphan. In general, opioid analgesics are thought to inhibit the reuptake 
of serotonin, thereby increasing the risk of serotonin syndrome when combined with 
agents that have serotonergic activity. There may be other mechanisms involved, 
however, as serotonin syndrome has been reported with oxycodone and 
buprenorphine, which do not inhibit the reuptake of serotonin.4’”°!° Other 
neurotransmitters such as N-methyl-d-aspartate antagonists or GABA may play a 
role.>>/ 


Table 54-17 Agents Implicated in Drug-Induced Serotonin 
Syndrome 











Level of 
Drug Incidence Evidence* 
3,4-methylenedioxymethamphetamine (MDMA; C 
ecstasy)433-441,522 
Dexamphetamine432 NK C 
L-tryptophan43 1 NK C 
Levodopa442 NK C 
MAO INHIBITORS 
Isocarbazid443 444 NK C 
Linezolid457-469,524 NK C 
Methylene blueS25-527 C 
Moclobemide (reversible MAO inhibitor)435,450- |NK C 
Rasagiline5S23 NK C 
Selegiline445 NK 
Tranylcypromine446-449 NK C 
SNRIs 
Duloxetine468,478 K 
Milnacipran528 


Venlafaxine432,446,447,450,462,467, 495,500-510 |NK 





nw 


SSRIs 
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Citalopram432,456,457,470-472 NK C 
Escitalopram479 NK C 
Fluoxetine461 ,465,470,47 1,480-483 NK C 
Fluvoxamine478,484-487 NK C 
Paroxetine386,458,487-491 NK C 
Sertraline443,459,460,477,493-499 NK C 
Trazodone444,462,494,500 NK C 
Nefazadone472,483,488 NK C 
TCAs 
Amitriptyline504,505 NK C 
Clomipramine448,5 11 NK C 
Imipramine445 NK C 
Nortriptyline449 NK C 
Amantadine499,5 12 NK C 
Buprenorphine5 15 NK C 
Buspirone5 13,524 NK C 
Dextromethorphan472,489,5 14 NK C 
Fentanyl477,516 NK C 
Hypericum perforatum (St. John’s Wort)513,520,521 {NK C 
Lithium502,509 NK C 
Meperidine474,48 1,504,516 NK C 
Metaxalone529 NK C 
Oxycodone478 NK C 
Sibutramine5 16,517 NK C 
Tramado475,482,490,518,519 NK C 
Ziprasidone530,53 | NK C 
Metoclopramide + venlafaxine495 NK C 


MAO = monoamine oxidase, NK = not known, SNRI = serotonin norepinephrine reuptake inhibitor, SSRI = 
selective serotonin reuptake inhibitor, TCA = tricyclic antidepressant. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 
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Table 54-18 Mechanisms of Drug-Induced Serotonin Syndrome 


Drug 


3,4-methylenedioxymethamphetamine (MDMA; 
ecstasy) 


Dexamphetamine 


L-tryptophan 
Levodopa 
MAO INHIBITORS 


Isocarboxazid 


Linezolid 
Methylene blue 


Moclobemide (reversible MAO inhibitor) 


Rasagiline 
Selegiline 


Tranylcypromine 


SNRIs 
Duloxetine 
Milnacipran 
Venlafaxine 

SSRIs 
Citalopram 
Escitalopram 
Fluoxetine 
Fluvoxamine 
Paroxetine 
Sertraline 

Trazadone 

Nefazadone 

TCAs 
Amitriptyline 
Clomipramine 
Imipramine 
Nortriptyline 


Amantadine 


Mechanism 


Increase 5-HT synthesis or release 
Inhibit 5-HT reuptake 


Increase 5-HT synthesis or release 
Inhibit 5-HT reuptake 


Increase 5-HT synthesis or release 


Increase 5-HT synthesis or release 


Increase 5-HT synthesis or release 
Inhibit 5-HT metabolism 


Increase 5-HT synthesis or release 


Increase 5-HT synthesis or release 
Inhibit 5-HT metabolism 


Increase 5-HT synthesis or release 
Inhibit 5-HT metabolism 


Inhibit 5-HT metabolism 


Increase 5-HT synthesis or release 
Inhibit 5-HT metabolism 


Increase 5-HT synthesis or release 
Inhibit 5-HT metabolism 


Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 


Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 


Inhibit 5-HT reuptake 
Inhibit 5-HT reuptake 
Inhibit 5S-HT reuptake 
Inhibit 5S-HT reuptake 


Increase 5-HT synthesis or release 
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Buprenorphine Mechanism unknown 


Buspirone Postsynaptic receptor stimulation 
Dextromethorphan Inhibit 5-HT reuptake 
Fentanyl Inhibit 5-HT reuptake and/or other unknown 
Hypericum perforatum (St. John’s Wort) Inhibit 5-HT reuptake 

Inhibit 5-HT metabolism 
Lithium Postsynaptic receptor stimulation 
Meperidine Inhibit 5-HT reuptake and/or other unknown 
Metaxalone Increase 5-HT synthesis or release 
Oxycodone Inhibit 5-HT reuptake and/or other unknown 
Sibutramine Inhibit 5-HT reuptake and/or other unknown 
Tramadol Inhibit 5-HT reuptake and/or other unknown 
Ziprasidone Increase 5-HT synthesis or release 

Inhibit 5-HT metabolism 
Metoclopramide + venlafaxine Inhibit 5-HT reuptake 


5-HT = 5-hydroxytryptamine, MAO = monoamine oxidase, SNRI = serotonin norepinephrine reuptake inhibitor, 
SSRI = selective serotonin reuptake inhibitor, TCA = tricyclic antidepressant. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The onset of the signs and symptoms of serotonin syndrome may be almost 
immediate, with approximately 60% of cases presenting within 6 hours after the 
offending agent has been initiated, the dose increased, or the serum concentration 
increased by a drug—drug interaction. Serotonin syndrome manifests as a succession 
of signs and symptoms that progress rapidly over the course of hours and may be 
highly variable, making identification and diagnosis difficult. Serotonin syndrome 
is most appropriately thought of as a spectrum of diseases and has been classified 
into severity categories to aid in earlier or more accurate diagnosis.>*>40>4! Some 
of the signs and symptoms associated with milder forms of serotonin syndrome 
(tremor, confusion, incoordination) may be difficult to distinguish from the 
underlying illness.°°° The more severe symptoms of serotonin toxicity (temperature 
>38.5°C, myoclonus, diarrhea) are generally observed in overdose situations or 
when an MAOI or a serotonin-releasing agent is used in combination with an 
SSRI°35:542 


Signs and symptoms of serotonin syndrome are listed in Table 54-19 and may 
be divided into three categories for patient assessment: autonomic dysfunction 
(fever, shivering, diaphoresis, diarrhea, tachycardia, labile blood pressure); 
neuromuscular hyperactivity (clonus, myoclonus, hyper-reflexia, incoordination, 
tremor); and mental status changes (confusion, agitation, mania possibly 
progressing to hallucinations, obtundation, coma). Autonomic dysfunction and 
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mental status changes appear in 40% of patients. One half of patients show 
evidence of neuromuscular hyperactivity.°’>* 


Table 54-19 Signs and Symptoms Associated with Serotonin 


Syndrome 





¢ Autonomic dysfunction 
Diaphoresis 
Diarrhea 
Hyperthermia 
Labile blood pressure 
Shivering 
Tachycardia 
* Electrolyte abnormalities 
o Hypocalcemia 
o Hypomagnesemia 
o Hyponatremia 
* Elevated aspartate aminotransferase and alanine aminotransferase 
* Elevated creatine kinase 
¢ Leukocytosis 
¢ Mental status changes 
Agitation 
Coma 
Confusion 
Mania 
Obtundation 
euromuscular hyperactivity 
Clonus 
Hyper-reflexia (greater in lower extremities) 
Incoordination 
Myoclonus 
Tremor 
* Rhabdomyolysis and myoglobinuria 
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Sternbach’s original criteria for diagnosis of serotonin syndrome are the 
presence of at least three symptoms temporally related to a suspect medication; 
other causes have been ruled out; and a neuroleptic agent has not been started or 
dose increased prior to the onset of signs and symptoms (indicating possible 
NMS).*°> Problems with the Sternbach criteria may exist and include the weight of 
mental status changes in the criteria, causing patients with abnormal mental states to 
be misdiagnosed and a diagnosis of serotonin syndrome to be missed in patients 
with mild serotonin toxicity. Others have determined that serotonin syndrome may 
be misdiagnosed in patients with infection using Sternbach’s criteria.*” Because of 
this lack of sensitivity, diagnostic decision rules have been developed based on the 
evaluation of 2,222 cases of serotonin overdose reported to the Hunter Area 
Toxicology Service.°** These criteria are simpler and include primarily clonus, 
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agitation, diaphoresis, tremor, hyper-reflexia, hypertonia, and hyperthermia. The 
Hunter criteria have a sensitivity of 84% compared to 75% with the Sternbach 
criteria. The most important sign in the Hunter criteria is clonus and, if 
spontaneously present in a patient taking a serotonergic agent, is by itself adequate 
to make the diagnosis. It is important to note that the diagnostics decision rules 
were developed from data in patients with overdoses and have not yet been 
validated to be sensitive and specific for patients with serotonin syndrome at 
therapeutic doses of serotonergic agents. Fulminant cases of serotonin syndrome 
may progress to seizures, rhabdomyolysis, renal failure, and death. 


Other conditions to consider in the differential diagnosis of serotonin syndrome 
include infection, sepsis, heat stroke, drug or alcohol withdrawal, sympathomimetic 
overdose, thyrotoxicosis, anticholinergic fever, and NMS (Table 54-20). Although 
both NMS and serotonin syndrome may present with some common symptoms— 
including catatonia, tremors, rigidity, and hyperthermia—differences may aid in the 
diagnosis. Proper diagnosis is essential; bromocriptine is a treatment considered 
for NMS but should be strictly avoided in patients with serotonin syndrome 
because it may worsen the condition. The rigidity associated with serotonin 
syndrome may be less pronounced than that due to NMS and usually occurs in the 
lower extremities as compared with NMS (described as lead-pipe rigidity) and is 
not usually limited to the lower extremities. With NMS, the progression of signs 
and symptoms occurs over the course of days, and there may be a lower incidence 
of tremors, clonus, and myoclonus. There are usually no gastrointestinal symptoms; 
however, hyperthermia may be more common. Like NMS, no specific laboratory 
test exists to confirm a diagnosis of serotonin syndrome.** Serotonin 
concentrations at the synaptic cleft are responsible for toxicity and do not correlate 
with serum levels.*°° There is some evidence to support the use of urinary 5-HT 
concentrations as adjuncts to clinical decision making.-“* The most reliable method 
for appropriate diagnosis is an accurate medication history, including starting dates 
and doses of medications that increase serotonergic activity and specific 
information regarding dose escalation, if available. 


Table 54-20 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Serotonin Syndrome 


¢ Anticholinergic toxicity 

¢ Drug withdrawal (alcohol, benzodiazepines, levodopa) 
* Endocrine disorders 

* Heat stroke 

* Hematologic or solid organ malignancy 

* Infection 

* Neuroleptic malignant syndrome 

¢ Sepsis 

* Sympathomimetic overdose 

* Thyrotoxicosis 
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Table 54-21 Risk Factors for Drug-Induced Serotonin 


Syndrome 





Drug-related 


* Higher total daily dose 

¢ Higher-potency agents 

* Rapid dose escalation 

* Use of concomitant drugs that increase serotonin activity 


Patient-related 


* Endogenous or acquired defects in MAO activity 
* Female sex 

* Older age 

* Poor metabolizers of SSRIs 


MAO = monoamine oxidase, SSRI = selective serotonin reuptake inhibitor. 


RISK FACTORS 


No patient-specific risk factors for the development of serotonin syndrome have 
been definitively identified, although increased age and female sex may be 
predisposing factors (Table 54-21). In addition, risk factors may include 
endogenous or acquired defects in MAO activity that lead to impairment in SSRI 
metabolism, such as those occurring in patients with cardiovascular diseases 
(including hypertension and hyperlipidemia), liver disease, pulmonary disease, and 
in those who smoke cigarettes. Genetic variation in the ability to metabolize 
serotonergic drugs and activities of MAO isoenzymes may predispose patients to 
serotonin syndrome. Approximately 7% of individuals are poor metabolizers of 
SSRIs. This genetic predisposition may enhance a patient’s sensitivity to 
serotonergic agents and increase the propensity for the development of serotonin 
syndrome. 

Other potential risk factors for serotonin syndrome are drug-specific features 
including drug potency, total daily dose, rapid dose escalation, and use of 
concomitant agents that may increase serotonin activity or interact with 
serotonergic agents. 


MORBIDITY AND MORTALITY 


Most patients fully recover following discontinuation of the causative agent and 
implementation of supportive care; however, deaths have been reported due to 
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serotonin syndrome.**449°442445451457>!11 Deaths are reported more often in 


association with intentional overdose of SSRIs alone or in combination with an 
MAOL Mortality from serotonin syndrome ranges between 2-12%.**” Death from 
serotonin syndrome generally occurs secondary to multiple organ dysfunction, 
including rhabdomyolysis leading to renal failure, disseminated intravascular 
coagulopathy, adult respiratory distress syndrome, and cardiovascular collapse 
from muscular hyperactivity and hyperthermia. With prompt intervention, however, 
patients usually recover without long-term sequelae. 


PREVENTION 


Keys to the prevention of serotonin syndrome are careful initiation and dose 
escalation of SSRIs, in addition to appropriate patient education regarding drug- 
induced diseases, drug interactions, and recognition of signs and symptoms of 
toxicity (Table 54-22). SSRI therapy should be initiated at a low dosage and 
titrated upward slowly, particularly in elderly patients or those with impairment of 
liver or renal function. 


Table 54-22 Approaches to Help Prevent Drug-Induced 





Serotonin Syndrome 


¢ Adjust dose appropriately for elderly patients and those with hepatic dysfunction or chronic kidney disease 

* Be aware of drug interactions and avoid if possible 

* Carefully initiate and titrate serotonergic agents 

* Carefully switch from one serotonergic agent to another 

¢ Ensure adequate washout period when switching from MAOI to serotonergic agents or serotonergic agents 
to MAOI 


MAOI = monoamine oxidase inhibitor. 


Following discontinuation of the culprit drug, a washout period of at least 5—7 
days prior to initiating therapy with an MAOI or another SSRI is important; the 
duration should be determined based on the half-life of the active compound. A 
washout period of 5 weeks or longer may be necessary for SSRIs with very long 
half-lives or those with active metabolites such as fluoxetine, sertraline, and 
clomipramine. In addition, if delayed elimination is suspected in selected patients, 
a longer drug-free period is warranted. MAOIs inhibit the metabolism of SSRIs 
and, therefore, directly increase serotonin concentrations at the site of activity. 
MAOIs should be discontinued at least 4 weeks prior to starting therapy with an 
SSRI. Moclobemide, a reversible MAOI, requires a much shorter washout period 
because of its very short half-life; 24 hours may be sufficient. Concomitant use of 
agents that increase serum serotonin concentrations should be avoided.>*4 
Appropriate dose adjustments should be made in older patients and in those with 
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renal or hepatic impairment, in addition to closer monitoring of these patients for 
signs or symptoms of toxicity. 


MANAGEMENT 


Discontinuation of the offending agent is imperative, as is supportive care, which 
often results in resolution of signs and symptoms within 24 hours without additional 
pharmacotherapeutic intervention (Table 54-23). Fluid therapy should be 
implemented in patients in whom diaphoresis has been a significant clinical 
symptom, in addition to those requiring cooling augmentation. 


Although there are no clinical trials that have specifically evaluated the efficacy 
of any therapeutic intervention for serotonin syndrome, several drugs have 
anecdotally been reported to be successful. Cyproheptadine, a histamine! (H!) 
antagonist with nonselective anti-5-HT and anticholinergic properties, has been a 
successful treatment for serotonin syndrome. In some reports, cyproheptadine has 
not been found to alter the time course of serotonin syndrome but may relieve signs 
and symptoms.°*° Others have indicated that cyproheptadine can shorten the 
duration of some symptoms of serotonin syndrome, including tachycardia, tremor, 
neuromuscular features, and anxiety.*** The recommended dose of cyproheptadine 
for the management of serotonin syndrome is a loading dose of 12 mg followed by 
2 mg orally (or via nasogastric tube) every 2 hours until symptoms are controlled 
then 4-8 mg every 6 hours.*°> In children, 0.25 mg/kg/day has been administered. It 
has been suggested that these doses are lower than those required to adequately 
block the 5-HT,, receptors and that 30 mg is a more optimal dose in an adult, 


potentially explaining some reported treatment failures.°47>4* However, doses of 


12-32 mg are likely sufficient to bind 85—95% of serotonin receptors, and 
alternative treatment or diagnosis should be considered if there has been no 
response after 32 mg.*4’°° In most cases, the duration of therapy has been no 
longer than 48 hours, with many patients receiving only a single dose. 
Cyproheptadine should be avoided in patients in whom anticholinergic toxicity has 
not been ruled out. The drug may cause hypotension, and fluid therapy may be used, 
if necessary, for management. 


Table 54-23 Management of Drug-Induced Serotonin 


Syndrome 


¢ Discontinue suspected agent 

* Supportive care 
o Cooled fluids 
o Fluid replacement for patients with severe diaphoresis or rhabdomyolysis 
o Surface cooling 
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* Cyproheptadine 12-mg loading dose followed by 2 mg every 2 hours until symptoms are controlled; 4-8 mg 
every 6 hours for up to 48 hours for maintenance 

* Chlorpromazine 50-100 mg intramuscularly as a single dose, repeat dose every 6 hours if symptoms return; 
may be given orally if able 

¢ Lorazepam or diazepam may be added to the above therapy in refractory cases as needed to control signs 
and symptoms 

* Benzodiazepine, propofol, or dexmedetomidine infusions may be used for patients requiring sedation and 
mechanical ventilation 

¢ Neuromuscular blocking agents may be considered for patients with sustained myoclonus or severe 
hyperthermia 


Chlorpromazine has been used in the management of serotonin syndrome, 
although far less commonly than cyproheptadine and benzodiazepines.**’ In 
addition to having antimuscarinic effects, chlorpromazine inhibits dopamine, a- 
adrenergic, and 5-HT, receptors. Chlorpromazine is available as an injectable 


agent and, therefore, may be considered in more severe cases and in cases in which 
more prompt onset of the effect 1s desired. Chlorpromazine should not be used in 
patients with suspected NMS, because dopamine receptor inhibition could worsen 
the condition. Chlorpromazine should be considered in cases of cyproheptadine 
failure or in cases with a significant hyperpyrexial or behavioral manifestation. The 
suggested dose of chlorpromazine is 50-100 mg intramuscularly initially and then 
every 6 hours. The drug may be administered orally, intramuscularly, or 
intravenously.4?>47 Single-dose therapy has generally been effective, but the dose 
may be repeated if signs or symptoms return. Patients receiving chlorpromazine 
should be adequately hydrated, as it may cause hypotension due to a,-adrenergic 


receptor antagonism.>*’ Dantrolene has been used successfully in two cases but has 
also been theorized to increase serotonin levels and decrease metabolism. Routine 


use in serotonin syndrome is not recommended.*4?>>! 


Other therapies have been used as either adjunctive therapy or in cases of 
cyproheptadine failure. Benzodiazepines have been used in the treatment of 
serotonin syndrome and should be strongly considered in patients with anxiety or 
agitation. Single-dose therapy has been used, but multiple doses may be 
administered as needed for management of symptoms. Lorazepam and diazepam 
have been used alone and in combination with prochlorperazine and propranolol to 
control the symptoms of serotonin syndrome.*42499.49.>162052 Propranolol has 
also been used as monotherapy and is thought to possess some 5-HT,,-receptor 


blocking activity.°°8>2>3 Caution should be used when attempting to treat both 
hypertension or hypotension in this patient population as the blood pressure tends to 
be quite labile. Preference should be given to short-acting, titratable, agents. 
Antipsychotics, such as haloperidol, should be avoided for treatment of agitation as 
they possess anticholinergic activity and may worsen heat dissipation. Propofol has 
been used for serotonin syndrome as well. One case describes rapid resolution of 
tachycardia and neuromuscular tone and normalization of reflexes with the use of 
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propofol starting at 10 mcg/kg/min and titrated up to 30 mcg/kg/min in a patient 
with serotonin syndrome due to intentional dextromethorphan ingestion.*!* Signs 
and symptoms returned when the propofol was discontinued 2 hours after 
presentation but again resolved after propofol was restarted. The propofol infusion 
was continued for an additional 8 hours. Dexmedetomidine has also been used with 
success in serotonin syndrome.** Neuromuscular blockade may be considered for 
patients with severe serotonin syndrome who experience sustained myoclonus and 
hyperthermia >41.1°C.°°°4°7489 Up to 25% of patients may require intubation, 
sedation, and mechanical ventilation.*4’ Serotonin syndrome should be treated 
aggressively if symptoms are worsening and in overdose situations, as the disease 
may be fatal. Signs and symptoms must be monitored closely; Table 54-16 lists 
important monitoring parameters for patients with serotonin syndrome. 


INFORMATION FOR PATIENTS 


Patients should be instructed to notify healthcare professionals of all prescription 
and nonprescription medications and herbal products that they are taking. 
Healthcare providers should ensure that patients are aware of potential drug 
interactions, specific medications that should be avoided (such as nonprescription 
cough medications that contain dextromethorphan), and should instruct patients to 
ask a pharmacist if they have any questions regarding safe combinations of 
medications. Clinicians should encourage patients to follow the dosage regimen 
prescribed closely and accurately and not to increase any doses unless specifically 
instructed to by the prescriber. Patients should be aware of the signs and symptoms 
of serotonin syndrome and should be instructed about when to seek medical 
attention. Development of fever, shivering or diaphoresis, or myoclonus or any 
mental status changes should prompt patients or caregivers to contact a healthcare 
facility for further evaluation and treatment. 


MALIGNANT HYPERTHERMIA 


Malignant hyperthermia is a rare but serious idiosyncratic reaction observed 
primarily in association with the administration of inhaled anesthetics. 
Hyperthermia occurs quickly, 1s often severe, and may be associated with muscle 
weakness, increased muscular tone, and damage including rhabdomyolysis and 
metabolic acidosis. Early recognition and intervention are crucial in_ the 
management of this drug-induced disease. 


Table 54-24 Agents Implicated in Drug-Induced Malignant 





Hyperthermia 
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Level of 





Succinylcholine472,555-558,563,567, 599-604 N 


Drug Incidence Evidence* 
ANESTHETICS, INHALED NK C 
Desflurane555-563 NK C 
Enflurane540-566 NK C 
Halothane567-574 NK C 
Isoflurane575-589 NK C 
Methoxyflurane590 NK C 
Sevoflurane572,59 1-598 NK C 
DEPOLARIZING SKELETAL MUSCLE NK C 
RELAXANTS 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


CAUSATIVE AGENTS 


Drugs that have been reported to cause malignant hyperthermia are listed in Table 
54-24.°>°-° Tnhalational anesthetics, with the exception of nitrous oxide, and 
depolarizing neuromuscular blocking drugs (skeletal muscle relaxants) are the drug 
classes most frequently implicated in the development of malignant hyperthermia. 
The agents most commonly reported to cause malignant hyperthermia include 
halothane, enflurane, isoflurane, and succinylcholine. Succinylcholine may increase 
the risk, worsen the severity, and shorten the onset time of malignant hyperthermia 
when used in combination with inhaled anesthetics.*°*°°° Succinylcholine may also 
cause malignant hyperthermia independently. 


EPIDEMIOLOGY 


Malignant hyperthermia is a genetically linked, life-threatening condition that 1s 
observed in all ethnic groups and is more common in men than in women.>° On 
average, malignant hyperthermia may be observed with the third exposure to a 
triggering agent, although it 1s possible to occur with the first use in a susceptible 
patient. Malignant hyperthermia is more common in children under 15 years of age, 
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with an incidence of 1 in 8,000 to 1 in 15,000, as compared with an estimated 
incidence of 1 in 40,000 to 1 in 150,000 in adults.°°>-©°7 


MECHANISMS 


Heterogenic mutations in the ryanodine receptor (RYR/) and dihydropyridine 
receptor (CACNAIS) genes, and other mutations yet to be fully characterized, are 
involved in the etiology of malignant hyperthermia.“ The RYR1 receptor is a 
calcium channel located in the sarcoplasmic reticulum membrane. Disruptions in 
this channel lead to malignant hyperthermia susceptibility. Although not all of the 
genetic loci involved have been identified, it is known that malignant hyperthermia 
occurs because of a defect in the regulation of intracellular calcium metabolism, 
specifically the proteins involved in excitation-contraction coupling, the 
dihydropyridine—ryanodine receptor complex, such that the sarcoplasmic reticulum 
of skeletal muscle releases calcium inappropriately in response to an inducing 
drug.°°°-©!0 The increase in calcium concentration may lead to unregulated actin and 
myosin cross-bridging, resulting in sustained muscle contraction. This muscle 
rigidity results in increased oxygen consumption, hypoxia, excessive heat 
production and muscle damage, and the clinical presentation of malignant 
hyperthermia. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS. 


Although highly variable, the classic presentation of malignant hyperthermia 1s 
sudden, severe hyperthermia with muscle rigidity, metabolic acidosis, and 
rhabdomyolysis (Table 54-25). The onset of symptoms is very rapid, beginning 
within minutes to several hours after drug initiation and up to | hour after 
discontinuation.°!! Hyperthermia may be delayed and may occur after other 
symptoms (rigidity and tachycardia). Temperature may acutely increase in excess of 
1°C every 5 minutes up to maximum temperatures of 46°C or higher.%°-°!? With the 
more modern use of less potent inhalational agents, this course has been described 


to be more insidious or attenuated, with a delayed onset and slower clinical 


progression.°!3614 


Table 54-25 Signs and Symptoms Associated with Drug-Induced 





Malignant Hyperthermia 


¢ Muscle pain, weakness in jaw, chest, and extremities 
¢ Muscle contraction 
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¢ Initial signs 
Hyperthermia 
Increase in end-tidal carbon dioxide 
Masseter-muscle rigidity 
Metabolic acidosis 
Tachycardia 

igns as syndrome progresses 
Cardiac dysrhythmias 
Hyperkalemia, hypercalcemia, hyperphosphatemia 
Hypotension 
Metabolic and respiratory acidosis 
Pulmonary edema 
Rhabdomyolysis and renal failure 


e 
ooo oc OoOngwatoolcm8lhlm8D 


Early signs and symptoms of malignant hyperthermia may include masseter- 
muscle rigidity (particularly in children), tachycardia, and a sudden, dramatic 
increase in end-tidal carbon dioxide (ETCO,) to >55 mm Hg. The increase in 


ETCO, is a sensitive indicator of the disease but may be less dramatic and more 


gradual in patients who do not receive succinylcholine. Muscle pain, weakness, 
and increased tone in the jaw, chest, and extremities may occur and are often severe 
and refractory to therapy with neuromuscular blocking agents. Muscle contraction 
and subsequent muscle damage results in the release of CK and myoglobin, which 
may contribute to the development of rhabdomyolysis and renal failure. 


As the syndrome progresses, pulmonary edema, hypotension, heart failure, 
electrolyte abnormalities (hyperkalemia, hypercalcemia, hyperphosphatemia), 
metabolic and respiratory acidosis (pH <7.25 and partial pressure of CO, [paCO,| 
>60 mm Hg), and the resultant dysrhythmias may be observed. The paCO, may 
exceed 100 mm Hg and pH may decline to <7 in severe cases. A presumptive 
diagnosis is made based on signs and symptoms temporally related to the 
administration of inhalational anesthetics or succinylcholine. Definitive diagnosis 
of malignant hyperthermia requires the European in vitro contracture test (IVCT), 
or the modified caffeine halothane contracture test (CHCT) used in North America. 
These tests require a muscle biopsy, which is exposed to halothane or caffeine to 
determine the contracture threshold. The patient is diagnosed as being susceptible 
to malignant hyperthermia based on the threshold at which the muscle is reactive.°!> 
This test is not necessary as a confirmation of diagnosis for patients in whom the 
typical signs and symptoms have developed.°!°°!” Rather, optimal use of this test is 
as a screen for susceptible individuals (based on family history) prior to use of 
triggering agents. DNA testing is also an option for specific, at-risk individuals; 
guidelines for testing have been published.°!®°!? 

In addition, a clinical grading scale for malignant hyperthermia has been 
developed to aid in the diagnosis and for predicting susceptibility to this drug- 
induced disease.°? This scale was developed by an international panel of 
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malignant hyperthermia experts using anonymous polling and questionnaires to 
minimize bias and subjective influence. Clinical indicators were developed with 
points for each indicator as well as scoring rules. The clinical grading scale allows 
for objective determination of the likelihood of a malignant hyperthermia diagnosis 
and is an extremely valuable tool. Differential diagnosis includes hypoxia due to 
atelectasis, bronchial obstruction, sepsis, and pulmonary mechanical failure, 
although these conditions are not generally associated with the degree of 
temperature elevation that occurs in patients with malignant hyperthermia (Table 
54-26). 


Table 54-26 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Malignant Hyperthermia 


Atelectasis 
¢ Bronchial obstruction 
¢ Drug withdrawal (alcohol, benzodiazepines, levodopa) 
* Endocrine disorders 
¢ Heat stroke 
* Hematologic or solid organ malignancy 
* Infection 
¢ Pulmonary mechanical failure 
¢ Sepsis 


Table 54-27 Risk Factors for Drug-Induced Malignant 





ane rmia 


Eye, head, or neck surgeries 
¢ Family history of malignant hyperthermia 
* Male sex 
¢ Muscular dystrophies/diseases 
* Young age (<15 yr) 


RISK FACTORS 


Malignant hyperthermia is an idiosyncratic reaction and therefore is difficult to 
predict. However, because the disorder is genetically linked, patients with a family 
history of malignant hyperthermia are at significantly higher risk than those without 
a family history (Table 54-27). Younger patients, males, and those with central core 
disease tend to be predisposed to this drug-induced disease. The type of surgical 
procedure may also be associated with differences in incidence of malignant 
hyperthermia. Eye, head, neck, and musculoskeletal surgeries are associated with 


the highest risk.°°° Certain muscular diseases, including Duchenne muscular 








2242 


dystrophy, Becker’s muscular dystrophy, Wolf-Hirschhorn — syndrome, 
kyphoscoliosis, myotonic dystrophy, and others have been linked to a 
predisposition to malignant hyperthermia.°7!°~ 

Elevated resting serum CK concentrations have been used in the past as a 
means to try to identify patients at risk for malignant hyperthermia and research 
exploring the relationship between resting CK levels and malignant hyperthermia is 
ongoing.©*>*4 Currently, however, use of this screening method is not routinely 
recommended.°”> 


MORBIDITY AND MORTALITY 


In the past, mortality associated with malignant hyperthermia was high, exceeding 
60%.°7°.627 With early recognition and appropriate intervention, mortality has 
decreased substantially and currently may be as low as 7%.°78°° Early 
implementation of therapy with dantrolene and shorter duration of anesthesia (<30 
minutes) may be associated with enhanced survival (87%); patients who receive 
anesthesia for longer than 30 minutes have been found to have lower survival rates 
(43-61%).©! The prognosis has been found to be worse for men than for women 
for unknown reasons, although an increased muscle mass in men may be 
contributory.©°.606 

The risk of death has also been associated with the maximum temperature, the 
rate of rise of temperature, and the duration of hyperthermia.®*! Hyperthermia may 
cause agitation, confusion, disorientation, combativeness, lethargy, seizures, coma, 
and death. Rhabdomyolysis and disseminated intravascular coagulation may lead to 
acute tubular necrosis. Volume depletion, tissue injury, and hypoxia may lead to 
shock, organ dysfunction, and organ failure. Cardiac dysrhythmias, such as 
ventricular fibrillation due to hyperkalemia, may occur, are often difficult to treat, 
and may result in cardiac arrest and death.©23 


PREVENTION 


The key to the prevention of malignant hyperthermia is avoidance of the use of 
inhaled anesthetics and depolarizing neuromuscular blocking agents in patients with 
a personal history or a strong family history of the condition (Table 54-28) and 
flushing of the anesthesia machine prior to use in these individuals. Appropriate 
patient screening regarding family members with a history of malignant 
hyperthermia or death during surgery or general anesthesia should be performed. 
Patients at risk may be given the opportunity for an IVCT or CHCT to determine 
susceptibility to triggering agents. Drugs that have been used safely in susceptible 
patients (those with a history of malignant hyperthermia or those with a strong 
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family history) include nitrous oxide, bupivacaine, barbiturates, opiates, propofol, 


and nondepolarizing muscle relaxants.°??°*4°> 


Table 54-28 Approaches to Help Prevent Drug- Induced 





een Hyperthermia 


Avoid use of triggering agents, if possible, in selected patients 
* Carefully screen patient and family members prior to use of anesthesia 
* Use genetic testing in specifically targeted patients 
* Use in vitro contracture test in appropriate patients 
¢ Use medical alerting devices in patients with a history of malignant hyperthermia or who are at high risk 
* Use nitrous oxide, bupivacaine, barbiturates, opiates and nondepolarizing skeletal muscle relaxants 


It has been suggested that prophylaxis with oral dantrolene may be effective for 
the prevention of malignant hyperthermia in susceptible individuals, although no 
data from randomized, controlled trials are available.°°°°? In one study, oral 
dantrolene was administered at a dose of 5 mg/kg in three or four divided doses 
with the last dose administered 4 hours preoperatively to 10 patients who were 
susceptible to malignant hyperthermia.’ None of the patients experienced 
malignant hyperthermia, but some experienced drowsiness and weakness due to 
dantrolene administration.°°° Malignant hyperthermia has also been prevented via 
the administration of dantrolene 100 mg 4 times daily for 3 days before surgery and 
100 mg on the day of surgery.°°® Two cases of malignant hyperthermia despite oral 
dantrolene administration have been reported, although in these cases the 
administered doses were lower than recommended.™®-*! Dantrolene prophylaxis is 
not expected to be completely successful and may cause significant muscle 
weakness resulting in temporary disability, a factor that should be considered in the 
decision about whether to attempt prophylaxis.°°?/7% Several cases have been 
reported in which patients were successfully anesthetized without prophylactic 
administration of dantrolene when triggering agents were not used and patients 
were monitored very closely.“ Currently, the use of dantrolene prophylaxis in 
susceptible patients is not recommended because the risk of malignant hyperthermia 
when triggering agents are avoided is low and because of the potential adverse 
effects associated with dantrolene. 


MANAGEMENT 


Early recognition and intervention is crucial. All suspected medications must be 
immediately discontinued, the surgical procedure stopped as soon as feasible, and 
the patient removed from the anesthesia machine and hyperventilated with 100% 
oxygen (Table 54-29). Ongoing anesthesia can be provided using intravenous 
anesthetics, opioids and nondepolarizing muscle relaxants. Control of fever, 
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acidosis, hypermetabolism, and hypercarbia is imperative. Administration of 
intravenous fluids will aid in the prevention of acute tubular necrosis and metabolic 
acidosis from the hypermetabolic state and in maintaining cardiac output. 
Hypercarbia and hypoxemia should be treated with aggressive oxygen management 
and hyperventilation. Rapid cooling measures such as cooling blankets, ice packs, 
ice water gastric lavage, and intravenous fluids should be implemented. Shivering 
may occur from rapid temperature decrease and should be treated with 
chlorpromazine, opioids, benzodiazepines, and when necessary, paralysis with 
mechanical ventilation for severe, refractory shivering to control oxygen utilization. 
In addition to fluid resuscitation and electrolyte and acid—base management, 
patients may require treatment with procainamide, amiodarone, or B-blockers to 
control tachydysrhythmias that may develop. Calcium channel blockers should not 
be used due to a potential for hyperkalemia in association with dantrolene 
administration. 


Table 54-29 Management of Drug-Induced Malignant 


Hyperthermia 


Discontinue suspected agent 
* Cooling measures and other supportive care 
o Cooled intravenous fluids 
o Ice water nasogastric or rectal lavage 
o Surface cooling 
¢ Fluid and electrolyte replacement as needed 
* Continuous ventilatory management 
¢ Dantrolene 2.5 mg/kg intravenously as needed to control signs and symptoms (up to 10 mg/kg; doses up to 
30 mg/kg may be used in severe, refractory cases) 
* Nondepolarizing neuromuscular blocking drugs, benzodiazepines, chlorpromazine as needed for refractory 
shivering or rigidity 





Dantrolene is a specific ryanodine receptor antagonist that inhibits calcium 
release from the endoplasmic reticulum, which dramatically alters the course of 
malignant hyperthermia. In one study of 11 patients with malignant hyperthermia to 
whom dantrolene was administered, 100% of patients survived.“* In one 
retrospective medical record review, the mortality rate was 8.9% in 79 patients 
who received intravenous dantrolene prior to cardiac arrest, as compared to a 
mortality rate of 25.4% in 375 patients who did not receive dantrolene—a 16.6% 
absolute reduction in mortality.~! Rapid dantrolene administration after recognition 
of the syndrome is critical, as a favorable outcome is related to a shorter elapsed 
time from symptom onset to time of drug administration. Dantrolene should be 
administered as an intravenous dose of 2—2.5 mg/kg initially, repeated as necessary 
up to 10 mg/kg until signs and symptoms begin to abate, which is expected to occur 
within minutes of dantrolene administration. Higher doses of up to 30 mg/kg may be 
administered in severe, refractory cases although reaching these higher doses 
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without improvement suggests the diagnosis of malignant hyperthermia should be 
reassessed. 


Two formulations of dantrolene are currently available, a 20-mg vial and a 
250-mg vial. Both preparations require reconstitution with sterile water for 
injection; no other diluent is recommended. The 20-mg vial requires 60 mL of 
sterile water and shaking until a clear solution is achieved, and the 250-mg vial 
requires 5 mL of sterile water and will result in an orange suspension. Both are to 
be administered via intravenous push for emergency management of malignant 
hyperthermia. It should be noted that the 250-mg vial is currently more costly but 
may be more convenient in the critical setting of malignant hyperthermia because 
only one vial and 5 mL of sterile water are needed compared to 10-12 vials of the 
20-mg per vial and 60 mL sterile water for each vial. The currently recommended 
initial doses are higher than those that were recommended previously (1 mg/kg) 
because of diminished circulation in patients with malignant hyperthermia and so a 
more aggressive approach is warranted.>°?° The duration of treatment in the cases 
reported has varied considerably, from single-dose therapy to multiple days of 
therapy. 

After the patient has stabilized, dantrolene may be administered orally at a dose 
of 50-300 mg per day in divided doses or 1—2 mg/kg 4 times daily for several days 
(at least 36 hours) to prevent recurrence.’ Dantrolene has been used successfully 
and safely in pregnant patients who are susceptible to malignant hyperthermia and 
are undergoing caesarean section.™*°> Dantrolene may cause dizziness, diplopia, 
dysarthria, a sensation of swelling of the eyes and tongue, and subjective (but not 
objective) weakness.°°*?!43 Patients have been successfully managed without the 
use of dantrolene with only supportive and cooling therapies but this approach is 
not recommended.®!46657 

Close monitoring for improvement of signs and symptoms as well as any signs 
of recurrence is important for a successful outcome in patients with malignant 
hyperthermia. Appropriate monitoring parameters are listed in Table 54-30. 
Patients who may be susceptible but are not given triggering agents can be safely 
monitored with the standard procedures used for nonsusceptible patients.8 


Table 54-30 Monitoring Parameters for Patients with Drug- 


Induced Malignant Hyperthermia 





¢ Blood gases 

* Coagulation profile 

* Continuous cardiac rhythm 

* Continuous central temperature 
¢ End-tidal carbon dioxide 

¢ Heart rate 

* Mental status 
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* Metabolic panel including serum carbon dioxide concentration 
* Muscle rigidity 

* Pulse oximetry 

* Respiratory rate 

¢ Serum creatinine and blood urea nitrogen concentrations 

¢ Serum creatine kinase concentrations 

* Serum electrolyte concentrations 

¢ Urine myoglobin concentrations 


INFORMATION FOR PATIENTS 


Patients should be questioned regarding a history of malignant hyperthermia or a 
problem with anesthesia and should be instructed to alert all healthcare 
professionals of this risk. In addition, family members of patients with a prior 
episode should be made aware of their potential risk. Patients at risk should be 
given the opportunity for an IVCT to determine susceptibility to triggering agents. 
Various options for anesthesia, as well as the risks and benefits of those options in 
addition to prophylaxis with dantrolene, should be discussed with patients at risk 
prior to any surgery. A medical alerting device is recommended for those with a 
history of malignant hyperthermia or who have a significant family history and 
positive IVCT in the event that emergency surgery is needed. Finally, patients 
should be offered the opportunity to register with the Malignant Hyperthermia 
Association of the United States (MHAUS) by calling 1-800-MH-HYPER (1-800- 
644-9737) or visiting the website at www.mhaus.org. The website provides patient 
and healthcare professional information in addition to resources for susceptibility 
testing, hotline contact information, and for obtaining an Emergency Medical 
Identification Card. 


HYPOTHERMIA 


Drug-induced hypothermia occurs much less frequently than hyperthermia. 
Hypothermia can be defined as a core body temperature <35°C.°”? Although drug- 
induced hypothermia can occur with certain prescription drugs, it is most 
commonly associated with illicit drug use. 


CAUSATIVE AGENTS 


Baclofen, GHB, and gamma-butyrolactone (GBL), is converted to GHB after 
ingestion, are structurally related to GABA and may cause hypothermia in 
overdose.°-©°” GHB is best known as the “date rape” drug but is also contained 
within body-building supplements and marketed for recreational purposes. GBL 1s 
found in industrial and household solvents and other products, including dietary 
supplements marketed for sleep and for enhancing sexual and athletic performance. 
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Although the U.S. Food and Drug Administration requested a voluntary recall of 
GBL-containing products in 1999, it may still be available via the Internet in 
products labeled as dietary supplements listed as “dihydro-2(3H)-furanone,” “4- 
butanolide,” _“2(3H)-furanone, dihydro,” ‘“tetrahydro-2-furanone,” and 
“butyrolactone gamma.” Street names for both GHB and GBL are listed in Table 
54-31. Drugs associated with hypothermia are listed in Table 54-32.90-667.06-679 Jt 
has been suggested that antipsychotics can cause hypothermia but clear data to 
substantiate the claim are lacking.°°® Additional data continue to emerge indicating 
hypothermia related to antipsychotics to be a true effect, although not well 
understood.%©?.670.6/4-677.679 Atypical antipsychotics account for 55% of the cases of 
reported drug-induced hypothermia.’ Reports also exist of patients experiencing 
hypothermia following general anesthesia secondary to vasodilation, impaired 
shivering, and cool operating rooms.®8° Additional reports implicate intrathecal 
morphine and some benzodiazepines as potential culprits.©?°:671:673.678 


Table 54-31 Street Names for Gamma-Hydroxybutyrate and 


Gamma-Butyrolactone 





Gamma-hydroxybutyrate (GHB) 
* Bedtime Scoop 

* Cherry Meth 

* Easy Lay 

* Fantasy 

° “G 

* Gyuice 

* GBH 

* Griffic 

* Gamma Oh 

* Gamma Ten 

¢ Georgia Home Boy 

* Gook 

¢ Great Hormones at Bedtime 
* Grievous Bodily Harm 
° Jib 

¢ Liquid E 

* Liquid Ecstasy 

° Liquid G 

° Liquid X 

* Organic Quaalude 

° Salty Water 

* Scoop 

* Sleep 

* Sleep-500 

* Soap 

* Somatomax 

* Vita G 
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Gamma-butyrolactone (GBL) 


Blue Nitro 
* Blue Nitro Vitality 
¢ Fire Water 
¢ GH Revitalizer 
* Gamma G 
* Re-energize 
* Remforce 
* RenewTrient 
* Revivarant 
¢ Revivarant G 


EPIDEMIOLOGY 


The incidence of drug-induced hypothermia is unknown. With regard to 
hypothermia related to antipsychotic use, a 2007 article analyzing the World Health 
Organization international database found 480 cases of antipsychotic-related 
hypothermia. Oral risperidone was the most common agent associated, with 27% of 


cases, and clozapine second, with 14%, 668 


MECHANISMS 


Temperature balance occurs via the anterior hypothalamus, with stimulation and 
inhibition from a variety of neurotransmitters in a complex process. Dopamine and 
serotonin receptors are involved in thermoregulatory balance. Although both D, 
and D, receptor subtypes are involved in temperature regulation, the more 
prominent effect of dopamine receptor stimulation is lowering of temperature, and 
the more prominent effect of dopamine receptor antagonism is that of elevating 
temperature. Cannabinoid and opioid-induced hypothermia is mediated via 
dopaminergic pathways. In addition, opioids may decrease body temperature 
through agonism of opiate receptors in the hypothalamus and vasodilation. A 
relative increase in serotonin concentrations increases temperature. GABA and 
baclofen inhibit the release of excitatory neurotransmitters, including serotonin and 
dopamine, resulting in a net effect of hypothermia. 


Table 54-32 Agents Implicated in Drug-Induced Hypothermia 


Level of 
Evidence* 











Incidence 






Baclofen663 






Cannabinoids666 





Chlorpromazine669,670 NK C 
Clobazam671 C 
Clozapine659,668,670 NK C 
Diazepam672,673 NK C 
Gamma-butyrolactone (GBL)666 NK C 
Gamma-hydroxybutyrate (GHB)660-662,664,667 NK C 
Haloperidol674,675 C 
Olanzapine676,677 NK C 
Opioids666,678 NK C 
Promethazine670 NK C 
Risperidone668,679 C 
Thioridazine675 C 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


Antipsychotic-induced hypothermia is poorly understood. Although 
dopaminergic and serotonergic antagonism would seemingly lead to hyperthermia 
as in NMS, these agents have been implicated on multiple accounts to cause 
hypothermia. Due to the propensity of atypical antipsychotic agents to produce 
more hypothermia than typical agents, it is proposed that there is some component 
mediated by serotonin because atypical agents have stronger 5-HT, antagonism.°* 


Additional theories suggest that agents such as chlorpromazine, clozapine, 
promethazine, and risperidone lower body temperature through alpha sympatholytic 
impairment of skin vessel vasoconstriction thus increasing heat dissipation.°” 
Impaired vasoconstriction has also been hypothesized for some benzodiazepine- 
mediated cases.°”? Antipsychotic agents may also indirectly create temperature 
disturbances by altering the behavioral response to environmental temperature 
changes. The intricacy in the balance of factors is not fully understood, 
highlighted by the ability of the same antipsychotic being capable of producing both 
hyperthermia and hypothermia. Antipyretic agents such as acetaminophen, aspirin, 
and other nonsteroidal anti-inflammatory drugs decrease temperature in febrile 
patients in whom the thermoregulatory set point has been raised. However, these 
drugs have no effect on temperature in afebrile patients. 
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CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Drug-induced effects other than hypothermia associated with overdose of these 
agents are generally more clinically significant (Table 54-33). In one series of 
cases of intentional baclofen overdose, it was reported that six of eight patients 
were hypothermic (temperature <35.5°C).%° Other clinical signs included 
bradycardia, hypertension, hyporeflexia, apnea requiring intubation, and coma. Two 
patients experienced seizures. Hypertension and seizures were managed, and 
patients were treated for the possibility of co-ingestion of other drugs. Otherwise, 
treatment was supportive. All patients recovered without permanent sequelae 
within 5 days of ingestion. 

Seventy cases of GHB overdose in which body temperature was reported have 
been reviewed. The mean (+SD) initial temperature was 35.8 + 1.1°C (range, 
32-39); 48 patients had an initial temperature of <36°C, and 22 had an initial 
temperature of <35°C. Alcohol or other drugs were usually co-ingested, impairing 
detection of specific drug-induced signs and symptoms. In addition to hypothermia, 
commonly reported clinical signs and symptoms of GHB and GBL ingestion include 
hypotension, respiratory depression, central nervous system depression, 
bradycardia, nausea, vomiting, combativeness, and tremors or twitching. Co- 
ingestion of other substances must be strongly considered in the differential 
diagnosis as well as hypothyroidism. 





Table 54-33 Signs and Symptoms of Drug-Induced 
Hypothermia 


Bradycardia 
° Chills 
* Combativeness 
* Decreased motivation 
¢ Hyporeflexia 
* Hypotension 
* Hypothermia 
¢ Nausea 
* Personal neglect 
* Respiratory depression 
* Tremors or twitching 
* Vomiting 
* Weight loss 


Patients with hypothermia secondary to antipsychotic use may present with 
nonspecific symptoms similar to those of their underlying disease, such as 


decreased motivation, poor personal hygiene, hostility, weight loss, and possibly 
chills .959:674:676 
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RISK FACTORS 


There are no known risk factors for the development of drug-induced hypothermia 
related to illicit drugs. Based on the cases reported, the disease appears to be dose- 
related, and therefore individuals taking these products and drugs in larger 
quantities or more frequently may be at higher risk. Organic brain disease such as 
mental retardation and epilepsy appear to place patients treated with antipsychotic 
agents at higher risk for hypothermia.°*! Patients with schizophrenia have also been 
shown to display impaired thermoregulation at baseline without medication. Levels 
of the thermoregulatory peptide neurotensin are decreased in the cerebral spinal 
fluid of these patients but increase to normal levels with antipsychotic 
treatment. Tt is unclear whether a diagnosis of schizophrenia would place a 
patient at higher risk for drug-induced hypothermia. Patients also appear to be at 
higher risk for hypothermia during the first few days following the initiation of a 
new antipsychotic regimen or dosage increase.°*4 


MORBIDITY AND MORTALITY 


Most patients with drug-induced hypothermia recover without permanent sequelae. 
However, severe symptoms have developed in some, including seizures, apnea, and 
coma.°-6> In summaries of reported GBL overdose cases (41 patients) and GHB 
cases at a single facility (88 patients), no deaths were reported.©.%% Most patients 
fully recover without significant intervention within hours of ingestion. Deaths have 
rarely been reported in other cases of sole GHB ingestion.°>°’ Most cases of 
antipsychotic-induced hypothermia resolve within 24—36 hours.°”! 


PREVENTION 


The key to prevention of illicit drug-induced hypothermia is avoidance of the use of 
these drugs. Tighter control of the contents of products available over the Internet 
and patient awareness are advisable. Because baclofen is often used in children 
and adolescents, secured storage may help reduce the occurrence of hypothermia 
due to overdose of this drug. There is no clear way to reduce the risk of 
antipsychotic-induced hypothermia. Atypical agents appear to have a higher 
incidence of hypothermia but have a better safety profile in general compared to 
typical agents. 


MANAGEMENT 
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Drug-induced hypothermia secondary to ingestion of these drugs 1s generally mild 
and does not require specific intervention apart from cessation of the offending 
substance. If hypothermia is secondary to antipsychotic use and continued therapy is 
needed, reinitiation at a lower dose or an alternative agent is recommended.®’!.°”4 
In one rare case of persistent hypothermia following intrathecal morphine 
administration, temperature normalized following a single oral dose of lorazepam. 
Other causes of hypothermia should be evaluated and treated, if applicable. 
Although warming patients is usually not necessary, if hypothermia is severe or if 
large amounts of fluids are to be administered, blankets and warmed fluid 
replacement to prevent further body cooling may be used. Supportive measures 
should be implemented, including intubation and mechanical ventilation (in patients 
with severe respiratory depression or for airway protection) as well as cardiac 
monitoring for arrhythmias. Concomitant management of known or suspected co- 
ingestants is imperative; toxicology screens should be performed and blood alcohol 
concentrations should be determined. 


INFORMATION FOR PATIENTS 


Patient information should include warnings about the use of illicit drugs, 
particularly those that may be available through the Internet, health facilities, and 
other sources with the potential for hidden ingredients. Patients who are 
hospitalized because of illicit drug use should receive drug counseling prior to 
discharge and be offered information regarding treatment programs. Patients or 
caregivers of those receiving antipsychotic therapy should notify healthcare 
providers in the event of declining mental status or motivation. Patients should also 
maintain an accurate history of any adverse drug events in their health history and 
offer this information to healthcare providers. 
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CHAPTER 55 


Ototoxicity 


Monica L. Miller 


Ototoxicity is a broad term defining toxicity induced by certain drugs or chemicals 
that affect the cochlea, vestibular cells, or the acoustic nerve.!3 Damage to these 
structures can lead to a sensorineural hearing loss.* This type of hearing loss can be 
associated with aging as well as medications.* Symptoms associated with 
ototoxicity include hearing loss, tinnitus, hyperacusis, and vertigo.” Hearing loss 
can range from partial to complete and may occur in one or both ears. Tinnitus is 


defined as hearing a sound without a source.° Hyperacusis is defined as auditory 
acuity that may be associated with painful sensitivity or sounds that are “normal 
volume” that are so loud they are painful.’ Vertigo is a symptom defined as 
illusionary movement where patients may feel as if they or surrounding objects are 
moving when in actuality, both are stationary.° Patients with tinnitus often report 
hearing buzzing, ringing, or hissing sounds. Vertigo and tinnitus, like hearing loss, 
range in severity. 


CAUSATIVE AGENTS 
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Drugs that have been reported to cause ototoxicity are listed in Table 55-1.!%742 
Common drug classes associated with auditory toxicity include aminoglycosides, 
diuretics, nonsteroidal anti-inflammatory drugs (NSAIDs), and platinum-based 
chemotherapeutic agents. Otic administration of aminoglycoside antibiotics is not 
generally associated with ototoxicity except in patients with a perforated tympanic 
membrane.* 

The data regarding the ototoxic potential of vancomycin are mixed. In the past, 
early formulations had impurities that may have caused ototoxicity and could have 
accounted for a higher reported incidence.*“?* Further, vancomycin and 
aminoglycosides have frequently been administered concomitantly to patients with 
serious infections.2“?* Today, reports of vancomycin ototoxicity are rare, except 
when patients have other risk factors.**? A study of patients receiving only 
vancomycin revealed a mild, reversible hearing loss in 3% of patients.”° 

Opioids and opiates have also been reported to cause ototoxicity, principally 
sensorineural hearing loss that can either be reversible or permanent.*:!74:246 
Methadone is the most commonly implicated, but there are also reports of 
ototoxicity with codeine—acetaminophen, hydrocodone—acetaminophen, morphine, 
oxymorphone, and propoxyphene.*!°*° Ototoxicity has been associated with both 
acute and chronic use of these medications. Methadone, in particular, has been 
associated with bilateral sensorineural hearing loss. In most cases, ototoxicity 
resolved after discontinuation of the drug, although one report noted persistent 
hearing loss 9 months later.*74°748 There are several case reports of heroin- 
induced ototoxicity leading to reversible or permanent hearing loss.74?-?>! 


Table 55-1 Agents Implicated in Drug-Induced Ototoxicity!8- 
242 
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Aminocaproic acid18,c 


Aminophylline 19,20,b 


nw 


Level of 
Drug Incidence Evidence* 
Acetaminophen10,d 
Acetazolamide9,c 
Alfuzosin hydrochloride 11,b 


QQ} BW] wy] wy) WD] BW} ala 


Z 
nw 


2207 


Amiodarone 17,b 
Amitriptyline? 1,22,c,d 
Amlodipine23,b 
Amphotericin B24,d 
Ampicillin25,d 
Aripiprazole26,b 
Aspirin27-30,b,d 


Atazanavir3 1,b 
Atropine32,d 
Azithromycin! ,33-36,d 
Aztreonam37,d 
Bacitracin38,c 
Bleomycin39,d 
Bromocriptine40,b 
Bumetanide41,b,c 
Bupivacaine42,c 
Bupropion43,44,d 
Candesartan cilexetil45,b 
Capreomycin46,d 
Captopril47,b 
Carbamazepine48,c,d 
Carboplatin49-52,d 
Carvediolol53,b 
Chloramphenicol55,d 
Chlorhexidine56,d 
Chloroquine57,c,d 
Chlorthalidone58,c 
Ciclopirox54,d 
Cidofovir59,d 
Ciprofloxacin60,b 
Cisplatin61-66,d 
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Clarithromycin67,68,c 
Clindamycin69,d 
Clonazepam70,b 
Codeine9,d 
Cycloserine71,b 
Cyclosporine72,d 
Cytarabine73,b 
Danazol74,d 
Dantrolene75,b 
Dapsone76,c 
Deferoxamine77,78,c,d 
Desipramine79,c 
Diazepam80,b,c,d 
Diclofenac82,b,c 
Didanosine83,d 
Diflunisal84,c 
Diltiazem85,b 
Donepezil86,b 
Doxepin87,c 
Doxycycline88,b 
Efavirenz89,90,d 
Enalapril9 1,92,d 
Enalaprilat92,d 
Erlotinib93,d 
Erythromycin35,94,95,b,c,d 
Ethacrynic acid96,b,c 
Ethionamide97,d 
Etidronate98,99,c,d 
Etodolac82,c 
Famotidine 100,b,c 
Fenofibrate 101,b 


Fenoprofen82,c 
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Flecainide102,c 
Fludarabine 103,d 
Fluoxetine 104,b 


Furosemide96,105,106,b,c 


Gentamicin107-120,d 
Glycerin121,d 

Hepatitis B vaccine 122,d 
Hyaluronidase 128,b 
Hydrochlorothiazidec,d 
Hydrocodone—acetaminophen123,124,d 
Hydroxychloroquine 125-127,d 
Ibuprofen82,b,c 
Ifosfamide 129,d 
Imipramine 130,c 
Indomethacin82,b,c 
Interferon131,132,c,d 
Irbesartan133,b 

Isoniazid 134,b,c 
Isotretinoin] 35,c,d 
Itraconazole 136,b 
Kanamycin137,d 
Ketoconazole 138,c 
Ketoprofen82,c 
Ketorolac 139,d 
Lacosamide 140,b 
Lamivudine 141,142,d 
Lamotrigine 143,144,b 
Leflunomide 145,c 
Lidocaine146,c 
Lisinopril 47,b 


Lithium 148,c 


3% 
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Lorazepam81,b,c,d 
Lovastatin149,b 
Mannitoll50,d 
Mefenamic acid151,b,c,d 
Mefloquine 152,c,d 
Methylergonovine 153,b,c 
Metronidazole 154,d 
Minocycline155,156,b 
Minoxidill 57,d 
Mirtazapmne 158,c,d 
Misoprostol159,b,c,d 


Moxifloxacin160,d 





Muromonab-CD3161,d 
Nabumetone 162,b 
Naproxen163,d 
Neomycin164,d 
Nicardipine85,165,b,c 
Nicotine 166,b 
Nifedipme85,165,b,c 
Nimodipine85,165,c 
Nitroprusside 167,168,d 


Norfloxacin169,c,d 





Nortriptyline80,c 
Omeprazole 170,c 
Oxaprozin171,c,d 
Oxcarbazepine 172,b 
Oxymorphone 173,d 
Paclitaxell74,d 
Pamidronate99,b,c,d 
Pancuronium175,d 
Paromomycin176,d 


Paroxetine 177,b 
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Phenobarbital178,b 
Phenylbutazone 8?2,b,c,d 
Phenytoin179,b 
Piroxicam180,181,c,d 
Polymixin B182,b 
Potassium iodide 1 83,d,g 
Prazosin184,c 
Prednisolone 185,b 
Pregabalin186,187,b 
Primaquine 188,b 
Promethazine 189,b 
Propoxyphene 191,d,h 
Propylthiouracill 90,d 
Quinidine 192,c 
Quinine 193,194,b,d 
Ramiprill95,b 
Rifampin97,196,b 
Rimantadine197,c 
Ritonavir198,b 
Ropmnirole 199,b 
Salicylates200,c 
Sertraline80,c 
Sildenafil201,202,c,d 
Spectinomycin203,b 
Stavudine141,142,d 
Streptomycin204,b,d 
Sulfasalazine205,c,d 
Sulindac82,c 
Tacrolimus206,d 
Tadalafil207,b 
Temazepam81,b 


Telmisartan23,b 
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Terazosin208,b,c 
Tetracaine209,b 
Tetracycline 156,157,b,c 
Thalidomide210,211,b 
Thiabendazole212,c 
Thiethylperazine2 13,c 
Tiagabine215,b 
Ticlopidine2 14,c 
Tigecycline216,c 
Timolol217,b 
Tobramycin218,b,d 
Tolmetin82,c,d 
Topiramate219,220,b 
Torsemide96,105,106,c 
Tramadol221-224,b 
Tranyleypromine225,c 
Trazodone226,b 
Valproic acid227,228,c,d 
Valsartan229,b 
Vancomycin230-232,d 
Varenicline233,b 
Venlafaxine80,c,i 
Verapamil! 65,b 
Vinblastine234,d 
Vincristine235,d 
Vindesine236,b,c 
Vinorelbine237,c 
Vitamin A238,d,h 
Zalcitabine239,240,d 
Zidovudine 141,142,d 
Zolipidem241,b 


Zonisamide242,b 
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ve) 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bVertigo. 


c Tinnitus. 

dOtotoxicity. 

eOf patients with end-stage kidney disease. 

fAssociated with cumulative dose and extended duration. 
gAssociated with accidental topical administration. 

hIn overdose. 


iAssociated with withdrawal symptoms. 


EDEL. 











Drug-induced ototoxicity was first documented in the 17th century in association 
with quinine therapy, and salicylate ototoxicity was first reported in the 19th 
century.*>!-?>3 The overall incidence of drug-induced auditory toxicity is not known, 
but there are known incidence rates with some individual drugs. The incidence of 
aminoglycoside-induced ototoxicity varies from 0% to >60% depending on the 
specific agent and the method of assessment.”!'* The incidence of ototoxicity 
associated with chemotherapeutic agents is high, especially when dose-intense 
chemotherapy is administered.*©!**!49 The reported incidence of drug-induced 
auditory disorders associated with specific agents, where available, is included in 


Table 55-1, 18-242 


MECHANISMS 


Drug-induced auditory disorders result from a number of mechanisms (Table 55- 
2!5.27,106,252,254-265) Ototoxicity generally results from damage to the cochlea 
(leading to changes in hearing) or the vestibulum (leading to disorders of 
balance).7?°? Architectural changes that can be caused by drugs closely resemble 
the damage caused by noise and aging.*4*°* The actual causes of the structural 
changes may be multifactorial. 








Table 55-2 Mechanisms of Drug-Induced Ototoxicity!5»2 7,106 
252,254-265 


Mechanism(s) 





2304 


Aminoglycosides Formation of reactive oxygen species 
Aminoglycosides and chemotherapeutic agents Decreased number of hair cells 
Loss of spiral ganglion 
Chemotherapeutic agents Changes in mitochondrial function 
Direct cell death 


Chemotherapeutic agents and diuretics Reduction in endocochlear potential 
Diuretics Disruption of endocochlear fluid homeostasis 

Disruption of endolymph homeostatis 
Opioids, quinine, and salicylates Decreased cochlear blood flow 


Salicylates Activation of NMDA receptors 


NMDA = A-methyl-D-aspartate. 


Aminoglycosides can cause the formation of reactive oxygen species that 
overwhelm the body’s natural detoxification systems (glutathione, superoxide 
dismutase).2°’7°!2°2, The physical changes in the inner ear induced by 
aminoglycosides include a decreased number of hair cells.!*7°47°> Loss of spiral 
ganglion—cells that conduct nerve impulses from the cochlea to the brain—has 
also been observed following aminoglycoside administration.2©77 

Diuretics can cause temporary profound hearing loss through disruption of the 
homeostasis of the endocochlear fluid resulting in depression of the endocochlear 
potential.?°*7>°7>° The endocochlear fluid, endocochlear potential, and endolymph 
all are parts of the ear that allow sound to be converted into nerve impulses.2™ 
Although loop diuretics used alone generally cause only temporary hearing loss, 
they can potentiate the toxicity of other ototoxic agents, possibly by increasing their 
concentrations in the endolymph fluid covering hair cells resulting in much higher 


hair cell exposure.252.255.263-265 
The primary mechanism of quinine and salicylate ototoxicity is thought to be 


decreased cochlear blood flow due to inhibition of prostaglandin synthesis.?>*>> 
This hearing loss is generally reversible and usually occurs only with high doses of 


the culprit agents.7°° Salicylate ototoxicity may also be caused by increasing 
labyrinthine pressure or vasoconstriction.7”° In addition, activation of N-methyl-D- 


aspartate (NMDA) receptors has been implicated in salicylate-induced tinnitus.7° 
Similarly, it is thought that opioids reduce cochlear blood flow as a result of 
vasoconstriction leading to cochlear ischemia and hearing loss.*°? 

Cancer chemotherapeutic agents damage the inner ear in a number ways. These 
drugs may cause direct cell death, disturb the homeostasis of the endolymph, or 


cause degeneration of hair cells.2°47>°7/°77! In addition, cisplatin may impair 
function of the stria vascularis by reducing endocochlear potential. In the normal 
inner ear, the stria vascularis maintains the electrochemical gradient between the 
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endolymph and the perilymph.7°° Cisplatin also reduces the number of spiral 
ganglion cells in areas of the cochlea that may otherwise appear normal.*°*77° 
Change in mitochondrial function has also been noted with cisplatin ototoxicity.*”° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Patient symptom reporting is generally the initiating event in the diagnosis of drug- 
induced ear disorders. Ototoxicity can result in cochleotoxicity, which leads to 
changes in hearing, and/or vestibulotoxicity, resulting in disorders of balance. 
Hearing and balance changes may be present simultaneously. Vestibular symptoms 
include vertigo, nausea, oscillopsia (problematic ocular fixation), dizziness, 
lightheadedness, and gait disturbance.!!*7’? Common symptoms and symptoms of 
drug-induced ototoxicity are presented in Table 55-3.?-!!°7>? 





Table 55-3 Signs and Symptoms Associated with Drug-Induced 


9,115,252 





Ototoxicity 


¢ Difficulty hearing television or conversation 
¢ Disequilibrium 

¢ Frank hearing loss 

* Fullness in the ear 

* Gait disturbance 

¢ Lightheadedness 

* Oscillopsia 

* Tinnitus 


Table 55-4 Conditions to Consider in the Differential Diagnosis 
274-276 





of Drug-Induced Ototoxicity 


Hearing Loss (sensorineural) 


* Acoustic neuroma 

¢ Autoimune disease 

¢ Barotrauma 

* Cerebrovascular ischemia/stroke 
* Meniere disease 

* Meningioma 

* Meningitis 

¢ Multiple sclerosis 

* Noise exposure 

* Ototoxic medications 
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* Penetrating trauma 
* Presbycusis 
* Viral infections 


Tinnitus 


* Cerebrovascular ischemia/stroke 
* Chronic renal failure 

* Diabetes 

¢ Fibrous dysplasia 

* Hypercholesterolemia 

* Hypertension 

* Infection 

* Medications 

* Osteogensis imperfecta 

* Otosclerosis 

* Paget disease 

¢ Rheumatoid arthritis 

° Sarcoid 

¢ Sickle cell anemia 

* Stroke 

* Systemic lupus erythematos 
* Thyroid disease 

¢« Tumors 


Vertigo 


* Acoustic neuroma 

¢ Benign paroxysmal positional vertigo 
* Cogan syndrome 

* Herpes zoster oticus 

¢ Labyrinthine concussion 

* Medications 

¢ Meniere disease 

* Otitis media 

* Perilymphatic fistula 

* Recurrent vestibulopathy 

* Semicircular canal dehiscensce syndrome 
¢ Vestibular neuritis 


Diagnosis of ototoxicity can be challenging due to the variability in symptom 
severity and inconsistent presentation among patients. The primary reason for 
delayed diagnosis is the propensity for hearing loss to develop initially at 
frequencies above those used in daily conversation.*” Initial symptoms may 
include perceived fullness in the ear, tinnitus, difficulty hearing the television or 
radio, or difficulty talking on the telephone.!!> Table 55-4 lists the conditions that 
should be considered in the differential diagnosis of drug-induced ototoxicity.*’*?” 

Baseline audiometric testing for all patients receiving a drug with a potential to 
cause ototoxicity has been recommended. This is not always done, however, due to 
the large number of drugs known to cause ototoxicity, the cost of testing, and 
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inconsistent practices or prescreening.?/*7/’ At a minimum, efforts should be made 
to do baseline audiometric testing and testing during treatment for those patients 
receiving medications with the highest risk of ototoxicity. In addition, audiometric 
monitoring of selected high-risk patient populations (e.g., children who are still 
developing language skills) may allow detection of ototoxicity at an early stage so 
that disability can be prevented.*”® 

There are three main approaches currently used for monitoring: ototoxicity 
basic audiologic assessment, high frequency audiometry, and otoacoustic 
emission.*’? The latter two methods are becoming more widely used to evaluate 
ototoxicity because they are less resource-intense and are easier for patients even 


when critically ill’? However, none of these assessment approaches is 
appropriate for all patients. 


RISK FACTORS 


Risk factors for drug-induced ototoxicity are listed in Table 55-5,!°4>- 
51,61,77,109,114,115,117,204,252,256,280-287 High drug doses (e.g., with NSAIDs, diuretics) 
and, in some cases, cumulative doses (e.g., with aminoglycoside antibiotics, 
oncologic agents) are occasionally predictors of ototoxicity.** Rapid administration 
of intravenous (IV) loop diuretics is a risk factor for ototoxicity.7° 


Table 55-5 Risk Factors for Drug-Induced Ototoxicity!®45- 


51,61,77,109,114,115,117,204,252,256,280-287 


* Age 

* Bacteremia 

* Concomitant or prior exposure to ototoxic drugs 
* Cranial radiation 

* Cumulative dose 

* Decreased serum albumin concentration 

* Decreased serum hemoglobin concentration, hematocrit, and red blood cell count 
¢ Diet (magnesium and zinc deficiency, low protein) 
* Duration of therapy >14 days 

* Electrolyte imbalances 

¢ Elevated serum iron concentration 

¢ Elevated temperature 

* Genetic mutation in mitochondrial RNA 

* Hepatic dysfunction 

* High daily dose 

* Hypovolemia 

* Meningitis 

* Neonatal intensive care unit 

* Noise exposure 

* Pre-existing hearing problems 

* Renal dysfunction 
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RNA = ribonucleic acid. 


Familial groupings of individuals at increased risk for aminoglycoside 
ototoxicity have been reported.7°> Several point mutations (A1555G, T deletion at 
961) in the mitochondrial 12S rRNA of selected families was confirmed to 
predispose members to both familial deafness and aminoglycoside-induced 
ototoxicity. At least one of the mutations facilitates binding of the aminoglycoside 
to the mitochondrial RNA.*®> Studies indicate that development of ototoxicity is 
due to changed mitochondrial protein synthesis.2°47°77®3 

Factors reported to increase the risk of aminoglycoside ototoxicity include total 
dose administered, duration of administration >14 days, dehydration, hypotension, 
metabolic acidosis, hypokalemia, hypomagnesemia, renal dysfunction, hepatic 
dysfunction, and concomitant administration oof other ototoxic 
agents.7/106,107,120,158,267.288 Gentamicin and tobramycin peak concentrations >12 
mg/L and trough concentrations >2 mg/L, have been reported to increase the risk of 
ototoxicity.7°° Similarly, peak serum amikacin concentrations >35 mg/L and trough 
concentrations >10 mg/L have been reported to increase the risk of ototoxicity.?°* 

Vancomycin ototoxicity does not occur in animal models, and some studies 
indicate that it is related to concomitant use of other ototoxic medications.?“+7* 
However, evidence from the 1950s suggested that peak serum vancomycin 
concentrations >80 mg/L were associated with hearing loss.*“* There is also a case 
report of a neonate who received an accidental overdose of vancomycin (serum 
concentrations >100 mg/L for 4 days) who subsequently had no evidence of hearing 
loss.7®> Reversible tinnitus has been reported in patients with serum vancomycin 
concentrations >40 mg/L.7°488 

Animal research and limited human studies suggest low-protein diets and lower 
serum albumin concentrations increase the risk for cisplatin-induced ototoxicity.7°° 
In a small group of patients who participated in audiometric testing prior to 
cisplatin therapy, those with poorer health status as indicated by lower serum 
albumin concentration and anemia experienced a higher rate of hearing loss than 
those in better health.*8? Low serum albumin concentrations may lead to higher 
unbound cisplatin concentrations increasing the risk of ototoxicity; however, 
apoptosis of cochlear cells and avid cisplatin tissue binding are more problematic 
than decreased levels of albumin.*”? Decreased blood flow and oxygen availability 
secondary to anemia may play a role in developing hearing loss due to reduced 
metabolism.7®? 

Elevated blood concentrations of metals such as iron can potentiate the 
formation of the reactive oxygen species.*?!?” Iron accumulation in transfusion- 
dependent patients has been associated with end organ damage in some patient 
populations, and deferoxamine is frequently used to decrease the iron burden. 
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Sensorineural hearing loss has been reported in 3.8-57% of these patients.7> Some 
investigators attribute the hearing deficit to iron overload, while others ascribe it to 
deferoxamine. Chiodo and colleagues found no association between risk of 
ototoxicity and serum ferritin and hemoglobin concentrations.’””? One study found 
an association between higher doses of deferoxamine given less frequently 
compared to lower doses administered daily.”’ Iron may also play a role in 
ototoxicity induced by aminoglycosides by forming complexes with the drugs. 
These complexes serve as precursors to free radical formation.2”* The risk of 
ototoxicity associated with furosemide is increased with prolonged duration of 
therapy.?™4 


MORBIDITY AND MORTALITY 


The exact incidence of ototoxicity has not been quantified, but it is approximated 
that millions of patients are exposed to ototoxic medications annually. Hearing loss 
and, sometimes, tinnitus due to ototoxicity can cause permanent disability.?”° In 
children, hearing difficulties impact social, emotional, and cognitive 
development.*° Children with hearing problems have delayed language 
development and reading skills. Hearing loss also causes social and emotional 
challenges for adults including decreased quality of life due to struggles with 
communicating, cognitive decline, social isolation, and development of 
depression.?”° 


Table 55-6 Approaches to Help Prevent Drug-Induced 
288-308 





Ototoxicity 


apiietas Available 


Avoid rapid intravenous infusions 
* Close monitoring 
¢ Limiting therapy duration 
* Limiting total dose 
* Risk assessment 


Investigational 


* a-MSH 

* a-tocopherol 

* Amifostine 

* Ethacrynic acid 

* Glial derived neurotrophic factor 

* Glutathione 

¢ Intensity-modulated radiation therapy 
¢ Tron chelators 
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* Melatonin 

* N-acetylcysteine 

* Neurotrophic peptide ORG 2766 
° Salicylates 

* Sodium thiosulfate 

¢ Superoxide dismutase 


MSH = melanocyte-stimulating hormone. 


PREVENTION 


Prevention of drug-induced ototoxicity requires appropriate risk assessment and 
close monitoring.?”’ Methods of prevention are listed in Table 55-6.78°30 
Administration of numerous chemicals to provide protection from ototoxicity and 
enhance recovery of hearing are under investigation.7’’?®° Included in this group 
are drugs commonly used for other  indications.271789290296304,305,309-314 
Acetylcysteine protects auditory neurons and hair cells from cisplatin ototoxicity in 
vitro.°°> Concomitant administration of the nutritional supplement o-tocopherol 
with gentamicin has delayed progression of hearing loss and preserved vestibular 
function in animals.°°! Other promising experimental agents include 
diethyldithiocarbamate, glutathione, and methionine.?8°”°° No drugs are currently 
U.S. Food and Drug Administration (FDA)—approved specifically for prevention of 
drug-induced ototoxicity. 


Judicious administration of aminoglycosides to only those patients with serious 
infections and limiting the duration of exposure can help prevent permanent hearing 
loss. Unfortunately, in the current era of more widespread antimicrobial resistance, 
the use of aminoglycosides in combination with other antibiotics is sometimes 
required in the treatment of serious infections such as Pseudomonas aeruginosa. 


Prevention of cancer chemotherapy-induced ototoxicity is complicated. A 
primary concern with the use of preventive measures is the possibility that the anti- 
tumor activity of the antineoplastic agent could be compromised. Several strategies 
for retaining the cytotoxic properties of cancer chemotherapy agents while reducing 
the incidence of ototoxicity are in the early stages of testing. These include 
compartmentalization of medication, timed dosing, and localized cranial 
radiation.27©.297,307 


There are some data supporting the use of sodium thiosulfate to protect children 
and adults from ototoxicity during carboplatin treatment. Sodium thiosulfate 
provided protection from ototoxicity when administered in a dose of at least 16 
g/m 4 hours after carboplatin treatment.*!° 

Salicylates and ethacrynic acid—drugs that may themselves cause temporary 
hearing loss—have actually shown promise for protecting from drug-induced 
ototoxicity caused by other agents when administration is timed appropriately. 
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Animal data revealed salicylates can chelate iron and serve as an antioxidant 
against gentamicin-induced hearing loss without affecting antibiotic efficacy.7” 
Administration of ethacrynic acid when serum gentamicin concentrations are 
highest in the cochlear fluid facilitates excretion, leading to loss of fewer outer hair 
cells and lower compound action potential thresholds.°™ 


MANAGEMENT 


Treatment of reversible ototoxicity as with salicylate- or furosemide-induced 
tinnitus involves simply discontinuing therapy with the offending agent.?*? 
Generally, tinnitus resolves within several days.*? When offending medications 
cannot be discontinued and/or damage is permanent, specific treatment measures 
are indicated. For patients who experience permanent drug-induced hearing loss, 
options include hearing aids and cochlear implants.”>/ 

Several options for the treatment of tinnitus have been explored, although 
evidence of the effectiveness of drugs in the treatment of this condition is largely 
anecdotal. Agents that are well-known causes of tinnitus have also been used in its 
treatment (e.g., benzodiazepines, furosemide, lidocaine, prednisone, metformin), 
albeit with limited success.!0?7°8 Anesthetics, antidepressants, anticonvulsants, 
anxiolytics, antihistamines, diuretics, and antispasmodics have all been studied but 
had little to no benefit and were associated with adverse effects.°°4>°%?'4 There 
have been several antioxidants that have been shown some efficacy of alleviating 


ototoxicity; however, to date there are no human trials with these medications.>!~ 
320 


The use of frequency masking devices and patient counseling on ways to live 
with tinnitus remain the mainstays of treatment for this disorder.°°4?!4 Frequency 


masking devices produce a sound that masks the tinnitus sound patients hear.*!! The 
device emits a frequency that is similar in pitch to the tinnitus sound effectively 


blocking out that sound.*!! These devices can be incorporated into hearing aids or 
used separately, and patients who utilize them report good success in masking their 
tinnitus.*"! 

There is continuing research on treatment options for vestibular dysfunction. 
Antihistamines such as diphenhydramine, meclizine, and promethazine have been 
shown to provide some benefit for patients suffering from vestibular dysfunction.*7! 


Other treatment options include trimethadione and scopolamine patches.°7! 
Vestibular rehabilitation exercises are often required to help patients learn 


adaptation to residual reflexes or substitution of ocular and proprioception cues. !7! 


INFORMATION FOR PATIENTS 
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Patients who are taking drugs known to cause auditory disorders should be 
instructed to consult their healthcare provider should they notice a change in 
hearing acuity or unusual sounds in the ears which might include ringing, buzzing, 
clicking, hissing, or roaring.*”* Patients should be instructed to avoid concomitant 
use of drugs known to cause ototoxicity for the duration of their treatment with a 
potentially ototoxic medication.*”°~*4 It would also be reasonable for healthcare 
providers to review medication lists to identify any other ototoxic medications and 
evaluate their continued need. Information about the warning signs of ototoxicity 
such as dizziness, ringing in the ears, worsening of tinnitus, unexplained ear 
pressure, and any abnormal hearing changes should be communicated to the patient 
when they start medications known to cause ototoxicity.**+ Patients should also be 
instructed to keep hydrated, avoid caffeine, and avoid loud music or noises while 
taking ototoxic medications.*7+ 
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CHAPTER 56 


Oral Manifestations of Systemically 
Administered Drugs 


Ashley H. Meredith 


Many commonly prescribed drugs have associated dental and oral manifestations 
that are often nonspecific and can vary in significance. Undesirable effects can 
mimic other disease processes, as is often the case with erythema multiforme, or 
may be very characteristic of a particular agent, such as gingival hyperplasia 
secondary to the anticonvulsant phenytoin. Several systemic drugs and medication 
classes have been implicated in causing clinically significant oral manifestations. 
The drug-induced diseases covered in this chapter include color changes of the oral 
mucosa and teeth, taste disorders, gingival hyperplasia, oral erythema multiforme, 
oral lichenoid drug reactions, and osteonecrosis of the jaw. 


COLOR CHANGES OF THE ORAL MUCOSA AND 
TEETH 


Color changes within the oral cavity may be classified as extrinsic (1.e., superficial 
discoloration) or intrinsic (i.e., within the mucosa or tooth structure).! Extrinsic 


2935 


discoloration rarely leads to clinically significant disease. 


CAUSATIVE AGENTS 


Any surface within the oral cavity is subject to discoloration due to medications. 
The most commonly impacted areas include the teeth and palate. Substances 
reported to cause color changes of the teeth include coffee, tobacco, tetracycline, 


minocycline, and fluoride.* Color changes of the oral mucosa have been associated 


with oral contraceptives, minocycline, chloroquine, phenytoin, and amiodarone.*? 
In patients with HIV disease, diffuse or macular pigmentation has been reported 


within the oral mucosa with clofazimine, zidovudine, or ketoconazole treatment. !® 
Drugs reported to cause color changes of the oral mucosa and teeth are listed in 
Table 56-1.°-*° 


Table 56-1 Agents Implicated in Drug-Induced Color Changes 
of the Oral Mucosa and Teeth>-3© 





Level of 
Drug Incidence Evidence* 


5-fluorouracill 0-12 
Amiodarone9- 11,13 
Bismuth10,14 
Bleomycin10-13 
Busulfan10,12-14 
Carotene 10-12 
Chlorhexidine 11,12,14 
Chloroquine7,10,13-15 
Chlorpromazine 10,13,17 
Clofazimine 10-14,18 
Copper 14 
Cyclophosphamide 10-14,19-21 
Docetaxell9-21 
Doxorubicin10,12-14,19-21 
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Fosinoprill 4 

Gold10,22 

Heromn11-14 
Hydroxychloroquine 10,13,16,23 
Hydroxyurea 13 
Imatinib24,25 

Ironl4 

Ketoconazole 11-13 
Lansoprazole25 
Lead10,14 

Lisinoprill 4 

Manganese 14 
Methyldopa 14 
Minocycline5,6,10-12,14,27-32 
Nicotine 11,12 

Oral contraceptives3,4,10-14 
Pentamidine 14 
Perindoprill 4 
Phenytoin8, 14 
Premarin11,12,33 
Propafenone 14 
Quinacrine 10,13,14 
Quinaprill4 

Ramiprill4 

Silver 14 

Tacrolimus 13,34 
Terbinafine 14 
Tetracycline 10-13,27,29 
Thallium 14 

Tinl4 

Trandolaprill4 


Zidovudine 11-14,18,35,36 
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Zopiclone 14 NK C 
NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


The overall incidence of drug-induced color changes of the oral mucosa and teeth 
is unknown. The incidence of minocycline-induced hyperpigmentation increases 
with higher doses and longer durations of exposure. It has been reported to occur in 
10% of patients after 1 year and increases to 20% after 4 years of treatment with 


minocycline 100-200 mg per day.>! 


MECHANISMS 


Color changes of the teeth can be caused by physical contact with a substance that 
causes external staining (e.g., coffee or tobacco) or may be due to changes that 
occur during tooth formation, as is the case with the tetracyclines.* Table 56-2 
describes mechanisms of drug-induced color changes of the oral mucosa and 
teeth.2>>’°8 The proposed mechanism by which antimalarial agents induce color 
changes involves deposition of melanin or iron within the mucosal tissues.! 
Minocycline- and tetracycline-related color changes of the teeth are a result of a 
direct chelation with calcium and incorporation into hydroxyapatite as a stable 
organophosphate complex during tooth formation.!*’ Additional mechanisms for 
drug-induced color changes of the oral mucosa and teeth include deposition of 
pigmented metabolic drug products within the mucosal tissues, increased melanin 
production and deposition, and deposition of exogenous materials. ”!°>74° 








Table 56-2 Mechanisms of Drug-Induced Color Changes of the 


Oral Mucosa and Teeth2>»37:38 





Drug Mechanism(s) 

Amiodarone * Increased lipofuscin production?’ 

Antimalarials * Increased melanin production?’ 

Clofazamine * Chelated medication metabolite(s)° u 

Heavy metals (ie., arsenic, bismuth, lead, mercury, ¢ Peripheral metal accumulation in the oral mucosa?® 


silver, gold) 
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Hormones * Increased melanin production? 7 
Imatinib * Chelated medication metabolite2> 
Tetracyclines - Increased melanin production?’ 


* Formation of iron complex? 7 


¢ Stained bone? 7 





CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 

The signs and symptoms of drug-induced color changes of the oral mucosa and teeth 
are somewhat variable (Table 56-3).!° Pigmentation can range from light brown to 
black, with brown lesions typically related to superficial pigmentation and 
black/gray lesions related to deeper pigment location.!*4° More intense colors are 
found in patients who smoke.*! Any area within the oral mucosa may be impacted, 
with the buccal and gingival mucosa and hard palate most commonly affected.*!“° 


Areas of hyperpigmentation may be diffuse or multifocal.*’ Patients presenting with 
tetracycline-related tooth discoloration typically have a brownish color on the front 
teeth and a yellow color on the back teeth. This difference is due to daily light 
exposure, which is more intense in the front portion of the mouth as opposed to the 
back. 


Table 56-3 Signs and Symptoms of Drug-Induced Oral 
Manifestations of Systemic Drugs 


Symptoms 





COLOR CHANGES OF THE ORAL MUCOSA AND TEETH 
Diffuse hyperpigmented lesion(s) of various colors Generally asymptomatic 
(i.e., blue-gray, brown, red) 


Histologic exam!0, 


¢ Increased melanin in all epidermal layers 
¢ Pigment granules within dermis 


DRUG-INDUCED TASTE DISORDERS 


No objective signs present 





Absence of normal taste sensations (i.e., excessively 
sweet, bitter, salty or metallic tastes) 





DRUG-INDUCED GINGIVAL HYPERPLASIA154 





Localized or generalized gingival enlargement Bleeding 


Firm nodular enlargement Pain 
Lobulated gingival appearance 
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Noninflamed, firm, and fibrous gingiva Impaired oral hygiene!25 


Edematous, erythematous, and bleeding gingiva 
= ak Difficulty chewing!25 


125 


Speech interference 





DRUG-INDUCED ORAL ERYTHEMA MULTIFORME172,189,190 


Diffuse macules that blister and form ulcers Fever 


Intraoral lesions Pain 
Swollen, cracked, bleeding, and crusted lips 


Targetoid lesion (central necrotic area) 





DRUG-INDUCED ORAL LICHENOID REACTIONS230 


2,74 Pain 


Oral ulcerations with Wickham’s striae 


Swollen, red, and ulcerated lesions2? 
229 


Roughness on lining of the mouth 
Sensitivity to hot or spicy foods 


White reticular striae or plaques Slow onset of ulcers 





DRUG-INDUCED OSTEONECROSIS OF THE JAW241 


Cutaneous fistula Delayed tissue healing2©°,267 


Exposed bone Poin 


Mobile teeth 
Mucosal fistula 





When a patient presents with complaints of color changes within the oral cavity, 
multiple diagnoses must be considered in addition to drug-induced disease. Table 
56-4 lists conditions to consider in the differential diagnosis of drug-induced color 
changes of the oral mucosa and teeth.”!> The differential diagnosis should include 
conditions such as Addison disease, vitamin B,, deficiency, and melanoma. 
Addison disease and vitamin B,, deficiency can be ruled out with blood tests.’ If 
the index of suspicion for melanoma is high, this diagnosis can be investigated via 
incisional biopsy of the hyperpigmented area. Pigmentation of the oral cavity may 
be due to exogenous causes such as tattoo pigment, pencil lead, or amalgam, a 
common product used in dental restorations. Amalgam use as part of dental 
restoration can result in the generation of corrosive products, such as silver sulfide, 
resulting in grayish-black discoloration. Pigmented lesions often require a biopsy 
to establish a definitive diagnosis. '° 


Table 56-4 Conditions to Consider in the Differential Diagnosis 


of Drug-Induced Oral Manifestations of Systemic Drugs 


Drug-induced color changes of the oral mucosa and teeth 
Ls 





¢ Acquired melanocytic nevi 
¢ Embedded foreign material (i.e., tattoo pigment, amalgam dental restoration material, pencil lead)!3 
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¢ Endogenous sources (i.e., hemoglobin, bilirubin) !3 


¢ Physiological conditions (i.e., Addison disease, Peutz—Jeghers syndrome, Laugier—Hunziker syndrome) !3 


* Postinflammatory pigmentation! 3 


¢ Primary and metastatic melanoma!3 


¢ Tobacco use 13 


* Vitamin By)? deficiency’ 


Drug-induced taste disorders? 


* Gingivitis 

¢ Lead or copper poisoning 

* Recent dental procedures 

° Thrush 

¢ Upper respiratory tract infection 
¢ Zinc deficiency 


Drug-induced gingival hyperplasia 156 


* Gingivitis 

¢ Hormonal conditions (i.e., pregnancy, hypothyroidism) 

¢ Leukemia (1e., acute monocytic, lymphocytic, myelocytic) 
* Nutritional conditions (i.e., vitamin C deficiency) 


Drug-induced oral erythema multiforme!®7 


* Bullous pemphigoid 

* Cutaneous small-vessel vasculitis 
* Fixed drug eruptions 

* Paraneoplastic pemphigus 

* Polymorphous light eruption 

¢ Stevens—Johnson syndrome 

* Sweet syndrome 

* Rowell syndrome 

¢ Urticaria 


Drug-induced oral lichenoid reactions? 1.222.231 


* Candidiasis 

* Chronic ulcerative stomatitis 

* Desquamative gingivitis 

* Graft versus host disease following allogenic bone marrow or stem cell transplant 
¢ Lupus erythematosis 

¢ Lichenoid dysplasia 

* Mucous membrane pemphigoid 

* Oral hairy leukoplakia 

* Oral lichen planus 

¢ Pemphigus vulgaris 

* Poor oral hygiene 

* Proliferative verrucous leukoplakia 
¢ Squamous cell carcinoma 


Drug-induced osteonecrosis of the jaw? 


* Fungal infection 
* Osteoradionecrosis 
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Few specific risk factors for drug-induced color changes of the oral mucosa and 
teeth exist (Table 56-5). Trauma, hormonal changes, medication, and radiation can 
cause increased melanin production and lead to an increased incidence of oral 
pigmentation.** The administration of medications known to induce color changes 
should be limited if patients are known to have increased melanin production. 
Given the mechanism by which the tetracyclines cause color changes of the teeth, 
age and developmental stage should be considered as risk factors for this adverse 
effect. 


MORBIDITY AND MORTALITY 


No cases of morbidity or mortality associated with drug-induced color changes of 
the mucosa or teeth have been reported. The clinical consequences are mostly 
cosmetic, but the impact that the cosmetic changes may have on a patient’s quality 
of life must be considered. 


PREVENTION 


The most effective prevention strategy for drug-induced color changes of the oral 
mucosa and teeth is limiting patients’ exposure (dose and duration) to drugs known 
to carry this risk. Drugs of the tetracycline class should be avoided (to the extent 
medically possible) in women during the last half of pregnancy and in all children 
up to the age of 8 years. 


Table 56-5 Risk Factors for Drug-Induced Oral Manifestations 


of Systemic Drugs 





Color changes of the oral mucosa and teeth 


* Age of the patient 

* Chronic inflammation 

* Duration of medication exposure 

* Early stages of tooth development (tetracycline-induced) 
* Hormonal changes 

¢ Increased melanin production 

¢ Trauma 

* Trimester of pregnancy 


Drug-induced taste disorders 
89 


* Concomitant chemotherapy 


¢ Female sexo! 
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* Lower body-mass index! ! 


* Older age 84,90-92 


¢ Radiation 


¢ Vitamin D deficiency”? 


* Zinc deficiency®? 


Drug-induced gingival hyperplasia'”® 
¢ Duration of treatment 

° Male sex 

¢ Plaque-induced inflammation 

* Poor oral hygiene 

* Young age 


Drug-induced oral erythema multiforme 
* Human leukocyte antigen (HLA) types: HLA-DQ3, HLA-B15(B62), HLA-B35, HLA-A33, HLA-DRS3, 


HLA-DQB1*0301!” 


« Male sex!95 


* Younger age /95 


Drug-induced oral lichenoid reactions 


¢ Female sex2> 3 


* Medication contains a thiol chemical group208,228 


Drug-induced osteonecrosis of the jaw 


* Cancer that has metastasized to the bone2® 


* Combination treatment with bisphosphonate and bevacizumab or sunitinib>! 


* Dental extractions~° 


¢ Intravenous bisphosphonate administration??? 
¢ Length of exposure to bisphosphonates (>6 months)240.25 7 
* Multiple myeloma2°° 
* Overall poor oral health2©° 

¢ Surgical bone manipulation2©° 
- Presence of oral infections2° 


¢ Trauma from dentures2©° 


MANAGEMENT 


Drug-induced color changes of the oral mucosa are benign, and no treatment is 
required once diagnosed. The pigmentation should resolve within a few months of 


medication discontinuation.*’ Tetracycline-induced pigmentation is irreversible, but 
the intensity may decrease over the years following discontinuation.*! 
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INFORMATION FOR PATIENTS 


When patients present with medication-induced color changes of the oral mucosa 
and teeth, healthcare providers should reassure the patient that it is a completely 
benign condition and is not commonly associated with long-term effects (unless due 
to tetracyclines). 





TASTE DISORDERS 


Three primary taste disorders exist: hypogeusia, ageusia, and dysgeusia. 
Hypogeusia is a decreased sensitivity to tastes, and ageusia is a total loss of taste 
perception. Dysgeusia is the distortion or misinterpretation of a taste while eating 
(i.e., tasting sour instead of sweet) or taste confusion.** Patients with dysgeusia 
may have an exaggerated sense of sweet, bitter, salty, or metallic tastes. 


CAUSATIVE AGENTS | 
Many drugs have been associated with disorders of taste including clarithromycin, 
terbinafine, furosemide, boceprevir, and telaprevir (Table 56-6).!434°7 








EPIDEMIOLOGY 


Hypogeusia, ageusia, and dysgeusia are often grouped together and labeled simply 
as “taste changes” or “taste disorders.” Medication-induced taste changes have 
been reported to account for 0.4% of reported adverse drug events, and this 
adverse event occurs more often in elderly patients, with a reported incidence of up 
to 33%.*°47 Medications are thought to be the cause for up to 25% of all reported 
taste disturbances.” Cardiovascular agents carry a risk of causing taste disorders 
of approximately 2%.’4 Taste disorders have been reported in approximately 56% 
of cancer patients receiving chemotherapy alone, 66% of patients receiving 
radiation alone, and 76% in patients receiving both chemotherapy and 
radiation. 7° 


Table 56-6 Agents Implicated in Drug-Induced Taste 


Disorders! 4:43,46-72 










Level of 


Drug Incidence Evidence* 


5-fluorouracill 4,43,47-49,52 


Acetazolamide 14,43,47-49 
Allopurinoll 4,43,47-49 
Alprazolam53 
Amlodipine53 
Amoxicillin—clavulanic acid46 
Amphetamines43,47-49 
Amphotericin B14,43,47-49 
Aspirin14,47-49 
Atorvastatin 14,47 
Azathioprine 14,54 
Azithromycin46 
Beceprovir50 

B-lactam antibiotics43,47-49 
Botulinim toxin A47-49 
Bupivacaine47-49 
Captoprill4,43,47-49,55 
Carbamazepine43,47-49 
Carboplatin43,52 
Ceftriaxone47-49 
Chlorhexidine43,56 
Cisplatin14,43,47-49,52 
Clarithromycin14,46-49 
Crizotinib57-59 
Cyclophosphamide52 
Diltiazem14,43 
Dipyridamole 14,43,47-49 
Disulfiram47-49 
Docetaxel60 
Doxorubicin5S2 

EDTA 14,43 

Enalaprill4,43 


Eprosartan47-49 
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Ergocalciferol47-49 
Eszopiclone61,62 
Ethambutol14,43,47-49 
Ethionamide 14,43 
Ferrous sulfate47-49 
Fluoxetine47-49 
Flurazepam43,47-49 
Furosemide47-49 
Interferon 043 
Isosorbide dinitrate 14,43 
Isotretinoin43,63 
Lamotrigine47-49 
Levamisole43 
Levodopa 14,43,47-49 
Levofloxacin46 
Lisinoprill 4,43,47,55 
Lithium 14,43,47-49,64 
Losartan14,43,47,65 
Metformin47-49 
Methocarbamol47-49 
Methyldopa47-49 
Metolazone47-49 


Metronidazole 14,43,47-49,66 





Moxifloxacin46 

Nifedipine 14,43,47-49,67 
Nitroglycerin14,43 
Olanzapine53 

Paclitaxel60 

Penicillamine 14,43,47-49 
Pentamidine 14,43,47-49,68 


Pergolide 14,43 
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Pravastatin47 


Procamnamide47-49 
Procaine penicillin G14,43,47-49 
Propafenone 14,43,47-49 
Propylthiouracill 4,43 NK 
Protease inhibitors46,69 NK 


Ramiprill 4 





Risperidone47-49,70 


Selegiline 14,43 1>3% 
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Sulfisoxazole47-49 
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Sumatriptan47-49 13.5—24.5% 
Sunitinib46 21-47% 
Telaprevir5 | 27% 
Terbinafine 14,43,46-49,71 2.8-9% 


Tetracycline 14,43,47-49,72 
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Vitamin D47-49 
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Zopiclone14,47-49 15-30% 
EDTA = ethylenediaminetetraacetic acid, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


MECHANISMS 


Multiple mechanisms exist that may explain how medications cause taste 
disturbances (Table 56-7).** Taste disorders may be secondary to hyposalivation as 
a result of damage to the salivary glands, change in chemical composition of the 
saliva, or via other mechanisms such as drug-receptor inhibition, alteration of 
neurotransmitter function, neuron action potential disruption, or dysfunctional 
sensory modulation in the brain.*°°>77’ Chemotherapy may cause taste 
disturbances due to higher rates of cell turnover and taste bud cell death.” Taste 
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disturbances related to radiation are a result of damage to the nerves responsible 
for processing taste function, anatomic changes, and a direct decrease in taste bud 
density due to cytotoxic and antiproliferative effects.’®”?-®5 


Table 56-7 Mechanisms of Drug-Induced Taste Disorders 


Drug Mechanism(s)* 

Acetazolamide ¢ Dysfunction of taste bud or neuron 

Tetracycline 

Allopurinol ¢ Alteration of secondary messenger systems that leads to 
Dipyridamole misinterpretation of tastes 

Lithium 

Amphetamines * Decreased taste threshold 

Captopril ¢ Excess bradykinin accumulation 

Enalapril * Zinc deficiency 

Lisinopril 

B-lactam antibiotics ¢ Zinc chelation 

EDTA 

Penicillamine 

Propylthiouracil 

5-fluorouracil * Mucosal toxicity 

Diltiazem * Decreased calcium-mediated neurotransmission 
Nifedipine 


EDTA = ethylenediaminetetraacetic acid. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Taste disorders often present with patients complaining of strange tastes, changes to 
the taste of food, or lack of taste (Table 56-3). Symptoms may begin suddenly or 
have a gradual onset. When related to radiation therapy, taste disorders peak 3-4 


weeks after the start of treatment.** 
Differential diagnoses for taste disorders include upper respiratory tract 
infections, dental causes, or structural changes (Table 56-4).*°-8:°° Tests to rule out 


nondrug causes may include computed tomography and magnetic resonance imaging 
to look for structural changes that may be contributing to the taste disorder and to 


assess neurologic or intracranial causes.®’ Simple taste testing based on exposure 
to substances known to produce certain tastes, such as salty or sweet, can be 


completed to confirm the diagnosis of dysgeusia and other taste disorders.*° 
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RISK FACTORS 


Many nonspecific risk factors exist that may predispose patients to taste disorders 
(Table 56-5).°!-/184.90-°3 Some data suggest women may be more sensitive to taste 
disturbances related to medications.°! Lower body mass index is thought to 
increase the risk from lipophilic drugs, such as terbinafine.’! Older age is 
associated with an increased risk due to a decreased quality of taste buds and 
higher number of daily medications to treat chronic medical conditions.””°* Zinc 
and vitamin D deficiencies have been linked to taste disturbances, particularly 
when patients are receiving chemotherapy.®””? Higher doses of radiation may be 
associated with more severe symptoms.™* 


MORBIDITY AND MORTALITY 


Overall, taste disturbances can lead to decreased appetite, poor food choices, and 
decreased intake contributing to malnutrition, worsening of medical conditions 
impacted by dietary choices, and impaired immune function.*” Taste disturbances 
do not directly cause morbidity and mortality; however, it has been estimated that 
up to 20% of deaths in cancer patients may be attributed to malnourishment 
resulting from decreased enjoyment of food.** Studies in cancer patients yield 
conflicting results concerning the impact taste disturbances have on quality of life. 
Some studies have found that approximately 50% of patients list taste disturbances 
in their top three treatment-related complaints, although other studies refute those 
reports.*4 


PREVENTION 


Limiting drug exposure (dose and duration of treatment) is the most effective means 
for preventing all of the oral manifestations of systemically administered drugs. 
Unfortunately, no specific methods for the prevention of taste disturbances have 
been identified. 


MANAGEMENT 


Taste disturbances are best treated with removal of the offending agent.!4 
Resolution of symptoms may take months due to accumulated metabolites. Small 
trials have reported improvement in symptoms with the use of alpha lipoic acid 
(200 mg given orally 3 times daily) or zinc supplementation (50 mg given orally 3 
times daily), particularly if zinc deficiency is identified.?-°’ For chemotherapy 
patients with a documented decreased 25-hydroxyvitamin D level, daily 
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supplementation with 2,000 units of vitamin D; (cholecalciferol) orally was found 


to be successful in reducing treatment-related taste disorders.”? Clonazapem has 
been found to be effective for some types of dysgeusia due to its action on gamma- 


aminobutyric acid receptors.”® 


If taste disturbances persist following removal of the offending agent, masking 
techniques such as the use of breath mints or sugarless chewing gum may be 
utilized. These approaches may have limited efficacy, however, due to loss of 
flavor from the underlying taste disturbance. Lozenges containing the local 
anesthetic dyclonine (e.g., Sucrets) may provide temporary relief.4+ A case report 
found improvement in dysgeusia when patients held an ice cube in the mouth before 
meals.”’ Patients may also see improvement with the use of plastic utensils, eating 
food cold, and, in severe cases, use of an oral suspension composed of lidocaine, 
aluminum-magnesium hydroxide, and diphenhydramine.” 


INFORMATION FOR PATIENTS 


Patients with drug-induced disturbances of taste should understand that the disorder 
could cause them to either eat too much and gain weight or eat too little and lose 
weight. Flavor enhancement can increase food enjoyment, even in the presence of 
taste disturbances; however, if salt or sugar is used, it may have an impact on 
chronic conditions such as hypertension or diabetes. Techniques such as marinating 
meats before cooking, using low-calorie sweeteners for sweetness, and using 
lemon juice for sourness can sometimes improve taste and help increase caloric 
intake. It is important for patients to make a conscious effort to maintain proper 
nutrition, utilizing supplements and dietary guidelines. !°~!% 


GINGIVAL HYPERPLASIA 


Gingival hyperplasia often begins as a painless enlargement that is usually 
generalized throughout the mouth. There is an accumulation of extracellular 
components within the gingival connective tissue associated with various degrees 
of chronic inflammation. 


CAUSATIVE AGENTS 


There is a definitive link between medications and gingival hyperplasia. Multiple 
medications have been reported to cause gingival hyperplasia, including 
cyclosporine, sodium valproate, nifedipine, diltiazem, verapamil, amlodipine, 
large doses of progesterone, and, most classically, phenytoin (Table 56-8). !4!0+!4 
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Table 56-8 Agents Implicated in Drug-Induced Gingival 
14,104-144 





Hyperplasia 
Level of 
Drug Incidence Evidence* 


Amlodipine 14,12 1-125 
Carbamazepine 126 
Co-trimoxazole 14 

Cyclosporine 14,104-109,127-131 
Diltiazem14,117-119,125 
Diphenoxylate 14 
Erythromycin14,132 
Ethosuximide 14,125 

Felodipine 14,125 

Interferon «14,133 
Ketoconazole 14 

Lamotrigine 14,134 

Lithium 14,135-138 
Mephenytoin13,125 
Methsuximide 125 

Nicardipine 125 

Nifedipine 14,111-117,121,122,125,129 


Nimodipine 125 





Nisoldipine 125 

Oral contraceptives 14 
Phenobarbitall 4,139 
Phensuximide 125 

Phenytoin14, 120,125,134 
Primidone 14 

Sertraline 14 

Sodium valproate 14,110,125,140 


Tacrolimus 127,141 
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Topiramate 14 
Tranexamic acid142 
Verapamill 4,125,143 


Vigabatrin14,144 





NK - not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY 


The incidence of medication-induced gingival hyperplasia varies with medication 
class and specific agents within those classes. The incidence of gingival 
hyperplasia associated with calcium-channel blockers ranges from 3% to 6%, with 
some reports suggesting an incidence as high as 80%.!**:'*> Up to 50% of patients 
treated with phenytoin will experience this gingival hyperplasia after the first 3 
months of treatment.!4°!48 Cyclosporine-induced gingival hyperplasia can affect 
25-50% of adults and 70-97% of children. !*° 


Table 56-9 Mechanisms of Drug-Induced Gingival Hyperplasia 





Drug Mechanism(s)!2> 


Anticonvulsants * Down regulation of epidermal growth factor receptor metabolism 
* Increased production and secretion of collagenase 
¢ Increased production of platelet-derived growth factor 
¢ Increased rate of cell growth 
* Interference of folic acid absorption and metabolism 


Cyclosporine ¢ Altered gingival fibroblast metabolism 
¢ Immunogenetic predisposition (presence of HLA-DR2) 
¢ Increase in protein synthesis and cell proliferation 
* Increased activation of growth factors 
¢ Increased platelet-derived growth factor messenger RNA 


Calcitum-channel blockers * Increased cell proliferation rate 
* Increased collagen synthesis 
* Interferences of calcium transport and calcium-dependent processes (i.e., 
collagenolytic effects of inflammatory cells, synthesis of collagenase) 


RNA = ribonucleic acid. 


MECHANISMS 
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The primary mechanism of drug-induced gingival hyperplasia is thought to relate to 
inflammation. (Table 56-9).!*> Inflammation may develop due to direct toxic effects 
of the drug in gingival fluid!>° or may be plaque-induced.!*!!>* Decreased cellular 
folic acid uptake leads to decreased activity of collagenase and upregulation of 
keratinocyte growth factor, resulting in gingival overgrowth. !>°-!°3 Once overgrown 
tissue develops, bacteria persist in pockets unable to be reached with a toothbrush 
or dental floss, which further perpetuates the cycle of inflammation.!°4 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Gingival hyperplasia is characterized by increased gingival mass and volume that 
can be localized or generalized (Table 56-3).!*>!*+!> Initial presentation may be a 
firm nodular enlargement which progresses to an enlarged, lobulated appearance. 
Gingival hyperplasia related to the use of calctum-channel blockers usually begins 
about 2-3 months after treatment initiation.!°° Cyclosporine-induced gingival 
hyperplasia is more likely to cause bleeding from the gums as compared to gingival 
hyperplasia caused by phenytoin. !4? 

Differential diagnosis for drug-induced gingival hyperplasia includes systemic 
conditions such as certain types of leukemia, hereditary gingival fibromatosis, 
sarcoidosis, Crohn disease, Wegener granulomatosis, amyloidosis, pregnancy, 
hypothyroidism, or vitamin C deficiency (Table 56-4).!°° In patients with leukemia, 
other features of the gingival hyperplasia include oral ulcers, spontaneous bleeding, 
and candidiasis. When gingival hyperplasia is due to vitamin C deficiency, the 
gums often have a bluish-red color, with a smooth, shiny surface that bleeds 
easily.!°’ In addition to decreased serum ascorbic acid levels (<2 mcg/mL), 
patients may have elevated levels of high-sensitivity C-reactive protein.!** 
Additional conditions to rule out include gingival cysts and pregnancy-induced 
hyperplasia.!°’ A biopsy with histologic exam may be necessary in some instances 
to establish the proper diagnoses. 


RISK FACTORS 


Underlying gingival inflammation due to poor oral hygiene and dental plaques may 
increase risk of drug-induced gingival hyperplasia (Table 56-5).!2°!39!59 Men are 
more likely to develop gingival hyperplasia than women.!®? Exposure to a 
combination of medications such as cyclosporine and calcium-channel blockers 
may increase risk.!**!7° A prior history of developing gingival hyperplasia, weight 
gain, acne, hirsutism, or alopecia with the use of an anti-epileptic medication is 


2353 


associated with an increased risk of experiencing the same or additional side 
effects with repeat medication exposure or use of a different medication (37% 
chance with prior history versus 3% chance with no prior history).!*4 

Genetic mutations are thought to play a role in the development of gingival 
hyperplasia. Mutations in the cytochrome P450 2C9 (CYP2C9), an enzyme encoded 
by the CYP2C9 gene, have been associated with an increased risk of phenytoin- 
induced gingival hyperplasia (specifically, variant genotypes CYP2C9FNx012 and 
FNx013).!°! Polymorphisms of certain genes that modify the inflammatory response 
(e.g, MDR1 G2677T/A) have been associated with an increased likelihood of 
developing gingival hyperplasia due to calcitum-channel blockers.! 


MORBIDITY AND MORTALITY 


The aesthetic effects of gingival hyperplasia are often all that are considered, but 
the presence of this drug-induced disease can lead to difficulty with speaking and 
chewing, worsened oral hygiene, and even malnutrition. °%°!>? Although the 
medications do not typically affect the underlying bone, accumulation of bacteria 
within the pockets created by the gingival hyperplasia may lead to periodontitis and 
bone and tooth loss.!°4 Children in particular may develop abnormal swallowing 
and have difficulty with speech and chewing. 





PREVENTION 


Limiting the length and amount of drug exposure is the most effective method for 


prevention of all oral manifestations of systemically administered drugs (Table 56- 
1) i 


Table 56-10 Approaches to Help Prevent Drug-Induced 
Gingival Hyperplasia 








Drug Approach 
All ¢ Limit exposure (dose and duration) to drugs known to cause gingival 
hyperplasia 


¢ Prevent plaque-induced inflammation by good oral hygiene and 
preventative dental care 


Phenytoin 164,165 


* Folic acid supplementation 


Limited data suggest that the addition of folic acid to patients receiving 
phenytoin therapy may prevent the development of gingival hyperplasia.!*+!® 
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Because dental plaque plays such a large role in the development of gingival 
inflammation, patients receiving medications known to have a high incidence of 
gingival hyperplasia should be encouraged to follow a strict oral hygiene regimen, 
including plaque removal.!?° 


MANAGEMENT 


Primary treatment includes discontinuing the offending agent and performing good 
oral care. Surgery is usually unnecessary, but if required, gingivectomy or 
periodontal flap procedures would be the preferred options.!*°!©° Nonsurgical 
dental procedures, such as scaling and root planing of dental plaques and calculi, 
may help reduce the inflammatory component of gingival hyperplasia.!** For 
patients in whom discontinuing the offending agent is not a feasible option, there 
have been reports of improvement in gingival hyperplasia symptoms with the use of 
azithromycin 250 mg orally for 3—5 days. !©”!7! 


INFORMATION FOR PATIENTS 


Healthcare providers should be knowledgeable about medications known to induce 
gingival hyperplasia. When patients are prescribed an agent with the potential to 
cause this drug-induced disease, they should be educated regarding the importance 
of good oral care to help minimize risk. 


ORAL ERYTHEMA MULTIFORME 


Drug-induced erythema multiforme (EM) is an adverse reaction to systemic drugs 
that manifests as skin lesions. Erythema multiforme can be categorized as minor, 
major, or oral based on the severity and number of sites involved. EM minor is 
typically a localized eruption of the skin with minimal or no mucosal involvement, 
while EM major is more severe, potentially life-threatening, and often includes 
extensive mucosal involvement. With oral EM, patients have typical oral and lip 
lesions without lesions elsewhere on the skin. 


CAUSATIVE AGENTS 


The most common triggers of EM include the sulfa drugs and anticonvulsants; 
however, multiple other medications such as allopurinol, carbamazepine, and 


clindamycin, have also been implicated.!*!’7-!”> Table 56-11 lists drugs associated 
with oral EM _!422172-185 
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Table 56-11 Agents Implicated in Drug-Induced Oral Erythema 
Multiforme!4.22,172-185 





Level of 
Drug Incidence Evidence* 


Abacavir176 
Acetaminophen! 75,177 
Acetylsalicylic acid14 
Adalimumab178 
Allopurinoll4,172,175,179 
Amlodipine 14 
Amoxicillin—clavulanic acid175 
Arsenic 14,175 
Atazanavirl76 

Atropine 14 
Barbiturates179,180 
Barium contrast175 
Busulfan14,172,175 
Carbamazepine 14,173,174,175,179 
Cefuroxime 175 
Cephalosporins 175,179 
Chloramphenicoll4 
Chlorpropamide 14,175,179 
Ciprofloxacin175 
Clindamycin14,175,179 
Co-trimoxazole 14,174 
Codeine 14,175,179 
Cyclophosphamide 175 
Darunavir 176 

Delavirdine 176 

Diclofenac 14,174,175 


Didanosine176 





Z 
nw 


Z 
nw 


Z 
nw 





<3% 
13.8% 


Z 


Z| Z| Z2| Z| Z| 2 
WI 


Z 
nw 





Rare 


nw 


Aw 


Z| Z| Z Z 
Aw Aw 


1% 


Z| Z| Z| Z| Z|] 2 
MT 


Z 
‘a 


C 
C 
C 
C 
B 
C 
C 
C 
C 
C 
C 
C 
C 
B 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 





Z 
nw 


N 
ios) 
Nn 
ON 


Digoxin14,175 
Diltiazem14 
Dimenhydrinate 181 
DTaP vaccine 180 
Efavirenz176 
Ethambutoll4,175,179 
Etravirine 176 
Fluconazole 14 
Fluorouracill4 
Fosamprenavirl76 
Furosemide 14,175,182 
Gold14,22,175,179 
Griseofulvinl4 
Hepatitis B vaccine 14,180 
Hydralazine 175 
Ibuprofen! 74,175 
Indapamide 14 
Infliximab178,183 
Todides 175 
Ketoprofen! 75 
Lamotrigine 172 
Levofloxacin179 
Meclofenamic acid14 
Methotrexate 175 
Metoprololl 75 


Minoxidil! 4,175 





MMR vaccine 14,180 
Naproxen175 
Nevirapine 176 
Nifedipine 14 
Omeprazole 14 


Oral contraceptives 175,180 
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Penicillins 14,172,175,179,180 
Phenylbutazone 14,175,179 
Phenytoin14,172,174,175,179,180 
Piroxicam 14,175,179 
Progesterone 14,172,175 
Protease inhibitors 172,175,179 
Quinine 14 

Raltegravir176 

Retinoll 4,184 
Rifampin14,175,179,180 
Salicylates 174,175 

Saquinavir mesylate 176 
Sorafenib185 

Streptomycin14 

Sulfadiazine 175 

Sulfasalazine 14,175 

Sulindac 14 

Sulphonamides 172,174,175,180 
TB skin test175,180 
Tetracycline 14,175,179 
Theophylline 14 

Thiabendazole 175 

Tipranavir 176 

Tolbutamide 14,175,178 
Trimethoprim—sulfamethoxazole 175,178 
Valdecoxib175 

Valproic acid175 
Vancomycin14,175,180 
Verapamill 4,175 

Zidovudine 14,176 


NK = not known. 


aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 
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Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


ht ee) ee 





Although the prevalence of EM is estimated to be <1% (estimated incidence of 
0.8—6 cases per million individuals per year), it is thought to account for about 6% 
of all autoimmune disease of the oral mucosa.!/>!8° Approximately 90% of the 
cases of EM (all types) are triggered by an underlying herpes simplex virus (HSV) 
infection. Mucosal lesions may occur in 25-60% of patients with EM. Drug- 
induced EM accounts for <10% of all cases and usually presents as an isolated 


episode, rather than a recurrent or persistent condition. !®’ 


MECHANISMS 


The exact mechanisms responsible for drug-induced oral EM are unknown (Table 


56-12).!’*!87 Erythema multiforme is a Type 4 hypersensitivity reaction that 
involves T-lymphocyte-induced apoptosis in epithelial keratinocytes, which leads 
to cell necrosis.!”* A component of the mechanism is a cell-mediated immune 
reaction against an antigen.!®’ It has been found that the epidermal destruction with 
drug-induced EM is due to the cytokine tumor necrosis factor alpha, perforin, and 


granzyme B 187,188 


Table 56-12 Mechanisms of Drug-Induced Oral Erythema 


Multiforme 


* Cell-mediated immune reaction against an antigen 





187 


¢ Epidermal destruction due to the action of tumor necrosis factor alpha, perforin, and granzyme Bis? 


¢ Hypersensitivity reaction! /2 


* T-lymphocyte induced apoptosis !72 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Clinical presentation can vary from patient to patient, with lesions changing and 
evolving throughout the course of an eruption (Table 56-3).!/7!8?!% Fever may or 
may not be present prior to the onset of lesions, but oral EM often presents acutely, 
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with no prodrome and no widespread cutaneous involvement.!®° The earliest 
lesions usually resemble insect bites or urticaria, which may then enlarge and 
transform into the characteristic targetoid lesion.'*”!°! These lesions include a 
central area of necrosis surrounded by a red inflammatory area and a lighter 
erythematous periphery. !*?! Oral lesions may also present as erythema with some 
edema and progress to superficial erosions.!°? The initial occurrence of oral EM is 
typically limited to oral mucosal ulcerations and lip lesions, without any skin 
lesions or systemic symptoms. Subsequent episodes may involve more extensive 
body areas.!/4!80.!% Th oral EM, the skin and mucosal surface of the lips are the 
most commonly affected areas of the oral cavity.'” Lips may become swollen, 
cracked, bloody, and crusted. !72 

Conditions to consider in the differential diagnosis of oral EM include 
urticaria, Stevens—Johnson syndrome, fixed drug eruptions, Sweet syndrome, 
Rowell syndrome, herpes infection, and autoimmune lesions (i.e., pemphigus 
vulgaris, bullous pemphigoid) (Table 56-4).!°’ The diagnosis of EM is generally 
made based on patients’ clinical presentation. There is typically little need for 
culture or other laboratory testing!” 


RISK FACTORS 


HSV 1 and 2 are very common triggers of EM (reported in up to 90% of EM 
cases). Mycoplasma pneumonia infection may also trigger an EM eruption.!™ 
There is, however, no evidence to suggest infection with these agents increases the 
risk of drug-induced oral EM. Adults in their 20s are most at risk for EM, with a 
slightly higher risk in men than in women.!” There appears to be a genetic 
component to erythema multiforme, with a link to specific human leukocyte antigen 
(HLA) types HLA-DQ3, HLA-B15 (B62), HLA-B35, HLA-A33, HLA-DR53, and 
HLA-DQB1*0301 (Table 56-5).!7%!95 


MORBIDITY AND MORTALITY 


Mortality from oral EM has not been reported. Although initial reactions may be 
limited to the oral cavity, repeat outbreaks may cause more widespread lesions. 
Systemic EM can progress to Stevens—Johnson syndrome, an extensive blistering 
disease of two or more mucous membranes that causes the top layer of affected skin 
to be shed. Stevens—Johnson syndrome can be life-threatening. Pain caused by 
mucosal erosions in patients with EM can lead to poor oral intake of food and 
fluids. Esophagitis with esophageal strictures and upper airway erosions that lead 
to pneumonia are rare complications. !°7!% 


2360 


PREVENTION 


Limiting the length and amount of drug exposure is the most effective method for 
prevention of all oral manifestations of systemically administered drugs. No other 
specific preventive measures for drug-induced oral EM have been identified. 


MANAGEMENT 


In general, no specific treatment 1s needed for drug-induced oral EM, as lesions 
typically resolve in 2-4 weeks following removal of the offending agent. Severe 
cases may be associated with poor oral intake, requiring hospital admission for 
pain management and fluid and electrolyte replacement. Erythrocyte sedimentation 
rate, white blood cell count, and liver enzymes may be elevated in severe 
cases. !*?.!°9 Oral anesthetic solutions (e.g., viscous lidocaine) and antiseptic rinses 
(e.g., chlorhexidine) can be used for temporary relief of healing oral lesions. 
Severe mucosal EM may require an oral corticosteroid burst (e.g., prednisone 40— 
60 mg/day tapered over 2-4 weeks).!*’ Occasionally, systemic and/or topical 
antibiotics may be required to prevent secondary infection. 


INFORMATION FOR PATIENTS 


Patients with underlying HSV infections are at an increased risk of developing 
drug-induced oral EM. Patients receiving drugs known to be associated with oral 
EM should be instructed to notify their healthcare provider immediately if and 
when oral lesions begin to develop. 


ORAL LICHENOID DRUG REACTIONS 


Lichen planus (LP) is a chronic mucocutaneous inflammatory disorder of unknown 
etiology for which there currently is no cure. Oral lichenoid reactions (OLRs) are a 
variant of LP that can be due to drug exposure, local contact hypersensitivity, 
altered self-antigens, or superantigens. Oral lichenoid lesions can present with a 
wide range of features. 


CAUSATIVE AGENTS 


Drugs that may be associated with OLRs include nonsteroidal anti-inflammatory 
drugs, angiotensin converting enzyme inhibitors, allopurinol, methyldopa, B- 
blockers, glipizide, ketoconazole, sulfasalazine, and lithium, among others (Table 
13) 
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Table 56-13 Agents Implicated in Drug-Induced Oral Lichenoid 


Reactions 





Drug 
Abatacept202 


Adalimumab203,204 
Allopurinoll4,72,198,200,205,206 
Aminosalicylate sodium201 
Amlodipine72 

Amphotericin B201,207 
Aspirin20 1,207 

Atenolol! 96,200,201 
Atorvastatin72 

BCG vaccine 14 
Bismuth72,201,207 

Captoprill 4,72,205,206,208 
Carbamazepine 14,72,201,206,207,209 
Certolizumab203,210,211 
Chloroquine 14,72,201,205-207 
Chlorpropamide 1 4,72,201,205,206 
Cholera vaccine 14 
Cimetidine207 

Cinnarizine 14,206,212 

Clofibrate 14 

Clonazepam207 

Colchicine 14 
Dactinomycin201,207 

Dapsone 14,72,205 

Diazepam207 

Diflunisal201,206 

Enalapril72, 196,200,201,206 


Erythromycin72 


Incidence 
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Etanercept202 

Ethionamide 14 

Fenclofenac 72,206,207 
Furosemide72 
Gabapentin72 

Glipizide201 

Gold salts 14,72,201,205,206 
Griseofulvin14 


Hepatitis B vaccine 14,213 


Hydrochlorothiazide 196,197,199,201,206,214 


Hydroxychloroquine 14,72,201,207 
Ibuprofen201,207 
Imatinib201,215-217 
Indomethacin201,206 
Infliximab203,210,211 
Insulin201,207 

Interferon a14,72,133,218 
Isoniazid201,207 

Ketoconazole 14,72,201,206,207 
Labetaloll4,72,205,206 
Lisinoprill 4,214 

Lithium 14,201,206,207 

Lorazepam 14,207 

Mercury14,72 

Metformin 14 

Methyldopa 14,72,196,199-201,205,206 


Metoprololl 96,200,201 





Metronidazole 14 
Naproxen14,201,206,207 
Obinutuzumab219 
Omeprazole207 


Oral contraceptives 14 
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Oxcarbazepine201,207 
Penicillamine 14,72,201,205,206 
Penicillins 14 

Phenindione 14 
Phenobarbital220 
Phenylbutazone 14 
Phenytoin14,201,20 
Piroxicam14 

Prazosin14 

Procainamide 14,206 
Propranololl4,72,205,206 
Propylthiouracill4 
Quinacrine72,206 
Quinidine 14,72,201,206,207 
Quinine 14,201,206,207 
Ranitidine207 

Rifampin! 4,201,207 
Rituximab221 

Sertraline72 

Sildenafil72 
Spironolactone72,206 
Streptomycin] 4,72,201,207 
Sulfasalazine201,206 
Sulfonamides 14 
Sulindac201 
Temazepam207 
Tetracyclines 14,72,201,205-207 
Thalidomide222 
Thyroxine207 

Tolbutamide 14,72,201,205 
Tricyclic antidepressants201,207 


Triprolidine 14,72 
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Valproate sodium201 NK C 


Zidovudine 201,207 





BCG = Bacillus Calmette—Guérin, NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


EPIDEMIOLOGY | 
The incidence of OLRs is not clear. They may occur as a result of systemic drug 


exposure or local allergic contact.2?! OLRs may be clinically indistinguishable 
from oral LP, leading to difficulty with accurate diagnosis. 








MECHANISMS 


OLRs represent a hypersensitivity disorder to circulating antigens or local 
irritants.2*> There is a component of T-cell mediation via an autoimmune process in 
which CD8* T cells trigger apoptosis of oral epithelial basal cells. Medication- 
related OLRs are thought to be due, at least in part, to the active thiol group found 
in the chemical structure of certain medications.2°°?8 Another potential factor for 
the development of OLRs is related to polymorphisms of cytochrome P450 enzymes 
(CYP), specifically involving CYP-2D6, which leads to decreased metabolism of 


some medications (Table 56-14).72*72’ 


Table 56-14 Mechanisms of Drug-Induced Oral Lichenoid 


Reactions 





* Cytochrome P450 (CYP)-2D6 polymorphisms leading to decreased metabolism of medications220.227 


224 
223 po 


* Cytokine upregulation and lymphocyte recruitment 
* Hypersensitivity reaction to antigens or local irritants 
° Mast cell degranulation22* 


* T-cell mediated destruction of epithelial basal cells224 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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OLRs are commonly associated with ulcerations along the buccal mucosa and 
lateral borders of the tongue that contain characteristic white striations known as 
Wickham striae (Table 56-3).7/472?39 Pain usually accompanies the development 
of the ulcerations, although they may present as asymptomatic white reticular striae 
and plaques or painful swollen, red, eroded, or ulcerated lesions.””? The onset may 
be slow and patients may initially report a roughness on the lining of the mouth and 
sensitivity to hot or spicy foods as their first symptoms.*” 

The principal condition to consider in the differential diagnosis of an OLR is 


oral LP (Table 56-4).79!2231 Other conditions to rule out would include 
malignancy, graft versus host disease, lupus erythematosus, and chronic ulcerative 


stomatitis.2’? It has been suggested that a diagnosis based on a history of recent 
exposure to an inducing medication combined with consistent physical findings is 
appropriate, although well-established ulcerations may persist long after the culprit 


medication is discontinued." Biopsy of lesions caused by OLRs should contain 
immunoglobulin M and occasionally immunoglobulin A, immunoglobulin G, 


complement component 3, and colloid bodies containing  fibrin.2°° 
Histopathological features of the biopsy specimen may include hyperkeratosis, 


basal cell degeneration, and band-like inflammatory cell infiltration.7”? 


RISK FACTORS 


Few known risk factors have been linked to the development of OLRs (Table 56- 
5) 208,228,233 QLRs are more common in women, with a highest risk between the 
ages of 30 and 70 years.*** There may be a higher incidence of this reaction when 
medications contain a thiol group as part of their chemical structure.?9%78 


MORBIDITY AND MORTALITY 


Mortality is unlikely with OLRs. The presence of OLRs have been associated with 
moderate-to-high levels of self-reported anxiety.7*4 


PREVENTION 


Limiting drug exposure (dose and duration) is the most effective method for 
prevention of all oral manifestations of systemically administered drugs, including 
OLRs. 


MANAGEMENT 
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The most effective management strategy is removal of the causative agent. If this 
cannot be accomplished, the use of topical corticosteroids is recommended to help 
control symptoms. Corticosteroids are believed to act through their anti- 
inflammatory and immune-modulating properties. Beneficial results with medium- 
to super-potency topical agents such as clobetasol propionate 0.05% and 
betamethasone propionate 0.05% have been reported.””! Topical aloe vera has also 
been studied and may provide some pain relief.2*>?*° Mucosal protectants such as 
milk of magnesia may provide temporary relief. Immunosuppressive agents may be 
necessary in severe cases.~*” Topical tacrolimus has been studied and found to be 
an effective option for reducing signs and symptoms of OLRs as an alternative to 
topical steroids, particularly if patients are at risk for oral candidiasis.7*’ Topical 
acitretin may be used as well.7*’*°* Good oral hygiene should be encouraged to 
avoid infections.” 


INFORMATION FOR PATIENTS 


Reactions typically occur within the first 3 months of medication exposure but may 
be delayed up to a year.”°! Patients receiving drugs known to be associated with 
OLRs should be instructed to report any signs or symptoms of oral ulceration to 
their healthcare provider. 


OSTEONECROSIS OF THE JAW 


Cases of osteonecrosis of the jaw have become more common over the last decade 
due primarily to the widespread use of bisphosphonates. 


CAUSATIVE AGENTS 


Drug-induced osteonecrosis of the jaw has been commonly associated with the use 
of bisphosphonates, denosumab, bevacizumab, and sunitinib. These and other 


agents implicated in drug-induced osteonecrosis of the jaw are listed in Table 56- 
15,240-254 


EPIDEMIOLOGY 


The risk of osteonecrosis varies by causative agent. It has been reported in 5—12% 
of patients receiving bisphosphonates for treatment of metastatic 
malignancies.*>>°° The incidence in patients receiving zoledronic acid has been 
reported to be about 10%, with cumulative hazard ranging from 1% in the first year 
to 21% by 3 years. The overall risk with pamidronate appears to be lower, with a 
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cumulative hazard ranging from 0% in the first year of treatment to 4% in the third 
year of treatment.?°°7°’ The reported incidence of bevacizumab- and sunitinib- 
induced osteonecrosis (<0.001%) is significantly less than that reported for 
bisphosphonates. 


258 


Table 56-15 Agents Implicated in Drug-Induced Osteonecrosis 
of the Jaw 








Drug Level of Evidence* 
Alendronate241,249 C 
Bevacizumab243-245,250,251 B 
Denosumab242,251 C 
Etidronate249 NK C 
Ibandronate249 NK C 
Pamidronate241 249,252,253 Up to 18% B 
Risedronate249 NK C 
Sunitinib243,246-251,254 B 
Tiludronate249 C 
Zoledronic acid241,249,252 B 


NK = not known. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 


MECHANISMS 


The mandible and maxilla have a greater blood supply (leading to relatively high 
concentrations of the drugs associated with osteonecrosis) and faster turnover than 
other bones. Multiple mechanisms are thought to possibly play a role in 
bisphosphonate-induced osteonecrosis of the jaw, including osteoclast inhibition 
leading to loss of maintenance of the capillary network within the bone and to 
insufficient bone deposition and remodeling, downregulation of matrix 
metalloproteinases, and increased osteoclast apoptosis and prevention of osteoclast 
development from bone marrow precursors and monocytes.*>”*°* A spontaneous 
mucosal breakdown, injury, or invasive jaw surgery can cause bone exposure and 


failure of healing in necrotic bone.7*! 
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Osteonecrosis caused by denosumab, bevacizumab, and sunitinib is related to a 
drug-induced decrease in bone turnover and inhibition of host defense mechanisms. 
Denosumab is known to act on receptor activator of nuclear factor kappa-B ligand 
(RANKL) to inhibit the formation and activity of osteoclasts.7°*?° Bevacizumab 
targets vascular endothelial growth factor (VEGF) and prevents blood vessel 
growth, and sunitinib interferes with VEGF receptors leading to inhibition of 
neoangiogenesis.7>”> Possible mechanisms for drug-induced osteonecrosis of the 
jaw are listed in Table 56-16.7°”? 


Table 56-16 Mechanisms of Drug-Induced Osteonecrosis of the 





Jaw 
Drug Mechanism(s) 
Bisphosphonates * Down-regulation of matrix metalloproteinases~? 
* Increased osteoclastic apoptosis 
* Osteoclast inhibition leading to insufficient bone 
deposition and remodeling 9 
¢ Prevention of osteoclast development20!.262 
Bevacizumab ¢ Prevention of blood vessel growth via VEGF2>9 
Denosumab ¢ Inhibition of formation and activity of osteoclasts 
via RANKL?©3-265 
Sunitinib 


¢ Inhibition of neoangiogenesis via VEGF2>4 
RANKL = receptor activator of nuclear factor kappa-B ligand, VEGF = vascular endothelial growth factor. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Clinical presentation of drug-induced osteonecrosis of the jaw may include 
asymptomatic exposed bone discovered on oral exam, exposed bone with 
associated pain, mobile teeth, cutaneous fistula, mucosal fistula, or bone exposed 


through the skin (Table 56-3).74!7°°°7 Absent or delayed tissue healing after dental 
extractions may be one of the first signs.7%°’ Early stages of drug-induced 
osteonecrosis cannot be detected via x-ray.©° Oral lesions may form with as little 
as 4 months of exposure to bisphosphonates, but the average time to onset is 9-14 
months following medication initiation.*4!7°°° The time course for onset of 
osteonecrosis due to the nonbisphosphonates has not been fully elucidated. 
Osteonecrosis can affect both the maxilla and the mandible, with the mandible 


affected more often.”“° Once osteonecrosis has developed, colonization or infection 
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with Actinomyces may occur. Actinomycosis is a chronic, polymicrobial infection 
that leads to frequent abscess formulation and multiple fistulae.7”°77! 

Conditions to consider in the differential diagnoses of drug-induced 
osteonecrosis include fungal infection secondary to immunocompromised status in 
patients receiving chemotherapy and osteoradionecrosis (Table 56-4).74” 


RISK FACTORS 


The greatest risk factors for the development of drug-induced osteonecrosis of the 
jaw include a duration of exposure to causative agents >6 months and the 
formulation of the bisphosphonate selected (Table 56-5).740.749.2>!257266 Intravenous 
bisphosphonate administration has been associated with a greater risk than oral 
preparations.*“? One meta-analysis found that of 383 reports of bisphosphonate- 
associated osteonecrosis, 94% of the patients were receiving an intravenous 
bisphosphonate (primarily as treatment for various forms of cancer) while only 15 
patients were receiving an oral bisphosphonate for the treatment of osteoporosis.*°? 
Combination treatment with a bisphosphonate and bevacizumab or sunitinib has 
been shown to increase the risk of osteonecrosis development while decreasing the 
latency period.*°! Additional risk factors include the presence of multiple 
myeloma, cancer that has metastasized to the bone, dental extractions, surgical bone 
manipulation, trauma from dentures, presence of oral infections, and overall poor 
oral health.7°° 


MORBIDITY AND MORTALITY 


Mortality attributed directly to drug-induced osteonecrosis has not been mneded: 
However, drug-induced osteonecrosis often progresses despite treatment, leading 


to additional complications associated with cancer treatment and nutrition.” 


Symptoms may range from nonexistent to severe, with severe cases causing 
pain, sequestration of bone, and sinus tracts that drain to the skin surface. 
Necrotic exposed bone typically remains structurally strong enough to support 
normal daily jaw function, but may become secondarily infected, leading to pain, 
cellulitis, and fistula formation.4! Paresthesia may develop if the area of 
osteonecrosis impacts the trigeminal nerve. 
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Table 56-17 Approaches to Help Prevent Drug-Induced 
Osteonecrosis of the Jaw 






Prevention 
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Bisphosphonates * Avoid bisphosphonate initiation within 1 month of 
invasive dental procedures (i.e., tooth removal, 


periodontal surgery, root canal)241 


* Avoid tooth removal whenever possible24! 
* Completion of dental care prior to treatment 


initiation24? 


* Dental surveillance every 4 months while receiving 


bisphosphonate treatment2*! 





PREVENTION 


Limiting drug exposure (duration and dose) is the most effective method for 
prevention of all oral manifestations of systemically administered drugs. Table 56- 
17 suggests additional steps that can be considered.*4!*4? Whenever possible, 
dental work should be completed prior to initiating therapy with drugs known to 
cause osteonecrosis. The goal is to control existing oral disease (to help eliminate 
factors that could cause mucosal irritation) and to obviate the need for invasive 
dental procedures in the near future.7*!7? Bisphosphonate therapy should not be 
initiated within 1 month of invasive dental procedures (e.g., tooth removal, 
periodontal surgery, root canal therapy) to allow for bone recovery and healing. 
Dental surveillance every 4 months for patients receiving bisphosphonate therapy 1s 
recommended. In patients receiving bisphosphonate treatment, tooth removal should 
be avoided, and, if unavoidable, amputation of the crown and root canal treatment 
is a better option than full tooth extraction. If a tooth is demonstrating mild-to- 
moderate mobility, it should be splinted rather than removed. If the mobility is 
severe or an abscess is present, it 1s likely that osteonecrosis is already present and 
removal of the tooth and treatment with antibiotics is the best option.”*! 


Screening to identify patients at risk for developing osteonecrosis 1s 
recommended. Assessment should include inquiries regarding current or past 
history of bisphosphonate use, changes in the mouth including odor, swelling, or 
discharge, and/or the presence of jaw pain or toothache.*°* 


MANAGEMENT 


Treatment of bisphosphonate-induced osteonecrosis of the jaw should be directed 
at eliminating or controlling pain and preventing progression of the exposed bone. 
Patients with exposed bone should be treated with long-term systemic antibiotics 
(e.g., penicillin, clindamycin) and an oral antimicrobial rinse (e.g., chlorhexidine 
gluconate) and should be closely followed. Antibiotics may need to be continued 
for more than a year and metronidazole may be necessary for patients who do not 


respond adequately to an initial course of antibiotics.”4!?* Extensive debridement 
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may lead to larger areas of exposed, painful, and infected bone and should be 
avoided. Complete healing may not occur, but painful symptoms can be alleviated. 
If osteonecrosis of the jaw leads to the development of a cellulitis requiring 
intravenous antibiotics, treatment should include  ampicillin—clavulanate, 
ciprofloxacin, or erythromycin, along with metronidazole.**! There is no clear 
evidence demonstrating that discontinuation of bisphosphonate therapy leads to 
improved short-term healing because exposure persists due to the extended half-life 
of the medications. Bisphosphonate therapy should be discontinued in patients who 
develop osteonecrosis of the jaw except when a cancer-related indication for 
continued therapy exists.24!°° 

No specific treatment recommendations are available for osteonecrosis caused 
by nonbisphosphonate medications. Precautions should be taken when performing 
dental surgery or periodontal treatment in patients receiving bevacizumab, 
sunitinib, and denosumab.?>! 

In contrast to radiation-induced osteoradionecrosis, hyperbaric oxygen therapy 
is not an effective treatment option for drug-induced osteonecrosis of the jaw.7 
Attempts to revascularize the bone may appear promising (with favorable initial 
response and healing), but long-term success is unlikely due to the extended period 
of time the drug remains concentrated within the bone.?”* 


INFORMATION FOR PATIENTS 


The risk of drug-induced osteonecrosis of the jaw is highest in patients receiving 
intravenous bisphosphonates for cancer treatment. The risk of developing this 
complication as a result of orally administered drugs used to treat osteoporosis is 
small. Patients receiving drugs known to be associated with osteonecrosis of the 
jaw should be encouraged to talk to their healthcare provider if they notice any 
changes such as ulceration, loose teeth, or exposed bone. Patients should be 
advised not to discontinue treatment with bisphosphonates without first talking to 
their healthcare provider. 
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CHAPTER 57 


Neoplastic Diseases 


Sandra Cuellar and Christina Mactal Haaf 


Malignancy is an unfortunate known consequence of some medications. These 
malignancies can be aggressive and often lead to significant morbidity and 
mortality.'* The agents most often implicated include those that alter the immune 
response (e.g., immunosuppressants), those that affect cellular proliferation (e.g, 
hormones, chemotherapeutic agents), and those that cause mutations (e.g., alkylating 
agents). 

Drug-induced malignancies are difficult to study because they may not emerge 
until long after treatment with the culprit agent is completed. In addition, drug- 
induced malignancies may not occur frequently enough to permit definitive 
assignment of causality to particular agents. Many medications are given in 
combination, which can add to the difficulty in making a determination of causation, 
as can a number of patient-specific factors, including age and the presence of 
concomitant disease states. 

Research in oncology has led to the unprecedented development of novel 
treatment and management strategies that incorporate tumor biology and 
cytogenetics. The field of oncology is dynamic and changes in management 
algorithms occur frequently. Therefore, referring to National Comprehensive 
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Cancer Network (NCCN) for current national treatment guidelines is recommended 
for healthcare providers who treat patients diagnosed with cancer. 


LEUKEMIA 


Therapy-related leukemia can arise from either lymphocytes or myeloid cells. The 
occurrence of acute lymphoblastic leukemia (ALL) after chemotherapy is rare; 
reports indicate these represent 1.2-2.5% of adult ALL cases.* The most common 
form of secondary leukemia is myeloid leukemia, which represents 8—10% of all 
acute myeloid leukemias (AML).? The World Health Organization updated the 
classification of myeloid neoplasms and acute leukemia in 2016.7 In general, 
therapy-related myeloid neoplasms (t-MN) represent a heterogeneous and poorly 
defined group of patients with multiple and varied poor prognostic features. 
Patients with t-MN have poorer survival compared to those with de novo AML, 
myelodysplastic syndrome (MDS), or myelodysplastic 
syndrome/myeloproliferative neoplasm (MDS/MPN). MDS/MPN are forms of 
bone marrow failure that often evolve to AML.° 


CAUSATIVE AGENTS 


Table 57-1 lists the agents implicated in therapy-related leukemia; the most 
notorious include the alkylating agents and topoisomerase inhibitors. Several other 
culprits exist for t-MN. Those include azathioprine, lenalidomide 
(immunomodulatory agent), olaparib (poly ADP-ribose polymerase inhibitor), 
granulocyte colony-stimulating factor (G-CSF), and tumor necrosis factor (TNF) 
alpha inhibitors. TNF alpha inhibitors (infliximab, etanercept, adalimumab, 
certolizumab pegol, golimumab) have primarily been implicated in_ the 
development of lymphomas; however, case reports of AML have been observed in 
postmarketing settings.° 





Table 57-1 Agents Implicated in Drug-Induced Neoplastic 






Diseases 





Level of Evidence* 


Incidence 


LEUKEMIADb 


Cyclophosphamide/doxorubicin 147 0.24—0.48% 


Etoposide 12 0.6% 
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Filgrastim (G-CSF)25 
Lenalidomide30 
MOPP9 

Olaparib23 


TNF alpha inhibitors 
LYMPHOMAc 


Antithymocyte globulin148 
Azathioprine 148 

Cyclosporine 148 

Muromonab CD3 (OKT3) 149,150 
Tacrolimus 148 

TNF alpha inhibitors 151 

SKIN CANCERc 
Antithymocyte globulin149,150 
Azathioprine 152 

BRAF inhibitors (dabrafenib, vemurafenib) 153 
Cyclosporine 154 

Oral contraceptives 155,156 
Muromonab CD3 (OKT3)157 
Selenium68 

Tacrolimus 158 

TNF alpha inhibitors 159 
Voriconazole 160 


BREAST CANCER 
Estrogen88 


Estrogen + progestin88,90 


ENDOMETRIAL CANCER 
Estrogen120 


Tamoxifenl61 


BLADDER CANCER 
Cyclophosphamide 136 


Pioglitazone 133 





Up to 0.7% 
Up to 5.3% 
2.9% 
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3%d 
2.7%€ 
2.4%f 

Up to 1.8% 


0.1% 
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0.7% 


0.2% 
11.2%g 
15-30% 


1.2%h 


17% 
1.27%i 
Up to 30% 
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20% 


Up to 40%l 


1.62% 


Up to 10%m 





0.23% B 
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BRAF = B-rapidly accelerated fibrosarcoma, G-CSF = granulocyte colony-stimulating factor, MOPP = 
mechlorethamine, vincristine, prednisone, and procarbazine, NK = not known, TNF = tumor necrosis factor. 
aDefinitions for Levels of Evidence: Level A—evidence from one or more randomized, controlled clinical trials; 


Level B—evidence from nonrandomized clinical trials, prospective observational studies, cohort studies, 
retrospective studies, case-control studies, meta-analyses and/or postmarketing surveillance studies; and Level 
C—evidence from one or more published case reports or case series. 

bIncidence figures reported are often combined acute myelogenous leukemia/myelodysplastic syndrome. 


cWith the exception of BRAF inhibitors used for the treatment of skin cancer, the incidence figures for 


lymphoma and skin cancer are variable depending on organ transplanted, cumulative dose of 
immunosuppressants, concomitant immunosuppressants, and time since transplant. Intensity and duration of 
immunosuppression seem to be more closely correlated with risk than is use of any individual agent. Figures 
represented are for medication given in combmation with other drugs on the list, as it is rare for these 
medications to be given alone. Refer to footnotes for details and text for further explanation. 

dAs induction prior to renal transplant, after 20 years of follow-up. Maintenance immunosuppressants included 


cyclosporine, prednisone, and azathioprine. Patients receiving same regimen without antithymocyte globulin 
induction had a 3% incidence after same duration of follow-up. 
eRenal transplant recipients, at average follow-up of 86.5 months, combined with prednisolone. 


fRenal transplant recipients, “normal dose” (trough concentrations 150-250 ng/mL) after mean follow-up of 5.5 


yr of use alone (5%), with azathioprine (77%) or with prednisolone (18%). Lower incidence in comparator 
group (lymphoma, 0.86%; skin cancer, 14.7%) randomly assigned to “low-dose” cyclosporine (trough 
concentrations 75—125 ng/mL). 

gRenal transplant recipients, at 2 yr, with mycophenolate mofetil and no induction. 


hRenal transplant recipients, 17% also received azathioprine (follow-up variable; maximum, 10 yr). 
iRenal transplant recipients, at 3 yr. Meta-analysis, all regimens included azathioprine or mycophenolate with or 


without steroids. 
jAfter =10 yr of use. 


kAfter average of 5.6 yr of use. 
IFollowing only 1 year of unopposed estrogen use. 


mFollowing median dose of 113 g, after 15 yr of follow-up. 


The alkylating agents associated with t-MDS/t-AML include 
cyclophosphamide, ifosfamide, mechlorethamine, melphalan, — busulfan, 
nitrosoureas, chlorambucil, dacarbazine, and platinum compounds such as 
cisplatin. > Mechlorethamine and melphalan are associated with a higher rate of t- 
AML than other alkylators. Previous Hodgkin lymphoma chemotherapy regimens 
that included mechlorethamine resulted in high rates of t-AML, whereas more 
modern doxorubicin-based regimens consisting of doxorubicin (Adriamycin), 
bleomycin, vinblastine, and dacarbazine (often referred to as ABVD) are not 
associated with increased risk.’ Bhatia et al.? found the cumulative probability of 
leukemia 15 years after diagnosis of Hodgkin lymphoma to be 2.9% in patients who 
received mechlorethamine, vincristine, procarbazine, and prednisone (MOPP) as 
compared to 0.9% among patients who received ABVD for Hodgkin lymphoma. 
Therefore, the MOPP regimen is obsolete and ABVD is the standard of care for 
patients diagnosed with Hodgkin lymphoma. The topoisomerase inhibitors 
associated with t-AML include the epipodophyllotoxins (e.g., etoposide, 
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teniposide) and the intercalating agents, mitoxantrone and doxorubicin. 
Mitoxantrone- and doxorubicin-associated t-AML have been reported in the 
literature; however, the incidence is not well defined.!° The administration 
schedule of epipodophyllotoxins may be as important as, or even more important 
than, the cumulative dose. This theory of schedule-dependent elevated risk is 
plausible because epipodophyllotoxins are cell cycle-specific agents and 
differences in antitumor effect have been noted for different schedules. For 
example, administration of etoposide daily for 5 days is more active than 24-hour 
continuous infusion of the same total dose. Results from a study conducted by Pui et 
al.'! suggested that patients who received weekly or twice weekly administration 
for prolonged periods were approximately 12 times more likely to develop AML 
versus other less frequent schedules. A Cancer Therapy Evaluation Program review 
also supported the theory that cumulative dose may not be as important as schedule. 
In their study, the likelihood of t-AML after treatment with epipodophyllotoxins 
was not dose-dependent. The 6-year cumulative incidence of t-AML in groups that 
received low (1.5 g/m’), moderate (1.5-2.99 g/m’), and higher (>3 g/m’) 
cumulative doses of etoposide was 3.3%, 0.7%, and 2.2%, respectively. !7 The risk 
of t-AML from regimens that include epipodophyllotoxins (such as etoposide) at 
doses of 5 g/m or less administered daily for 2-5 days does not appear to 
increase. Therefore, most etoposide containing chemotherapy regimens include 
daily administration for 3—5 days. !°-!2 


EPIDEMIOLOGY 


According to the American Cancer Society, about 60,000 new cases of leukemia 
(all types) will be diagnosed in 2018. The exact incidence of therapy-related 
MDS/AML is unknown. Reports suggest that therapy-related MDS/AML account 
for 5—20% of all AML cases, which are the result of exposure to chemotherapy 
and/or radiation for treatment of a primary malignancy. ’!>7? The incidence of MDS 
is not well defined in the literature. Therapy-induced ALL occurs less frequently 
than t-AML (incidence of approximately 1.2% versus 2.5%).> 


t-AML is reported following the treatment of a variety of malignancies, 
including Hodgkin and non-Hodgkin lymphoma (NHL), ALL, breast cancer, ovarian 
cancer, and multiple myeloma. The incidence of t-AML after treatment of these 
diseases varies greatly, with the highest risk reported in patients who have been 
treated for Hodgkin lymphoma. In these patients, the incidence of AML may be 10- 
to 80-fold greater than that in the general population. The cumulative risk for 
MDS/AML in Hodgkin lymphoma is reported to be 0.3—-10.2%, with a lower 
incidence associated with the doxorubicin-based regimen (ABVD) and a higher 
incidence related to use of a mechlorethamine-containing regimen such as MOPP. 
The cumulative incidence of MDS and/or AML among patients with breast cancer 
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treated with the topoisomerase Il-targeting drug, doxorubicin, and_ the 
deoxyribonucleic acid (DNA) alkylating agent, cyclophosphamide, has been 
reported to be 0.27%.'* In a more recent study, the cumulative frequency was 
0.24% at 5 years and 0.48% at 10 years. Patients included in the latter study were 
treated with four cycles of doxorubicin plus cyclophosphamide. Overall, the risk in 
breast cancer patients is small, and benefits outweigh risk. Testicular cancer 
represents another solid tumor in which there is an increased risk of t-AML after 
chemotherapy use at a cumulative dose of 650 mg of cisplatin (approximate relative 
risk of 3.2, 95% CI 1-8.4). The increased risk appears to be related to the 
cumulative dose of cisplatin rather than etoposide, with larger doses of cisplatin 
(=1,000 mg) associated with approximately a sixfold increased risk. As with 
patients with other cancer types, patients with testicular cancer may receive 
therapies such as radiotherapy known to increase the risk of developing leukemia. !° 


Other chemotherapy agents such as azathioprine have also been linked to 
leukemogenesis. Azathioprine is classified as an antimetabolite. Unlike alkylating 
agents, antimetabolites do not damage DNA. Reports have largely involved patients 
with prolonged use of azathioprine to treat autoimmune conditions. The reported 
cumulative doses of azathioprine have varied from 19 to 400 g and the duration of 
use varied from 2 to 12 years. It is unclear whether the association between 
azathioprine and t-MN is dose/duration related. Published reports suggest that 
patients who develop t-MN may have other risk factors (e.g., use of other 
immunosuppressants and/or concomitant autoimmune diseases) that may contribute 
to the development of t-MN.!° 


The incidence of other therapy-related neoplasms such as AML and MDS has 
been reported with the use of lenalidomide in multiple myeloma patients.!7 
Although other immunomodulatory agents, such as thalidomide and pomalidomide, 
are used to treat multiple myeloma, secondary neoplasms have been primarily 
reported with lenalidomide use in the maintenance treatment setting. In patients 
with multiple myeloma, maintenance therapy is proposed to control the 
proliferation of residual malignant cells after transplantation.!”!? There are 
postmarketing case reports of t-MN with thalidomide and pomalidomide, and these 
agents are not used in the maintenance setting.*°! In clinical trials, patients treated 
with lenalidomide for multiple myeloma had increased risk of development of 
AML and MDS. One of the landmark trials that investigated lenalidomide 
maintenance therapy was among the first to report secondary malignancies. The 
pivotal phase III study was conducted in newly diagnosed multiple myeloma 
patients who received autologous stem cell transplants followed by consolidation 
treatment with lenalidomide (25 mg per day, on days 1—21 of each 28-day cycle for 
two cycles), followed by maintenance therapy with lenalidomide (10 mg per day 
for first 3 months, increased to 15 mg if tolerated). Treatment with lenalidomide 
continued until the patient progressed or unacceptable toxic effects occurred. The 
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incidence of hematologic cancers (AML, MDS, Hodgkin lymphoma, and non- 
Hodgkin lymphoma) was 4% compared to 2% in the placebo arm. Of the patients 
who had secondary malignancies, several had received induction therapy with 
dexamethasone, cyclophosphamide, etoposide, and cisplatin or had undergone two 
transplantations and received lenalidomide maintenance therapy for at least 2 
years.!’ The frequency of hematologic cancers was reported to be 5.3% in the 
newly diagnosed multiple myeloma patients who received lenalidomide in 
combination with oral melphalan. The frequency was approximately 5.2% 
following high-dose intravenous melphalan and autologous stem cell transplant. 
The reported frequency of AML/MDS was lowest (0.4%) when lenalidomide was 
combined with dexamethasone alone.” In the aforementioned studies, all patients 
had previous DNA damaging chemotherapy that might contribute to AML/MDS 
rates. This makes it difficult to ascertain which therapy is responsible for 
secondary malignancy. 


Olaparib is a novel agent approved in the United States in 2014 for treatment of 
BRCA positive advanced ovarian cancer. MDS/AML was reported in 1% (22 of 
2,618) of patients treated with olaparib across clinical trials. The duration of 
olaparib therapy varied from <6 months to >2 years.”* All patients had previous 
DNA damaging chemotherapy, which may contribute to AML/MDS rates. 


Knowledge of TNF alpha inhibitor-induced myeloid neoplasms, such as 
leukemia, is limited to information gleaned from case reports.° 


MECHANISMS 


In general, t-MN is thought to result from mutations induced by chemotherapy or by 
selection of a clone that has an increased risk of a mutation due to a certain 
phenotype (Table 57-2).74 With respect to specific chromosome deletions, at least 
one and possibly two alleles of a tumor-suppressor gene may need to be deleted or 
inactivated. However, balanced translocations (e.g., involving the MZL gene at 
11q23) can produce activation of fusion oncogenes that transform hematopoietic 
progenitor cells. The latter type of genetic transformation is thought to require a 
relatively smaller number of genetic events before becoming leukemogenic, 
perhaps explaining why t-AML associated with the use of topoisomerase inhibitors 
occurs earlier than with alkylating agents.” 


Topoisomerase inhibitors block either the topoisomerase I or II enzyme, 
resulting in a permanent DNA strand break. Although the chromosomal breakage 1s 
important to the antineoplastic activity of these agents, it is also thought that these 
breakages result in chromosomal translocations that lead to secondary leukemia. In 
locations critical to transcription, such as the MZL gene, a change in the genomic 
function due to a translocation is likely important in the genesis of secondary AML. 
The rearrangements in the MLL gene occur within undifferentiated cells and can 
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therefore result in lymphoid (e.g., in conjunction with chromosome 4) and myeloid 
(e.g., in conjunction with chromosome 9) leukemia.’ The induction of t-AML with 
colony-stimulating factor use is thought to be related to the potential to promote 
proliferation of cells previously damaged by chemotherapy.** Patients diagnosed 
with congenital neutropenia experience lifelong low neutrophil counts and require 
long-term treatment with G-CSF. Long-term effects have been investigated in this 
population of patients. Although the data are unclear, a higher leukemic 
transformation rate (approximately 21%) has been reported in patients with severe 
congenital neutropenia. It is important to note that leukemic transformation has been 
reported in this patient population prior to G-CSF therapy. The precise role of G- 
CSF therapy in leukemic transformation remains unknown.”° 


Table 57-2 Selected Mechanisms of Drug-Induced Neoplastic 


Diseases 





Mechanism 


LEUKEMIA 


Carmustine Cause DNA strand breaks resulting in chromosomal translocations/damage and 
alteration of key genes 


Chlorambucil 
Cyclophosphamide 
Mechlorethamine 
Melphalan 


Doxorubicin Induce translocations producing activation of oncogenes that transform 
hematopoietic cells 


Epirubicin 
Etoposide 
Mitoxantrone 
Teniposide 
Filgrastim (G-CSF) Induce proliferation of hematopoietic cells previously damaged by chemotherapy 
Sargramostim (GM-CSF) 
LYMPHOMA 
Cyclosporine 
Antithymocyte globulin 


Increases TGF-B and VEGF 


Suppression of immune surveillance, allowing proliferation of oncogenic viruses and 
inhibiting clearance of abnormal cells 


Azathioprine 

Cyclosporine 

Muromonab CD3 (OKT3) 
Tacrolimus 


SKIN CANCER 


Cyclosporine Increases TGF-B and VEGF 
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Antithymocyte globulin Suppression of immunosurveillance, allowing proliferation of oncogenic viruses and 


inhibiting clearance of abnormal cells 







Azathioprine 
Cyclosporine 
Muromonab CD3 (OKT3) 
Tacrolimus 











BREAST CANCER 

Estrogen Covalent binding to DNA may cause mutations; metabolites act as tumor 
promoters; causes tumor cell proliferation via estrogen receptors 

Progestin Causes tumor cell proliferation via progesterone receptors 

ENDOMETRIAL CANCER 

Estrogen Induces proliferation of endometrium, which can transform to cancer 

Tamoxifen Induces proliferation of endometrium, which can transform to cancer; increases 
activation of pro-oncoenic genes; induces high mitotic rate in endometrial polyps 

BLADDER CANCER 

Cyclophosphamide Metabolites form DNA adducts, leading to mutation and carcinomatosis 

Pioglitazone Agonism of PPARs on urothelial cells in bladder 


PPAR = peroxisome proliferator-activated receptor, TGF-B = transforming growth factor beta, VEGF = 
vascular endothelial growth factor. 


The mechanism by which lenalidomide may increase risk of AML and MDS has 
not been fully elucidated. Unlike cytotoxic chemotherapy, lenalidomide shows no 
mutagenic potential in extensive genotoxicity studies performed during its 
development. Other complex issues in this patient population that may contribute to 
secondary neoplasms include treatment factors (previous alkylating agents, stem 
cell transplant, radiotherapy), myeloma-related factors, and _host-related 


factors. 1822.26 


Poly ADP ribose polymerase inhibitors are a relatively newer drug class in 
oncology. These agents have been investigated for use in several solid tumors, 
especially breast cancer and ovarian cancer. t-MN have been reported with 
olaparib use; however, the mechanism has not been fully elucidated. Previous 


therapy with alkylating agents may also contribute to secondary neoplasms in the 


ovarian cancer population.” 


The mechanism by which G-CSF can cause leukemic transformation is not fully 
elucidated. The use of G-CSF 1s not limited to the oncology population, but also 
occurs with patients who have severe congenital neutropenia (SCN). These patients 
experience neutropenia for life and require long-term treatment with G-CSF. The 
SCN international registry reported a 10-year follow-up of SCN patients (n = 526) 
treated with G-CSF. They found that 21% of patients with SCN developed leukemia 


while being treated with G-CSF.*° 
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Understanding the mechanism by which TNF-alpha inhibitors induce myeloid 
neoplasms is challenging for several reasons. Patients treated with TNF-alpha 
inhibitors likely have disease-related risk factors that predispose them for higher 
risk of cancer (such has previous therapies) as well as diseases that are associated 
with chronic inflammation that leads to chronic cellular proliferation. As a result, 
these patients are at higher risk for malignant processes. Diseases with chronic 
inflammation have been associated with a higher risk of development of both 
hematologic and solid tumor malignancies. Examples of diseases associated with 


chronic inflammation include rheumatoid arthritis, Crohn disease, and psoriasis.°~’ 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Signs and symptoms of t-MN are listed in Table 57-3. The diagnostic workup is 
identical for either de novo or t-AML and includes a complete blood cell count 
(CBC) with differential followed by a bone marrow biopsy or aspiration. tt AML 
typically occurs earlier than other types of secondary cancers, with time to 
presentation dependent on the causative agent used. There is usually a longer 
latency (3—8 years) between exposure to alkylating agents and the occurrence of t- 
AML compared to topoisomerase inhibitor-induced malignancy (typically 
presenting in 2—3 years). Patients who develop alkylator-related AML often present 
with MDS, although this rarely occurs in patients with AML-associated 
topoisomerase inhibitor use. Cytogenetic abnormalities are present in 
approximately 80% of patients with t-AML/t-MDS. The most commonly identified 
chromosomal abnormalities differ between drug classes. The most common 
abnormalities after treatment with alkylating agents are found in either chromosome 
5, chromosome 7, or both, each of which undergoes complete or partial deletion. 
Balanced translocations involving the MLL gene on the 11q23 locus are the most 
common abnormalities with the use of topoisomerase inhibitors.” 


Conditions that should be considered in the differential diagnosis of drug- 
induced myeloid neoplasms are listed in Table 57-4. 


Table 57-3 Signs and Symptoms Associated with Drug-Induced 





Neoplastic Diseases 


Leukemia 


* Anemia 

* Bone pain 

¢ Bruising/bleeding 

¢ Dyspnea on exertion 
* Fatigue 
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* Fever/chills 

¢ Leukopenia/leukocytosis 
¢ Lymphadenopathy 

¢ Thrombocytopenia 

¢ Weight loss 


Lymphoma 


¢ Abdominal pain 

¢ Anemia 

* Chest pain 

* Fatigue 

° Fever 

* Hepatosplenomegaly 
* Lymphadenopathy 

* Neutropenia 

* Night sweats 

¢ Thrombocytopenia 


Skin cancer 


¢ Abnormal sensation in skin 

¢ Abnormal skin lesion (asymmetric, irregular border, abnormal color and/or texture, size >6 mm) 
¢ Skin lesion that rapidly changes 

¢ Skin ulceration, crusting 


Breast cancer 


¢ Abnormality in breast tissue (e.g., lump, erythema, induration) 
¢ Breast pain/tenderness 

* Nipple pain/tenderness 

* Nipple retraction/discharge 

* Upper extremity edema 


Endometrial cancer 


¢ Dysuria 
* Pelvic pain 
* Vaginal bleeding 


Bladder cancer 


* Dysuria 

¢ Flank pain 

* Hematuria 

¢ Increased urinary frequency 


Table 57-4 Conditions to Consider in the Differential Diagnosis 





of Drug-Induced Neoplastic Diseases 


Leukemia 


¢ Aplastic anemia 
* Infection 
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Lymphoma 


¢ Infection 


Skin cancer 


* Nonmalignant dermatologic disorder (e.g., psoriasis, eczema, actinic keratoses, seborrheic keratoses) 


Breast cancer 


* Nonmalignant breast cyst/calcification 
* Nonmalignant dermatologic disorder 
* Other malignancy (e.g., soft tissue tumors) 


Endometrial cancer 


¢ Endometriosis 
* Pelvic inflammatory disease 
¢ Uterine fibroids 


Bladder cancer 


* Hemorrhagic cystitis 
¢ Urinary tract infection 


RISK FACTORS 


Risk factors for t-MN are listed in Table 57-5. Although the main risk factors for t- 
MN are exposure to certain types of anticancer drugs or radiation therapy, data also 
reveal a greater risk among patients with a prior cancer in general. This suggests an 
inherent increased susceptibility in this patient population, and several genetic 
factors thought possibly to confer increased risk are now being studied. Because t- 
AML develops in only a small proportion of patients exposed to alkylating agents 
or topoisomerase inhibitors, there are likely host factors that are critical to the 
development of this drug-induced disease. Polymorphisms in drug-metabolizing 
enzymes may be involved in susceptibility to t-AML. For example, the CYP3A4 
wild-type genotype may result in increased production of reactive intermediate 
metabolites of epipodophyllotoxins that can damage DNA. Additionally, an 
increased rate of t- AML has been found among carriers of homozygous mutations in 


the NOO/ gene.’ 





Table 57-5 Risk Factors for Drug-Induced Neoplastic Diseases 


Leukemia 


* History of malignancy 
¢ Host factors resulting in individual susceptibility: polymorphisms in drug metabolizing enzymes 
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Lymphoma 


* Advanced age 

* Intense immunosuppression 

¢ Long duration of immunosuppression 

* Pretransplantation Epstem—Barr virus seronegativity 
* Use of induction agents 


Skin cancer 


¢ Advanced age 

* Exposure of skin to ultraviolet light 

* Intense immunosuppression 

¢ Light-colored skin 

¢ Long duration of immunosuppression 
¢ Prior skin cancer 


Breast cancer 
¢ Advanced age 


* Body-mass index <25* 
* Use of HRT, greater cumulative exposure to HRT, long duration of HRT 


Endometrial cancer 


* Conjugated estrogen use 

* Greater cumulative exposure to estrogen and/or tamoxifen 
* Long duration of estrogen use 

* Obesity 

* Pelvic radiation 

¢ Pre-existing abnormal endometrial pathology 


Bladder cancer 


¢ Advanced age 

¢ Extended duration of treatment with cyclophosphamide 
¢ High cumulative doses of cyclophosphamide 

* Smoking 

¢ Extended duration of treatment with pioglitazone 


HRT = hormone replacement therapy. 
aBody-mass index is the weight in kilograms divided by the square of the height in meters. 


MORBIDITY AND MORTALITY 


The course of t-MN is progressive and the disease is typically resistant to the 
chemotherapeutic approaches used in the treatment of de novo leukemia. In general, 
t-MN is a fatal disease owing to marked and persistent cytopenias. Persistence of 
the underlying cancer can complicate treatment of the t-MN. Prior anticancer 
treatment can complicate the delivery of dose-intensive chemotherapy targeted at 
the t-MN by possibly causing significant organ and/or hematopoietic compromise. 
In addition, the high rate of cytogenetic abnormalities found in patients with t-MN 


often results in the abrupt development of drug resistance.”4 
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PREVENTION 


The primary preventive approach for t-MN involves avoiding the use of agents 
known to be linked to t-MN (Table 57-1) if possible. In the management of Hodgkin 
lymphoma, the preferred regimen, ABVD, contains agents with lower risks of t- MN 
development. This strategy has led to a much lower incidence of t-AML among 
patients treated for Hodgkin lymphoma. A similar approach has also been instituted 
in pediatric patients being treated for ALL, for whom epipodophyllotoxins have 
been removed from most first-line chemotherapy protocols. Sometimes drugs in the 
same class can deliver equivalent efficacy with lower leukemogenic risk. 
Examples include using cyclophosphamide (lower risk) instead of busulfan and 
substituting doxorubicin (lower risk) for mitoxantrone. 


As previously noted, drug scheduling (e.g., with the epipodophyllotoxins) and 
cumulative dosing (e.g., with epirubicin and cisplatin) appear to be important 
factors to consider when designing chemotherapy regimens to mitigate the risk of 
drug-induced leukemia. Whether or not more judicious use of colony-stimulating 
factors (CSF) such as G-CSF should be considered 1s still debated. Although not 
negligible, the contribution of CSF to the absolute risk of drug-induced leukemia 


appears to be smaller than that of many chemotherapy agents.** 


MANAGEMENT 


There is little information available regarding optimal treatment of patients with t- 
MN. It is likely that a complete remission (CR) will be achieved in less than half of 
all cases, as compared with a CR rate of 65-80% in de novo AML patients 60 
years of age or younger and 40-60% in patients older than 60 years of age. For 
patients who are candidates, the most likely curative approach is hematopoietic 
stem cell transplantation (HSCT). Small studies have reported 20-30% survival 
with HSCT. Patients over 40 years of age have a higher rate of transplant-related 
mortality.2® Favorable, intermediate, and unfavorable karyotypes have been 
identified for cytogenetic abnormalities. Patients with secondary AML have a 
greater predominance of unfavorable types than patients with de novo AML 
(approximately 80% versus 20%). Mean survival among patients with secondary 
AML and the favorable type was approximately 27 months, but those with 
unfavorable features had a mean survival of only 6 months. With respect to specific 
cytogenetics, patients with secondary AML and abnormalities of chromosomes 5 
and 7 appear to fare the worst.” 


Treatment for patients with t-AML and a normal karyotype should follow 
standard AML management protocols with consideration of HSCT. Treatment 
consists of induction chemotherapy followed by consolidation therapy. For patients 
with unfavorable cytogenetics, either investigational chemotherapy approaches or 
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HSCT (or both) should be considered.*4”? The NCCN provides the most up-to-date 
guidelines for health professionals on the management of myeloid leukemia 
cancers. 


INFORMATION FOR PATIENTS 


All patients receiving chemotherapy agents/regimens with a known potential for t- 
MN should be apprised of the risk and possible consequences at the outset. Patients 
diagnosed with t-MN should receive candid information regarding the likely 
outcome in relation to their risk group. Any treatment options should be carefully 
and thoroughly explained. Although it is important for patients to fully understand 
the seriousness of the disease so they can plan accordingly, it is also important for 
them to know that supportive measures are available and will be used to their 
fullest extent. 


LYMPHOMA 


There are two settings in which medication use has been associated with an 
increased risk of developing lymphomas: in transplant recipients and in patients 
treated for autoimmune disorders. The reported incidence of this drug-induced 
malignancy in immunosuppressed organ transplant recipients varies widely among 
the different registries and centers but may be as high as 50% after 6 years of 
follow-up. Lymphoproliferative disorders such as NHL and, less often, Hodgkin 
lymphoma occur in up to 20% of organ-transplant recipients.* Cases of these 
secondary malignancies have also been reported following lenalidomide 
maintenance use after stem cell transplantation in multiple myeloma patients.*°? The 
use of TNF-alpha blockers (adalimumab, certolizumab pegol, etanercept, 
golimumab, and infliximab) also poses an increased risk of lymphoma 
development, and this led to mandated boxed warnings in package inserts for these 
medications in 2009. Additionally, the U.S. Food and Drug Administration (FDA) 
released a safety announcement in 2011 describing cases of hepatosplenic T-cell 
lymphoma (HSTCL) occurring primarily in adolescents and young adults treated for 
Crohn disease and ulcerative colitis with tumor TNF-alpha blockers, azathioprine, 
or mercaptopurine.*! This lethal T-cell lymphoproliferative disorder is rare and has 
been reported to have a clear association with immunosuppression with either an 
immunomodulator or combined immunosuppression with a TNF-alpha inhibitor and 
an immunomodulator.*# 


CAUSATIVE AGENTS 
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Immunosuppressive agents have been implicated in the development of lymphoma 
(Table 57-1).2” Agents used in high doses for induction to facilitate transplant and 
as treatment for acute rejection are associated with a higher incidence of lymphoma 
in the first year after transplantation.*°** These agents include antithymocyte 
globulin and muromonab CD3 (OKT3), which was removed from the U.S. market 
in 2010. Maintenance immunosuppressants, including the calcineurin inhibitors, 
cyclosporine and tacrolimus, and the antimetabolite, azathioprine, are also 
associated with an increased risk of drug-induced malignancy. Although there are 
no reports of lymphoma with sirolimus or temsirolimus, a manufacturer of 
everolimus has a boxed warning alerting prescribers to the possible development 
of both skin cancer and lymphoma when the drug is used in the solid organ 
transplant setting.*° 


EPIDEMIOLOGY 


In the first year after surgery, kidney transplant recipients have a 20 times increased 
risk of lymphoma and heart transplant recipients a 120 times increased risk, as 
compared with the general population.** The difference between the two groups is 
thought to be related to the more aggressive immunosuppression used in heart 
transplantation. Risk persists over time, with lymphoma developing in 1.6% of 
kidney transplant recipients over 10 years and 5.6% of heart-lung recipients over 5 
years.*° OKT3 or antithymocyte globulin induction increases the risk of lymphoma 
primarily during the first year after transplantation.°°* The majority of 
immunosuppressant-induced lymphomas are of B-cell origin, and 28% of patients 
have central nervous system involvement.*° Patients <10 or >60 years of age have 
the highest risk for lymphoma.*? 


Post-transplant lymphoproliferative disorders (PTLD) are potentially fatal 
lymphoid and/or plasmacytic proliferations that develop in solid organ or 
allogeneic hematopoietic cell transplant patients due to immunosuppression. B 
cells that multiply in the absence of normal T-cell immune function in the stem cell 
transplant population are thought to be infected with the Epstein-Barr virus (EBV). 
Thus, PTLD generally refers to an EBV-induced B-cell proliferation that develops 
after a solid organ transplant or allogeneic HSCT. The incidence of EBV-PTLD 
after allogeneic HSCT ranges between 0.5% and 17%.*/ 


Of the cancer cases related to the use of TNF-alpha inhibitors that were 
reported to the FDA from 1998 to 2008, half were Hodgkin and non-Hodgkin 
lymphomas, with 10 cases of HSTCL.** A meta-analysis in rheumatoid arthritis 
patients treated with TNF-alpha inhibitors found no increased risk of lymphoma 
when compared to nonexposed patients.°” 
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MECHANISMS 


There are multiple mechanisms by which immunosuppressants are thought to cause 
malignancy (Table 57-2). Calcineurin inhibitors such as cyclosporine can promote 
malignant growth by increasing the amount of tumor growth factor (TGF) and 
vascular endothelial growth factor (VEGF).*° Immunosurveillance is suppressed in 
patients receiving immunosuppressants. Oncogenic viruses are not as readily 
cleared as in nonimmunosuppressed individuals. These factors together provide an 
optimal environment for malignant transformation of cells by viruses and 
subsequent proliferation of those cells. Specifically, cases of lymphoma in the post- 
solid organ and allogeneic stem cell transplantation settings have been associated 
with proliferation of the EBV within B lymphocytes.?>’ 


T lymphocytes and natural killer cells endogenously produce the cytokine TNF- 
alpha as part of a cell-mediated immune response during infections and cause tumor 
cell lysis. TNF-alpha was recognized in 1975 for its ability to lyse tumors in 
laboratory models, raising the concern that inhibition of this cytokine may lead to 
cancer development.*! Conflicting clinical data exist regarding the role of TNF- 
alpha inhibition in the development of malignancy.” 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms of lymphoma can include fatigue, weight loss, lymphadenopathy, and 
night sweats (Table 57-3). Diagnosis is made by node, tissue, or bone marrow 
biopsy; CBC with differential; and imaging studies (Table 57-4). NHL after 
immunosuppressive therapy is associated with increased extranodal involvement as 
compared to lymphomas in the general population.*° In some patient subsets, 
extranodal disease occurs within or near the transplanted organ. Examples include 
disease of the liver in liver transplant recipients and disease of the lungs in heart, 
lung, or heart-lung transplant recipients.*+°> 


RISK FACTORS 


Risk factors for drug-induced lymphoma are described in Table 57-5. The 
incidence of lymphoproliferative disorders increases proportionately with 
increasing dose and duration of immunosuppressant medications. Therefore, 
transplant procedures in which patients require the highest doses of 
immunosuppressants and the most aggressive antirejection strategies, such as heart 
and lung, are associated with the highest incidence of lymphoma.** This intensity— 
risk relationship was demonstrated by a prospective randomized trial of low-dose 
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versus standard-dose cyclosporine therapy in kidney transplant recipients. A higher 
frequency of malignancy was found in the higher-dose group.” A study of heart 
transplant recipients revealed that cumulative doses of OKT3 (a medication no 
longer available in the United States) >75 mg imparted a 35.7% risk of lymphoma 
as compared with 6.2% in patients who received <75 mg.“ 

Advancing age and pretransplantation EBV seronegativity are additional risk 


factors. Young children are more likely than adults to be EBV-seronegative prior 
to transplantation and are at risk for initial EBV exposure during or after 


transplantation. This puts them at high risk for post-transplantation lymphoma.*° 


MORBIDITY AND MORTALITY 


Malignancy-related mortality after organ transplantation ranges from 10% to 47%. 
NHL after organ transplantation is more aggressive than in the general population, 
most likely because of the necessity to maintain immunosuppression and an 
advanced stage at presentation. First-year lymphoma-related mortality in kidney 


and heart transplant recipients was reported at 40% and 50%, respectively.°° 


Table 57-6 Approaches to Help Prevent Drug-Induced 


Neoplastic Diseases 





Leukemia 


¢ Avoid use of mechlorethamine in the treatment of Hodgkin lymphoma 

¢ Avoid weekly scheduling of etoposide/teniposide and avoid use when other agents are equally effective 
* Consider using cyclophosphamide instead of busulfan in chemotherapeutic regimens 

* Consider using doxorubicin instead of mitoxantrone in chemotherapeutic regimens 

¢ Limit cumulative dose of cisplatin in the treatment of testicular cancer 

¢ Limit cumulative dose of epirubicin in the treatment of breast cancer 


Lymphoma 

* Consider using basiliximab for induction instead of antithymocyte globulin 

* Consider using everolimus or sirolimus instead of cyclosporine or tacrolimus for maintenance 
immunosuppression 

¢ Limit cumulative dose of cyclosporine or tacrolimus 

* Monitor EBV levels for possible reactivation 

¢ Use antiviral prophylaxis for 3 months after organ transplantation 


Skin cancer 


¢ Avoid ultraviolet light 

* Consider using everolimus or sirolimus instead of cyclosporine or tacrolimus for maintenance 
immunosuppression 

* Consider using mycophenolate mofetil instead of azathioprine for maintenance immunosuppression 


Breast cancer 
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¢ Avoid use of HRT 


Endometrial cancer 


¢ Avoid use of tamoxifen 

* Consider use of aromatase inhibitors instead of tamoxifen for the treatment of breast cancer 
* Do not use tamoxifen for longer than 5 yr 

* Use progestin concomitantly for at least 10 days /month with estrogen when used for HRT 


Bladder cancer 
¢ Limit cumulative dose cyclophosphamide to <20 g 


* Use mesna as uroprotectant with cyclophosphamide* 
¢ Avoid pioglitazone use for >24 months 


HRT = hormone replacement therapy. 
aUnproven in humans. 


PREVENTION 


Approaches to preventing drug-induced lymphoma are described in Table 57-6. 
Because drug-induced lymphoma is associated with the use of intense 
immunosuppression, transplant recipients should be maintained on the lowest 
possible doses of immunosuppressant drugs for the shortest possible time to reduce 
overall risk. There is some evidence that sirolimus, a mammalian target-of- 
rapamycin (mTOR) inhibitor, has antiangiogenic effects and is associated with 
fewer post-transplantation malignancies than cyclosporine or tacrolimus (0.6% 
versus 1.81% at a mean follow-up of 2.3 years). Induction with an interleukin-2 
antibody such as basiliximab has not been definitively associated with an increased 
risk of lymphoma and may be an option to improve outcomes.*’ Antiviral 
prophylaxis with acyclovir for 3 months after transplantation has been shown in one 
study to be associated with a reduced incidence of post-transplantation lymphoma 
in heart transplant recipients, suggesting the potential utility of antiviral agents as a 
preventive strategy.** Acyclovir use in this setting is questionable due to the 
absence of activity against EBV associated with PTLD.” 


MANAGEMENT 


Dose reduction or discontinuation of immunosuppression is the primary method 
used to manage post-transplantation lymphoma; however, the risk of organ rejection 
must be carefully considered.*© Surgical excision of localized lesions has been 


used with favorable results.°° The anti-CD20 monoclonal antibody rituximab is an 
option for the treatment of B-cell lymphomas. Two studies in which patients with 


drug-induced lymphoma received rituximab 375 mg/nY once weekly for 4 weeks 
reported CR rates of 53-88%.°!>? 
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Chemotherapy may be an option for patients who do not respond to reduction of 
immunosuppression. A primary treatment regimen for lymphoma consisting of 
cyclophosphamide, doxorubicin, vincristine (Oncovin), and prednisone (often 
referred to as CHOP) has been successfully used in the post-transplantation 
lymphoma population.°? Many centers use anthracycline-based regimens, adjusting 
chemotherapy doses as necessary to address patient comorbidities.°*> 


INFORMATION FOR PATIENTS 


Patients should be educated regarding the possible adverse effects associated with 
drugs that will be used after transplantation, including the risk of lymphoma with 
immunosuppressants. Patients in whom post-transplantation lymphoma develops 
should receive candid counseling regarding the prognosis, available treatments, and 
the risks and benefits associated with each of the treatment options. 


SKIN CANCER 


Basal cell carcinoma (BCC) is the most commonly diagnosed skin cancer 
(approximately 80% of new cases), while 16% are squamous cell carcinoma 
(SCC), 2% melanoma, and <1% are Merkel cell carcinoma, Kaposi sarcoma, 
cutaneous lymphoma, skin adnexal tumors, or various sarcomas. Basal cell 
carcinoma and SCC are not reported to cancer registries because these cancers 
rarely metastasize and almost all cases can be cured, making incidence estimates 
more difficult.!> Skin cancer is the most common malignancy in patients receiving 
immunosuppressive medications to prevent rejection of transplanted organs, with 
SCC the most common cutaneous malignancy in this population.~° 


CAUSATIVE AGENTS 


Several medications are associated with the development of skin cancer, including 
TNF-alpha blockers, B-rapidly accelerated fibrosarcoma (BRAF) inhibitors, 
mitogen-activated protein kinases (MEKs), and extracellular signal-regulated 
kinases. (Table 57-1). Additionally, recent reviews found that the short-term use of 
several commonly prescribed medications that cause photosensitivity may enhance 
the risk of skin cancers such as BCC, SCC, and cutaneous lymphoma.°?’>8 

It is thought that the level of immunosuppression itself, and not any one 
particular drug, is responsible for the increased risk of skin cancer in the transplant 
setting.2>” Patients who are recipients of transplanted organs or allogeneic stem 
cells receive the highest doses of immunosuppressant medications and are at the 
highest risk for drug-induced skin cancer.°!“ It appears that it is the concomitant 
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use of multiple therapies including immunosuppressants, myeloablative 
chemotherapy, and radiation that is responsible for SCC and BCC in allogeneic 
HSCT recipients. 


Currently available BRAF inhibitors, dabrafenib and vemurafenib, as well as 
MEK inhibitors, cobimetinib and trametinib, have revolutionized treatment and 
survival of metastatic melanoma in patients with the BRAF mutation but are 
associated with up to a 33% incidence of SCC, 6% incidence of BCC, and 2.4% 
incidence of new primary melanoma.®-°7 


Selenium supplementation among patients with a prior history of nonmelanoma 
skin cancer (NMSC) has been implicated as a potential cause of SCC in a double- 
blind trial. SCC has also been reported in case reports of oral contraceptives 


users.°8 


EPIDEMIOLOGY 


Skin cancer occurs in organ transplant recipients at a rate of 12—90 times the 
frequency observed in the general population. Patients with nonrenal transplants 
are 3 times more likely to develop skin cancer than those with renal transplants.>° 
This is likely due to a strong relationship between skin cancer risk and intensity of 
immunosuppression, because kidney transplant recipients typically require less 
immunosuppression. In addition, transplant recipients are more likely than patients 
in the general population to present with multiple lesions. Older patients tend to 
present with skin cancer sooner after transplantation than younger patients. 
However, the incidence of skin cancer in all transplant patients increases linearly 
with time after transplantation.>° 


MECHANISMS 


As with immunosuppression-induced lymphomas, reduced immunosurveillance 
plays a role in post-transplantation skin cancers (Table 57-2). Apoptosis of cells 
damaged by ultraviolet light may not occur as efficiently in immunosuppressed 
individuals as in the general population. The damaged cells remain and proliferate 
as skin cancer. Unchecked proliferation of human papillomavirus (HPV) has also 
been implicated, and studies have reported that skin lesions in organ transplant 
recipients are positive for HPV DNA in up to 100% of cases.7°””? Although HPV 
vaccination has been recommended for solid organ transplant recipients who meet 
the FDA indication, poor immunogenicity has been reported in the post-transplant 
patient setting.’!’? HPV has not been detected in skin lesions of patients treated 
with BRAF inhibitors. It is not known whether patients receiving anti- TNF-alpha 
therapy have an altered response to HPV vaccination.” 


2411 


Although TNF-alpha may be a part of cell-mediated immune response, 
ultimately causing tumor cell lysis, clinical data regarding the role of TNF-alpha 
inhibition in the development of malignancy are conflicting. Meta-analyses support 
an increased risk of NMSC with the use of these medications although two large 
cohort studies revealed no statistical difference in the development of overall 


increased risk of NMSC between TNF-alpha inhibitor users and nonusers.°?*7;4 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Multiple other skin disorders can resemble drug-induced skin cancer (Table 57-4). 
Patients can present with multiple lesions that can be rapidly recurring (Table 57- 
3). Although lesions can occur anywhere on the body, they most frequently are 
found in areas exposed to sunlight.°> Approximately 70% of skin cancers in both 
men and women occur on the head, neck, and upper extremities.°! 

Although in the general population BCC is more common than SCC, the 
opposite is true in immunosuppressed patients. In 1,293 kidney transplant recipients 
in whom skin cancer developed, 71% had SCC, 52% had BCC, and 3% had 
melanoma (some patients had more than one type of skin cancer).°”? An SCC:BCC 
ratio of 2.2:1 was found in a group of 48 heart transplant patients in whom skin 
cancer developed.” The reported median time to first appearance of cutaneous 
squamous cell carcinomas and keratoacanthomas in melanoma patients treated with 
BRAF inhibitors was approximately 8 weeks.%°/ 

The incidence of skin cancer increases linearly with time, with an incidence of 
2.2%, 7.2%, and 8.9% at 5, 10, and 14 years, respectively, reported in kidney 
transplant recipients.°! As noted previously, the incidence of skin cancer is higher 
in heart transplant recipients, with reported rates of 12%, 27%, and 44% at 5, 10, 
and 14 years, respectively. 


RISK FACTORS 


As in the general population, persons with lighter skin are at a greater risk for drug- 
induced skin malignancies than those with darker skin. Exposure to ultraviolet light 
and advanced age are additional risks (Table S75) et As with post- 
transplantation lymphomas, there is a correlation between intensity and duration of 
immunosuppression and the development of skin cancer.**4!°? In a retrospective 
study of 262 patients, those who received cyclosporine in addition to azathioprine 
and prednisolone had NMSC at a rate of 48 cases per 1,000 patient-years, as 
compared with 27 cases per 1,000 patient-years in the azathioprine-plus- 
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prednisolone-only group.’> Patients who have had a prior skin cancer are at greater 
risk than those who have not.*!-76 


Ras protein mutation is a possible risk factor for developing SCC in patients 
treated with BRAF inhibitors, as this mutation was present in approximately 60% 
of cases in patients treated with vemurafenib.*° Other possible risk factors 
associated with cutaneous SCC observed in vemurafenib clinical studies are age 
>65 years, history of prior malignancy, and chronic sun exposure. 


Establishing the risk of the development of skin malignancies in patients 
receiving TNF-alpha inhibitors is challenging because most of these medications 
have been studied in patients with rheumatoid arthritis or ulcerative colitis, 
populations that are at increased risk for developing site-specific cancers. In 
addition, TNF-alpha inhibitor studies in these groups often allowed concomitant 
medications (e.g., cyclophosphamide or methotrexate), which augment malignancy 
risk.'7;"4 There are fewer studies with certolizumab pegol and golimumab. 
Therefore, it is unknown if these newer TNF-alpha inhibitors pose the same risks 
of cancer development as adalimumab, etanercept, and infliximab. ’’ 


MORBIDITY AND MORTALITY 


Mortality due to post-transplantation skin cancer has been reported to be 5%, 
which is higher than the 1-2% reported for the general population. Although the 
majority of lethal skin cancers in the general population are melanomas, SCC is the 
primary skin cancer responsible for death in the transplant population.*? Skin 
cancers in transplant recipients are also typically more aggressive than those found 
in the general population: 6% of patients in the Cincinnati Transplant Tumor 
Registry had metastases, nearly three-fourths of which were from SCC.’ A 
multicenter study of 68 patients with metastatic skin cancer (primarily SCC) 
reported a relapse rate of 29% after treatment and a 3-year survival rate of 54%.”® 

Patients’ risk of mortality does not appear to be affected by treatment with 
BRAF inhibitors or TNF-alpha inhibitors. Progression-free survival among 134 
patients with metastatic melanoma was not statistically different among patients 
who had developed a SCC and those who had not after 4 months of BRAF inhibitor 
therapy.” The overall survival in a study of rheumatoid arthritis patients treated 
with either adalimumab, etanercept, or infliximab (with or without concomitant 
disease-modifying antirheumatic drugs) and subsequently diagnosed with a solid 
tumor was not statistically different than survival in TNF-alpha treatment-naive 
patients.’ 


PREVENTION 
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Methods to help prevent drug-induced skin cancer are presented in Table 57-6. 
Although there are no chemoprevention studies in subjects who have received 
TNF-alpha inhibitors or BRAF inhibitors, it would be prudent to suggest the same 
recommendation for skin cancer prevention that apply to the general population 
(i.e., sun avoidance and routine monitoring for unusual or new skin lesions). 


Because of the strong relationship between intensity of immunosuppression and 
risk of skin cancer, maintaining patients on the lowest possible doses of 
immunosuppressants or using alternative agents may decrease the incidence in 
recipients of solid organ transplants. Azathioprine, when used as part of the 
immunosuppressive regimen in renal transplant patients, was linked to an increased 
risk of developing aggressive SCC.°° Mycophenolate mofetil rather than 
azathioprine use in the immunosuppressive regimen may reduce the risk of skin 
cancer in some solid organ transplant recipients.***! Additionally, the development 
of NMSC in the transplanted population has been associated with azathioprine use 
compared to those who did not receive this medication.’ There has been some 
evidence that the mTOR inhibitors, sirolimus and everolimus, are associated with 
fewer cases of NMSC than cyclosporine or tacrolimus; however, long-term data 
are lacking.’”°8? Further studies are required to assess the impact of 
immunosuppressive therapy modifications on malignancies of the skin in solid 
organ transplant recipients. 


MANAGEMENT 


General treatment options for skin cancer include surgical excision of the lesion, 
immunotherapy, targeted therapy, chemotherapy, or radiation.** Surgery or radiation 
may not be plausible, however, in patients with multiple lesions or metastases. In 
these cases of transplanted patients, reduction of immunosuppression 1s an option, 
although the benefits of this approach are not as clear as they are in patients with 
drug-induced lymphoma. The risks of organ rejection must be carefully 
considered.®> In 2006, guidelines for immunosuppressant dose reduction were 
released by a task force of the International Transplant Skin Cancer Collaborative 
and Skin Care for Organ Transplant Patients Europe.®° The degree of dose 
reduction of immunosuppressants recommended for multiple clinical scenarios 1s 
outlined in these guidelines. 


New primary SCC in melanoma patients treated with BRAF inhibitors can be 
treated with standard ablative or excisional surgical methods without interruption 
of the BRAF dosing regimen; for patients with multiple lesions, curettage, 


electrodesiccation, or cryosurgery has been suggested.®° 


Systemic therapy is typically reserved for cases in which surgical excision with 
or without radiation is either unsuccessful or deemed not beneficial. 


2414 


INFORMATION FOR PATIENTS 


Patients receiving immunosuppressive therapy for prevention of transplant rejection 
should be warned of the increased risk of skin cancer. They should be instructed to 
protect their skin from sun damage by use of sunscreen year-round and should also 
use protective clothing such as long-sleeved garments and hats. It is important to 
note that use of sunscreen does not negate the risk of skin cancer, so even with its 
use patients should still make every attempt to minimize their exposure to sunlight. 
Patients should never use tanning beds. Patients should inspect their own skin 
regularly for changes and also should be checked regularly by a dermatologist.* 

Patients who are to receive BRAF inhibitors should be screened for skin cancer 
prior to initiation of therapy, every 2 months during treatment, and again following 
completion of therapy.°-°’ 


BREAST CANCER 


The American Cancer Society estimates that breast cancer kills nearly 41,000 
women in the United States annually with nearly 253,000 new cases of this 


malignancy diagnosed.!* This makes breast cancer the most common malignancy 
among women. Breast cancer can be drug-induced. !° 


CAUSATIVE AGENTS 


Agents implicated in the development of breast cancer are listed in Table 57-1. The 
association between drug use and breast cancer development has been reported in 
patients receiving combination estrogen and progestin hormone-replacement 
therapy (HRT), estrogen-only HRT (ET), or oral contraceptives (OC). Menopausal 
state and exogenous hormone use may influence the risk of breast cancer 
development depending on the type of product used. 


EPIDEMIOLOGY 


Numerous studies have shown an association between a longer duration of HRT use 
and breast cancer development.®’ The Million Women Study, an observational 
study of 1,084,110 women, revealed a 43% increased risk of breast cancer among 
the 550,172 who received HRT versus those who did not.*® The Women’s Health 
Initiative (WHI), a randomized, controlled trial involving 16,608 women, found 
those receiving combination HRT had a 26% higher risk of invasive breast cancer 
than patients in the control group.®? Further analysis of these cases revealed a 
higher rate of invasive tubular (8%) and lobular (22%) breast cancers found in 
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women using HRT compared with nonusers. The rate of breast cancer development 
in women receiving HRT exceeded that of control patients after approximately 3-4 
years of use.”? Other studies have demonstrated similar patterns.?!°? Breast cancer 
risk declines after HRT use is discontinued. 


The association between OC use and breast cancer is less clear. A large meta- 
analysis of mostly case-control studies that included 53,297 women with breast 
cancer and 100,239 women without breast cancer demonstrated a relative risk for 
breast cancer of 1.24 in current users of OC.”* The risk did not approach that of 
women who had never used OC until 10 or more years after use was discontinued. 
The median year of first use in these pooled studies was 1968, with the majority of 
breast cancers subsequently diagnosed in the 1980s. The majority of women 
included in these studies used OC when estrogen doses were much higher than in 
those currently marketed, making extrapolation of these results to modern OC 
difficult. In 1996, the reported increase in relative risk accounted for few 
additional cancer diagnoses as compared with women who had never used OC: 
0.5, 1.5, and 4.7 additional cases per 10,000 women who used OC between the 
ages of 16-19, 20-24, and 25-29 years, respectively.”* A 2002 case-control study 
that included 4,575 women with breast cancer and 4,682 without showed no 
increased risk with current or former OC use.”? A more recent meta-analysis of 
over 850,000 women demonstrated an insignificant association between OC use 
and breast cancer among women who are BRCA1 or BRCA2 mutation carriers 
compared to the general population.” 

There are multiple theories as to how hormones can cause breast cancer (Table 
57-2). Estrogen metabolites may covalently bind to DNA and cause mutations.”° In 
vitro, quinone metabolites of equine estrogens (present in the most common oral 
formulations of HRT) act as carcinogens and tumor promoters.”’ Estrogens, 
progestins, and their metabolites can act on estrogen and progesterone receptors 
(ER/PR) on breast cancer cells, stimulating proliferation.”*°’ This mechanism is 
supported by the observation that hormone use has been significantly associated 
with the development of ER/PR positive breast cancers in multiple studies.??!° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Breast cancer most often presents as a painless lump within the breast tissue (Table 
57-3). Any suspicious lump, whether painful or not, should be assessed by physical 
examination and imaged using mammography or other techniques, such as 
ultrasound. Breast cancer is confirmed by biopsy of affected tissue and nodes. 
Other conditions to consider in the differential diagnosis include benign breast 
disease or calcification and other malignancies. Although statistically significant 
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increases in the risk of breast cancer are not typically found during the first 3-4 


years of combination HRT, women have been diagnosed as early as during the first 
year, 0.94:100 


RISK FACTORS 


Multiple risk factors associated with this hormone-induced malignancy are listed in 
Table 57-5. Although it appears that use of any HRT can lead to breast cancer, 
multiple studies have demonstrated an increased risk of all types of breast cancer in 
women receiving combination HRT as compared with estrogen-only HRT.°*!0!-1 

A shorter time (<5 years) between menopause and HRT initiation is associated 
with a significant increase in the rate of breast cancer.'* Incidence also increases 
linearly with greater cumulative exposure to HRT and with age.?!!™ 

Although increased breast cancer risk ratios have been associated with obese, 
postmenopausal women who never took estrogen—progestin therapy, some studies 
have shown an inverse correlation between body-mass index (BMI; calculated as 
the weight in kilograms divided by the square of the height in meters) and risk, such 
that women taking HRT with a BMI <25 have a higher relative risk than those with 
BMI >25. 104,105 


Studies of risk in women with a family history of breast cancer or carriers of 
the BRCA1 mutation and the use of OC report conflicting results.” 


MORBIDITY AND MORTALITY 


The 5-year survival rate of American women with breast cancer ranges from close 
to 100% for those with stages 0 and I disease to 22% for those with metastatic 
disease. !°° Women receiving HRT in the WHI study were found to have tumors that 
were larger, more likely to be node-positive, and diagnosed at a more advanced 
stage than controls.”? Data from a large prospective cohort of 374,465 women 
found that those who used combination HRT for at least 5 years had a relative risk 
of invasive tumor of 1.51 as compared with women who had never used HRT.!”? 
Consistent with these findings, a 2013 overview of the results from the two 
Women’s Health Initiative hormone therapy trials with extended postintervention 
follow-up revealed not only an increased breast cancer incidence in women using 
HRT but also diagnoses at higher cancer stages.!°’ Despite this reported increased 
risk of occurrence, other studies have shown a better prognosis for patients who 
have a history of HRT use, with higher overall and disease-free survival 
rates. !°8:!0 Schuetz et al.!!° reported 5-year survival rates of 92.8% and 82.2% in 
HRT users and nonusers, respectively;in addition, metastases were more likely to 
occur in non-HRT patients. Most recently, researchers have found that 
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postmenopausal women in the WHI who used HRT for a median of 5.6 years did 

not have an increased risk of cancer mortality during a cumulative follow-up of 18 
11 

years. 


PREVENTION 


Avoidance of HRT may prevent drug-induced breast cancer, and available evidence 
suggests that the benefits of HRT should be carefully weighed against the increased 
breast cancer risk.!!? Patients at highest risk for breast cancer, especially those with 
a personal history of breast cancer and those with a strong family history, could use 
ET to relieve moderate-to-severe menopausal symptoms. Patients who take ET 
should also be informed of the increased risk of endometrial cancer.!!* In the 
Million Women Study cohort, women who discontinued use of HRT for at least 1 
year had a breast cancer risk comparable to that of women who had never used 
HRT.°8 


American Cancer Society recommendations for lowering breast cancer risk for 
all women includes maintaining a consistent healthy weight, incorporating 150 
minutes of moderate or 75 minutes of vigorous activity each week, and limiting or 
avoiding alcohol use. Breastfeeding for several months following delivery may 


also lower breast cancer risk. !!3 


MANAGEMENT 


Estrogen and progestin products should be discontinued in any patient diagnosed 
with breast cancer. Appropriate treatment of any malignancy depends on multiple 
factors at diagnosis, including stage, patient age, and the presence of comorbidities. 
Surgical excision with radiation therapy is an option for localized disease. 
Estrogen antagonists, such as tamoxifen, and aromatase inhibitors may be used 
depending on the hormone receptor status of the cancer. Chemotherapy, usually 
taxane- and/or anthracycline-based regimens with or without trastuzumab, are 
indicated for many patients. Radiation therapy is also commonly used in many 


cases. |!4 


INFORMATION FOR PATIENTS 


Patients who are receiving or are considering taking estrogens or combined 
estrogen and progestin products should be educated regarding the risks and benefits 
of these medications, including the increased risk of breast cancer with HRT. An 
increased risk of breast cancer has been observed with many HRT regimens, and it 
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can be concluded that none is without risk.8* It is best, therefore, to avoid HRT 
preparations altogether whenever possible. 


ENDOMETRIAL CANCER 


Endometrial cancer, also referred to as uterine carcinoma, is the most common 
malignancy of the female genital tract in the United States. More than 61,000 
women are diagnosed with endometrial cancer annually and nearly 11,000 of those 


die from the disease. !? 


CAUSATIVE AGENTS 


Hormonal therapy with estrogen and tamoxifen, an antiestrogen, has been 
implicated in the development of endometrial cancer (Table 57-1). 


EPIDEMIOLOGY 


Approximately 75% of women with endometrial cancer are postmenopausal with 
the median age of diagnosis of 62 years. A diagnosis of endometrial cancer before 
the age of 40 years is uncommon, accounting for about 5% of endometrial cancer 
cases.!!> Women who have used estrogen-only HRT are reported to have a relative 
risk of 2.7 for endometrial cancer as opposed to those never exposed, with 22.6 
and 8 carcinomas per 10,000 person-years, respectively.'!© There is a linear 
association between duration of estrogen use and increased risk of endometrial 
cancer, with relative risk rising by 0.58 for each year of use. In addition, an 
elevated risk of endometrial cancer remains even 10 years after discontinuation of 
estrogen-only HRT. 


Patients who receive tamoxifen for breast cancer are also at risk for 
endometrial cancer. Studies have found a relative risk approximately 2—3 times 
higher than the risk in an age-matched population. The rate of endometrial cancer 
occurrence among patients taking tamoxifen 20 mg/day was 1.6 per 1,000 patient- 
years, compared to 0.2 per 1,000 patient-years among those taking placebo. Even 
though endometrial cancer risk is higher in tamoxifen users, the benefits of breast 
cancer survival outweigh the small risk of endometrial cancer. A study extending 
tamoxifen use to 10 years reported similar outcomes in terms of improved breast 


cancer survival versus a small risk of endometrial cancer development.!!” 


MECHANISMS 
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Estrogen causes hyperplasia of the endometrium, which, if unchecked, can develop 
into cancer (Table 57-2). Progestins inhibit this growth, likely explaining why 
combination estrogen and progestin HRT imparts a lower risk of endometrial 
cancer than estrogen-alone HRT. 


Tamoxifen has antiestrogen effects in the breast, yet also has agonist activity on 
the endometrium via ERs. The agonist effect in the endometrium can result in 
benign endometrial proliferation, hyperplasia, polyp formation, invasive 
carcinoma, or uterine sarcoma.!!® Another proposed mechanism by which 
tamoxifen is carcinogenic relates to its ability to cause DNA damage. Tamoxifen is 
metabolized to several estrogenic metabolites and reactive intermediates. These 
reactive intermediates may form protein or DNA adducts to cause DNA damage. 
Therefore, tamoxifen may also cause malignancy by genotoxicity. |!8 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Endometrial cancer can present as abnormal vaginal bleeding, dysuria, or pelvic 
pain (Table 57-3). Conditions to consider in the differential diagnosis include 
uterine fibroids, endometriosis, and pelvic inflammatory disease (Table 57-4). 
When endometrial cancer is suspected, a pelvic examination is typically the first 
diagnostic procedure performed. A Papanicolaou test might also be performed. The 
uterus can be imaged using transvaginal ultrasound, and the physician may perform 
a biopsy of the endometrial tissue.!!° In one case-control study, 40% of patients in 
whom endometrial cancer developed were diagnosed within 5 years of starting 
tamoxifen, 42% within 5—9 years of starting, and 18% after 10 or more years of 
treatment initiation. !7° 


RISK FACTORS 


Risk factors for drug-induced endometrial cancer are listed in Table 57-5. Longer 
duration of estrogen use is associated with increasing risk, with a relative risk of 
1.4 after 1 year of use and 9.5 after 10 years of use as compared with those never 
treated with estrogen. Conjugated estrogens are associated with a higher risk of 
endometrial cancer than are synthetic estrogens, with relative risks of 2.5 and 1.3, 
respectively. !7° 


Postmenopausal women with pre-existing abnormal endometrial pathologies 
may be more likely to have endometrial cancer after tamoxifen therapy than patients 
without these pathologies. The American College of Obstetricians and 
Gynecologists (ACOG) review of tamoxifen-induced endometrial cancer cases 
concluded that etiology may be both dose- and duration-dependent.'*! There are 
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reports that patients who use tamoxifen at a higher dose (40 mg/day) are more 
likely to develop more aggressive tumors. There are two sets of data regarding 
duration of tamoxifen use in breast cancer patients: data for patients with 5 years of 
tamoxifen use and data for 10 years of tamoxifen use in postmenopausal women. 
Five years of adjuvant tamoxifen use produces an absolute 15-year endometrial 
cancer risk of about 2—3% and use for 10 years produces an additional risk by year 


15 of about 2%, 117,122,123 


MORBIDITY AND MORTALITY 


In general, the overall survival rates for endometrial cancer are favorable if 
diagnosed during an early stage (O0-II). Overall 5-year survival decreases 
significantly in women diagnosed with stage III or IV disease. According to the 
American Cancer Society, the 5-year survival rates for stage III range from 47% to 
58% and stage IV from 15% to17%.!*4 


A review of three large case-control studies of tamoxifen-induced endometrial 
cancer (after 5 years of adjuvant therapy) revealed less favorable morphological 
subtypes of endometrial cancer than found in other populations and thus a relatively 
poor prognosis.!?° The 3-year survival in tamoxifen-induced endometrial cancer 
patients is 75% versus 94% in the general population. A large case-control study of 
endometrial cancer following tamoxifen use for breast cancer found that stage III 
and IV endometrial cancers occurred more frequently in long-term tamoxifen users 
than nonusers. The study also found that long-term users experienced significantly 
higher risk of developing malignant mixed mesodermal or sarcomas of the 
endometrium than those not taking tamoxifen (15.4% versus 2.9%; P < 0.2).!7° 


PREVENTION 


Multiple studies have demonstrated that women taking progestin with estrogen for 
at least 10 days per month do not have an elevated risk of endometrial cancer 
(Table 57-6).!7°-!27-!79 Progestins counteract the proliferative effects of estrogen on 
endometrial tissue. However, combined estrogen—progestin HRT increases the risk 
of breast cancer, as previously described. Therefore, the risks and benefits of 
estrogen-only versus combination HRT must be carefully considered before either 
is used. 


Avoiding the use of tamoxifen is the best method to prevent drug-induced 
endometrial cancer. Substitution of raloxifene can be considered in patients for 
whom tamoxifen is utilized as chemoprevention. Raloxifene is a selective ER 
modulator similar to tamoxifen; however, it does not exert the same degree of 
agonist effects on the uterus as tamoxifen. The Study of Tamoxifen and Raloxifene 
trial demonstrated raloxifene as a drug of choice for reducing the risk of breast 


2421 


cancer among postmenopausal women because of a better adverse event profile 
compared to tamoxifen.!2° Tamoxifen has been shown to be highly effective in 
treatment of ER+ breast cancer. The benefits and risks of its use must be weighed 
carefully on a case-by-case basis. Some studies suggest that the aromatase 
inhibitors may have efficacy in the treatment of ER+ breast cancer comparable to 
that of tamoxifen but without the risk of secondary endometrial cancer. Following 
discontinuation of tamoxifen, patients continue to have an increased risk of 


endometrial cancer for at least 5 years. !?7 


MANAGEMENT 


Endometrial cancer is primarily treated surgically with hysterectomy and bilateral 
salpingo-oophorectomy. Pelvic radiation or vaginal brachytherapy are adjuvant 
treatment options, depending on the stage of the disease. For more advanced stages 
of endometrial cancer, chemotherapy may be used. The NCCN provides the most 


up-to-date guidelines on the management of endometrial cancer.!!* 


INFORMATION FOR PATIENTS 


In 2014 the ACOG provided specific recommendations regarding the use of 
tamoxifen and the development of endometrial cancer. The guidance was in 
response to new data demonstrating benefit with tamoxifen use extended to 10 years 
in breast cancer. Recommendations include informing women about the risks of 
endometrial changes such as proliferation, endometrial hyperplasia, endometrial 
malignancy, and uterine sarcoma. Women should be advised to promptly report any 
abnormal vaginal bleeding, bloody vaginal discharge, or spotting. In addition, 
postmenopausal women taking tamoxifen should be closely monitored for 
symptoms of endometrial cancer or hyperplasia. Premenopausal women treated 
with tamoxifen have no increased risk of endometrial cancer and, therefore, require 
no additional monitoring beyond routine gynecologic care.!!” 


Women taking estrogens should also be informed of their increased risk of 
endometrial cancer. If a decision is made to use one of the drugs known to increase 
the risk of endometrial cancer, patients should be advised to seek immediate 
medical attention if they experience symptoms of endometrial carcinoma. Patients 
should also understand the importance of undergoing an annual gynecologic 
examination. 


BLADDER CANCER 


According to the American Cancer Society, nearly 82,000 people in the United 
States are diagnosed with bladder cancer annually and approximately 17,000 of 
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these will succumb to the disease. The median age of diagnosis is 65 years, and the 
disease is rarely diagnosed in individuals younger than 40 years of age. Currently, 
no established methods exist for screening or prevention. !?!:!32 


CAUSATIVE AGENTS 


Cyclophosphamide has long been known to cause cancer of the bladder when used 
to treat malignant or nonmalignant conditions (Table 57-1). Another agent with 
links to bladder cancer is pioglitazone (an oral antidiabetic agent in the 
thiazolidinedione class). Although a link between pioglitazone and bladder cancer 
was not identified when the drug was approved in 1999, accumulating 
postmarketing evidence has led to an update in the package insert to reflect this 


cancer risk, !32,133 


EPIDEMIOLOGY 


Risk for bladder cancer after cyclophosphamide use varies with cumulative drug 
dose.!*4 NHL patients receiving 20-49 g of cyclophosphamide have a sixfold 
increased risk of bladder cancer; those receiving 50 g or more have a 14.5-fold 
increased risk as compared with controls.!*> In the noncancer setting, the absolute 
risk of bladder cancer in a cohort of patients treated with cyclophosphamide for 
granulomatosis with polyangiitis, formerly known as Wegener granulomatosis, was 
found to be 10% at 16 years after diagnosis.!*° 


Postmarketing observational studies have suggested a link between long-term 
use (>24 months) of pioglitazone and the development of bladder cancer. One 
retrospective cohort from the French health insurance database demonstrated 
increased risk of bladder cancer (overall HR 1.22, 95% CI 1.05—1.43; exposure 
>24 months 1.34, 95% CI 1.04—1.79), which led to the suspension of pioglitazone 
use France in June 2011.!°”-'* In 2003, the manufacturer and the FDA agreed to a 
10-year observational study to evaluate the risk of bladder cancer with pioglitazone 
in diabetic patients. The 5-year interim analysis found that patients who received 
pioglitazone for longer than 24 months had a small but statistically significant 
elevated risk of bladder cancer (HR 1.4, 95% CI 1.0—2.0), a finding that has been 
confirmed in most, but not all, other studies. One study found patients who received 
pioglitazone for <24 months did not experience an increased risk and these authors 
concluded there was no statistically significant association between pioglitazone 
and bladder cancer.'°? However, in a study of 145,806 newly diagnosed diabetic 
patients treated with antidiabetic drugs and followed for 14 years, pioglitazone was 
associated with a 63% increased risk of bladder cancer. Rosiglitazone was not 
associated with increased risk, suggesting bladder cancer 1s drug-specific and not a 
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class effect.'*° Pioglitazone is still available in the United States, and the package 
insert includes a warning regarding bladder cancer risk. !°>.'4! 


MECHANISMS 


Two metabolites of cyclophosphamide, acrolein and phosphoramide mustard, are 
thought to cause bladder cancer (Table 57-2). Both metabolites form DNA adducts, 
which can lead to mutation and subsequent carcinomatosis. Acrolein has been 


shown to cause urinary bladder papilloma formation in both animals and humans. !*4 
In one series, many samples of human bladder tumor tissue were found to contain 
mutations of tumor-suppressor gene p53 that were consistent with known 
phosphoramide mustard—induced changes. !47 

The mechanism by which pioglitazone may induce bladder tumors has not been 
fully elucidated. One potential mechanism has been described from animal studies 
and involves the agonist nature of pioglitazone on the peroxisome proliferator- 
activated receptors (PPARs) found on urothelial cells. In theory, this direct agonist 
activity may be the cause of bladder carcinogenesis. !4?-!44 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Symptoms of bladder cancer are very nonspecific and include hematuria and 
dysuria (Table 57-3). In patients with more advanced bladder cancer, upper 


obstruction or pain may also occur. !34 


RISK FACTORS 


Higher cumulative doses of cyclophosphamide (both oral and intravenous), 
especially doses >20 g, place a patient at increased risk for bladder cancer (Table 
57-5). In addition to dose-dependent risk, some literature suggests that antecedent 
hemorrhagic cystitis may be associated with a future increased risk of bladder 


cancer. !*4 Cigarette smoking and aromatic amine exposure (from the manufacture of 
certain plastics, dyes, or pesticides) are additional risk factors for cancer of the 


bladder. '*° Pioglitazone use over 24 months has also been linked with increased 
risk of bladder cancer.!°?!4! 


MORBIDITY AND MORTALITY 
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Specific mortality rates from cyclophosphamide-induced bladder cancer have not 
been reported. In general, the 5-year survival rate for those diagnosed with local 
disease is good compared with those diagnosed with advanced disease. The 5-year 


survival rate for local disease is 70% versus 8% for advanced disease. !?! 


PREVENTION 


Methods to prevent cyclophosphamide-induced bladder cancer are presented in 
Table 57-6. Mesna, a drug commonly given in combination with high-dose 
cyclophosphamide to prevent hemorrhagic cystitis, has been associated with a 
reduction in the incidence of cyclophosphamide-induced bladder tumors in rats, 
although this effect has not been proven in humans.!*° There are no published data 
regarding the effect of mesna on the rate of secondary bladder cancer in patients so 
the use of mesna for this indication has not been established. !*4 


Avoiding the use of cyclophosphamide may be the best preventive strategy 
when alternative therapies are available. When the drug must be given, using a 
cumulative dose of <20 g is desirable because this amount may not be associated 
with an increased relative risk of bladder cancer.!*+!3° Patients who require 
prolonged treatment and cumulative doses of >20 g of cyclophosphamide could 
theoretically benefit from the concurrent administration of mesna, although, as 
noted, conclusive evidence is lacking. 


Some literature suggests the risk of bladder cancer may increase with 
pioglitazone therapy lasting longer than 24 months. Therefore, prevention strategies 
would include avoiding the use of this medication or avoiding its use for >24 
months.'? Over the past decade several new agents have been approved for the 
management of type 2 diabetes mellitus. Therefore, pioglitazone avoidance is a 
reasonable option for healthcare professionals concerned with pioglitazone- 
associated bladder cancer. 


MANAGEMENT 


Transurethral tumor resection can be used for patients with localized bladder 
cancer. When the musculature of the bladder is involved, radical cystectomy is a 
common treatment. Patients may receive intravesical therapy with Bacillus 
Calmette-Guerin or intravesical chemotherapy in the adjuvant setting. Depending on 
the depth of invasion, neoadjuvant chemotherapy can be considered. Concomitant 
radiotherapy may also be used in select patients. The NCCN provides the most up- 


to-date guidelines for health professionals on the management of bladder cancer.!°? 
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INFORMATION FOR PATIENTS 


Patients who receive cyclophosphamide or pioglitazone should be warned about 
the increased risk of bladder cancer. They should be advised to immediately report 
abnormal urinary symptoms, including hematuria and dysuria. Although there are no 
specific recommendations for bladder cancer screening, it may be reasonable to 
screen patients receiving long-term cyclophosphamide therapy using urinalysis and 
urine cytology. 
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CHAPTER 58 





Teratogenicity 


Kylie N. Barnes 


Teratogenic exposure is defined as exposure to an exogenous agent that can modify 
normal embryonic or fetal functional or structural development.'! An exposure to a 
substance may increase risk; however, some exposures may have no impact at all. 
When evaluating the risk of drug-induced teratogenicity, it is important to consider 
exposure level, which includes the dose of the drug and the extent to which a 
patient may be concomitantly exposed to other substances associated with the same 
developmental risks. For example, a pregnant woman who is a cigarette smoker 
(known to be associated with low birth weight) exposed to a drug known to 
increase the risk for low birth weight is at greater risk of having a low birth weight 
infant born as a result of the exposure to two teratogens.” Although teratogenic 
exposure is often associated principally with an increased risk of major congenital 
anomalies (defects incompatible with life or requiring major corrective surgery), 
they are also associated with an increased risk for adverse pregnancy outcomes, 
including spontaneous abortion, stillbirth, minor structural anomalies (e.g., ear tags, 
extra digits, bent or curved fingers known as clinodactyly), preterm birth, 
intrauterine growth restrictions (IUGRs), and behavioral or cognitive deficits. 


Some prescription and over-the-counter medications can be teratogenic. 
Additionally, recreational drugs, alcohol, nicotine, some chemicals, maternal 
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infections and conditions during pregnancy, chromosomal disorders, and heredity 
may also have a negative impact on fetal development.” Due to ethical concerns, 
clinical studies specifically evaluating drug-induced teratogenicity in humans are 
lacking, and information regarding patients’ direct exposure to medications during 
pregnancy can be limited. 


For many medications, information regarding effects on pregnancy and the 
developing fetus are based on experimental animal studies and human data are 
unavailable. Animal data can be useful in indicating potential adverse effects; 
however, interpretation of this information requires an understanding of the 
differences in pharmacokinetics of the drug in the animal model and in humans, and 
that information is not always available. Although case reports of adverse effects of 
medications administered during pregnancy are available in the medical literature 
and/or through U.S. Food and Drug Administration (FDA) surveillance documents, 
these reports often lack critical information regarding concomitant exposure to 
other potential teratogens and potential environmental exposures. As a result, 
causality assessment is often very difficult. In 1965, a list of criteria for causation 
was published that focuses on the strength of association, consistency of the 
association, specificity, temporal relationship, coherence, biologic gradient, 
biologic plausibility, experimentation and analogy assessing other cause-effect 
relationships. This list for causation is often used as a baseline for practitioners to 
help assess teratogenic causality.® All criteria do not have to be met to consider an 
association as causal; however, the more criteria met, the greater the odds of causal 
relationship. In all cases, it is also important to take into consideration maternal 
physiological changes and their impact on drug metabolism, the fetal developmental 
stage at the time of proposed drug exposure, and the impact confounding variables 
may have on the fetus. 


Retrospective and prospective data are also available from pregnancy 
registries that collect information regarding exposure to specific drugs or groups of 
drugs. Typically these registries monitor for major birth defects and can be good 
sources of early information regarding a new drug. Although sample size in these 
registries is often insufficient to prove an association between a suspect drug and a 
teratogenic effect, trends may be identified. 


Case-controlled studies that retrospectively evaluate a specific outcome or a 
particular birth defect are available for some medications, and these often allow 
for collection of information about potential confounding variables (e.g., age; 
socioeconomic status; use of alcohol, tobacco, and/or illicit drugs). A major 
limitation in case-controlled studies is recall bias wherein women who have a 
negative pregnancy outcome are more likely to recall details of their pregnancy and 
exposures than those who had a normal outcome. It is also difficult to evaluate an 
agent for increased risk retrospectively, when the full pattern of the anomaly is not 
well understood. 
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Because specific, unambiguous data regarding a medication’s potential for 
teratogenicity are not always available, evaluating the risk versus benefit of using a 
given drug to treat a specific condition in a given patient can constitute a significant 
challenge for clinicians. 


HISTORY AND REVIEW OF TERATOGENICITY 





Prior to the 1940s, it was generally believed the placenta provided a protective 
barrier for the developing embryo and fetus. Naively, clinicians believed that 
mothers could be exposed to agents and they would not impact normal gestational 
development. An Australian ophthalmologist, Norman Gregg, first raised the idea 
that exposure to an agent during pregnancy could cause harm to the developing fetus 
after he noticed an increasing number of children diagnosed with congenital 
cataracts shortly after a rubella epidemic. His findings led to further investigations 
that identified additional developmental abnormalities associated with fetal rubella 
infection, including congenital heart defects, hearing deficits, poor growth, and 
thrombocytopenia.” 


During the early 1960s, an Australian obstetrician and a German geneticist 
together observed that first trimester maternal use of thalidomide, a sedative- 
hypnotic agent, was associated with the appearance of a characteristic pattern of 
limb reduction anomalies and other defects.!°-!! Thalidomide had undergone testing 
in rodents during product development and had not shown any effect on limbs. 
Early studies were not well conducted, however, and later work revealed 
intravenous administration of thalidomide in rats produced skeletal abnormalities 
involving the ribs, vertebra, hips, and tail.!* Additional studies in rabbits showed 
an increased sensitivity to thalidomide embryo toxicity as compared to rats, a 
difference that was determined to be due to pharmacokinetic variation between the 
species. !? As a result of slow detection of risk, many babies were born with severe 
deformities of the arms and legs, as well as other life-altering malformations. This 
finding led to the realization that therapeutic agents could induce malformations and 
cause harm. New concerns regarding other drugs and potential for harm began 
surfacing. 


Today, many obstetricians and other healthcare providers instruct patients to 
avoid exposure to all medications during pregnancy due to concerns for potential 
harm to the developing fetus. Despite this advice, drug use during pregnancy 1s 
fairly common. Studies have shown that approximately 70% of women use at least 
one prescription medication during their pregnancy and over 90% use at least one 
prescription or an over-the-counter medication.!* In many cases, these medications 
are essential for the health of the mother or fetus; however, in other cases, the 
exposure could be avoided. 
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Roughly 50% of women of reproductive age rely on the Internet for their health 
information, and they are more likely to share prescription medications with and/or 
borrow prescription medications from others. These factors increase concern 
regarding medication exposure during pregnancy—especially exposure that may 
occur before the pregnancy is known. !4 


In this chapter, we focus on mechanisms of placental drug transfer and the drugs 
known to cause major fetal structural or functional abnormalities. Birth defects that 
are due to other causes (e.g., hereditary, chromosomal deficits, maternal illness, or 
chronic conditions) will be noted when known to have a significant impact on fetal 
development. 





MECHANISMS OF PLACENTAL TRANSFER 


Classification of mammalian placentas is based on the number of layers between 
maternal and fetal blood; the layers include the hemochorial (rat, rabbit, guinea 
pig), endotheliochorial (cat, dog), and epitheliochorial (sheep, pig, horse).!° 
Human placentas are of the hemochorial type in which fetal tissue is in direct 
contact with maternal blood.!? The different structural types of the various 
mammalian placentas affects their function, including the transfer and metabolism 
of drugs. Variation makes it difficult to utilize data from animal studies to predict 
how a human fetus might respond to maternal drug exposure. This variability also 
helps explain why data may show no fetal impact of drug exposure during 
pregnancy in one species but significant impact in others. 


The human placenta begins forming during early pregnancy at the point of 
implantation, just shortly after conception, and immediately helps with general 
nutrient exchange between the mother and fetus. By the end of the first trimester, the 
placental circulation has fully developed, and the placenta separates the blood 
supplies from the mother and the fetus.'° The placenta receives its own blood 
supply and perfusion by both the mother and fetal circulations. The main purpose of 
the placenta is to provide nourishment and oxygen to the fetus. Many nutrients, 
including glucose, amino acids, and vitamins are delivered through the placenta 
from the mother to the fetus through specific transport mechanisms. The placenta 
also helps facilitate the removal of metabolic waste products from fetal blood, 
delivering the waste to the maternal circulation for removal. The placenta 
undergoes significant change throughout pregnancy. As pregnancy progresses, the 
placenta thins and increases in surface area to keep up with the nutritional and 
energy demands of the growing fetus. At 28 weeks gestation, the average placental 
exchange area is 3.4 m’ and increases to an impressive 12.6 nm” by term. The 
diffusion distance is also impacted throughout the pregnancy, starting at 50-100 
micrometers around 8 weeks, decreasing to 4-5 micrometers at pregnancy term. !° 
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Almost all drugs the mother takes during pregnancy will enter into fetal 
circulation via passive diffusion through the placenta, although the extent varies. 
Additionally, there are active transporters on both the fetal and maternal side of the 
placenta that actively pump some drugs across the placenta.'’ The extent of 
placental transfer depends on the molecular weight of the drug, the extent of drug 
binding to the plasma protein, and the overall lipophilicity of the drug. Most drugs 
with a molecular weight <600 Da cross the placenta, while drugs >1,000 Da cross 
very poorly (e.g., heparin, insulin).!° Of note, larger drugs (e.g., monoclonal 
antibodies) pass through the placenta through active transport in a linear fashion, 
with minimal transport occurring during the first trimester and maximum transport 
occurring during the third trimester.'!* Drugs whose molecular weights fall between 
500 and 1,000 Da typically have incomplete transfer across the placenta, and the 
amount of drug transfer can vary. !° 


Nonionized drugs have a tendency to cross the placenta more readily than 
ionized drugs. Fetal blood often has a lower pH than maternal blood. Hydrogen 
ions bind to the nonionized form of the drug leading to ion trapping and resulting in 
higher drug concentrations in the fetal blood. This becomes particularly important 
with the local anesthetics, which are mostly weak bases. Fetal acidosis produces 
higher fetal drug concentrations because of binding of hydrogen ions to nonionized 
forms of the drug, leading to trapping of the local anesthetic in fetal circulation. 


In general, highly lipophilic drugs have increased placental transfer. However, 
extreme lipophilicity may actually impede transfer as highly lipophilic substances 
may accumulate in the placenta. In these cases, the drug is absorbed by placental 
tissue, where it is stored, and it is not readily released into fetal circulation. 


FACTORS AFFECTING TERATOGENICITY 


Factors to consider when evaluating patients and drugs for teratogenicity risk 
include maternal physiologic changes that can impact drug levels throughout 
pregnancy, fetal susceptibility to the drug based on the developmental stage at the 
time of exposure, and the anticipated exposure level (the dose of the drug and the 
extent to which the patient may be concomitantly exposed to other substances 
associated with the same developmental risks). 


Throughout pregnancy, a woman’s body undergoes many changes, including 
physiological changes that can impact drug metabolism and clearance. These 
changes can also influence medication dosing, requiring in some cases larger doses 
than typically seen in the nonpregnant population. 

The impact of drug exposure on a developing fetus is highly dependent on the 
timing of exposure. The term gestational timing is often used to describe the 
timeframe within which an exposure must occur to have an impact on fetal 
development. For example, the critical window for an agent to interfere with the 
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closure of the neural tube during fetal embryology is between days 21 and 28 after 
conception.!? For a drug to induce an increased risk of neural tube defects, the 
mother must take it prior to the second month of pregnancy. If the mother does not 
start taking the drug until later in pregnancy, the critical window has passed, and 
development of a neural tube defect would not be due to exposure to the drug. 
Drugs can have a different impact on development throughout different stages of 
pregnancy as well. For example, when warfarin is taken by a mother during the first 
6-9 weeks of pregnancy, there is an increased pattern of nasal hypoplasia and 
skeletal abnormalities.! However, when warfarin is taken later in pregnancy, an 
increased risk in central nervous system (CNS) abnormalities is observed. The 
increased risk of nasal hypoplasia and skeletal abnormalities is likely due to 
vitamin K_ deficiency, whereas the CNS abnormalities are due directly to 
complications from fetal bleeding when warfarin is used during the second and 
third trimesters.7? Interestingly, exposure during the first 2-4 weeks after 
conception poses little risk for harm. Early embryonic cells are able to replace 
themselves if there is damage due to exposure to a causative agent. If the magnitude 
of cell loss or damage is too great, however, spontaneous abortion can result.”! 


Congenital anomalies are defined as abnormalities that are present at birth, 
although they may be diagnosed in utero, at the time of birth, or months or years 
after the child is born. In the United States, birth defects occur in 1 of every 33 
babies each year (3%), affecting an estimated 120,000 babies annually. Birth 
defects are also the leading cause of infant deaths, accounting for 20% of all infant 
deaths.’* Typically, the anomalies are structural in nature; however, they may not 
always be inherently visible, as in mental retardation. Often birth defects are 
present at the time of conception and are due to genetic or chromosomal 
abnormalities as, for example, with Down syndrome. However they can also 
develop as a result of exposures or disruptions during the embryonic period or 
early fetal period, as with spina bifida, or result from exposures throughout 
gestation due to maternal pre-existing conditions (e.g., diabetes, hypertension, and 
psychological disorders), environmental exposures, and drug exposures. Defects 
can vary froma minor to a major anomaly. 


CONDITIONS ASSOCIATED WITH 


TERATOGENICITY 





LEARNING DISABILITIES 


Learning disabilities are conditions characterized by an inconsistency between 
potential and actual levels of intellectual ability. They can involve disabilities or 
impairments in physical, learning, language, or behavior areas and include issues 
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with concentration, attention, language development, or visual and aural 
information processing. For children with learning disabilities, struggles can 
include the ability to use or understand spoken or written language, complete math 
problems, coordinate movements, or focus their attention on specific tasks. They 
typically begin during the developmental period and usually persist throughout 
life.?° 


CAUSATIVE AGENTS 


Learning disabilities can either be congenital or acquired; however, no single cause 
has been identified. Prenatal exposure to anticonvulsant drugs, specifically 
valproic acid monotherapy, has been associated with reduced cognitive ability, 
autistic spectrum disorders including childhood autism, Asperger syndrome, 
atypical autism, and additional educational needs in exposed children.***° A recent 
prospective observational study evaluated 224 children exposed to anticonvulsant 
drugs during the prenatal period for 6 years of follow-up and found children 
exposed to valproic acid did poorly on measures of verbal and memory abilities 
and had lower IQs at age 6 when compared to children exposed to other 
anticonvulsant agents.2° Phenytoin exposure has been associated with mental 
deficiency and an average IQ score 10 points lower in children when compared to 
children not exposed to phenytoin.*”?° Additionally, some studies have suggested 
risk for developmental delay after prenatal exposure to carbamazepine; however, 
other studies have not confirmed this finding.7°7?”? 


EPIDEMIOLOGY 


Recent data estimate 8—10% of American children under 18 years of age have some 


type of learning disability.*! The incidence of drug-induced learning disabilities is 
unknown. 


MECHANISMS 


The cause(s) of learning disabilities is not known. Possible causes include 
heredity, teratogenicity, problems during pregnancy and birth (e.g., lack of oxygen, 
premature labor), or incidents after birth (e.g., head injury, nutritional deprivation). 
One theory suggests that learning disabilities occur as a result of small disturbances 
in brain development in areas dealing with language.*” The effects of antiepileptic 
drugs on cognition and neurological development are not well known; however, 
animal studies have shown that in utero exposure can induce both anatomical and 
behavioral anomalies. The exact mechanism for the behavioral anomalies is not 
known, although evidence suggests the mechanism is multifactorial and results from 
folate deficiency, ischemia, neuronal suppression, detrimental effects of reactive 
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intermediates, and antiepileptic drug-induced neuronal apoptosis leading to 
dysfunction in remaining neurons.*? It is important to note that learning disabilities 
are not caused by economic disadvantage, environmental factors, or cultural 
differences. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Learning disabilities include a spectrum of disorders that affect the way the brain is 
able to process information and can vary greatly in severity. Children with learning 
disabilities usually have average or above average intelligence but struggle with 
some aspects of learning. Identifying letters of the alphabet may be an easy task for 
the child, but putting the letters together to read may become confusing and difficult. 
Children with learning disabilities may present as frustrated, angry, or depressed 
and may have poor self-image due to struggles accomplishing tasks they see their 
peers mastering with little difficulty. 


Learning disabilities are usually discovered during the first years of elementary 
school as the child is beginning to learn to read and write. To obtain a diagnosis, a 
specialist must formally evaluate the child at 5—7 years of age, and then the tests are 
repeated as the child gets older. If problems are noticed or suspected at younger 
ages, testing is usually delayed because learning styles and speed varies greatly 
during the early years of childhood development, and results are often inconclusive. 


RISK FACTORS 


Maternal social history is important, as smoking, alcohol, and cocaine exposure in 
utero have been linked to developmental delays in children. Additionally, other 
factors in an infant’s environment including poor nutrition and exposure to toxins 
such as lead in water or paint can increase risk for development of a learning 
disability.*4 


MORBIDITY AND MORTALITY 


Learning disabilities can be an isolated learning problem with little impact on a 
child’s life or can occur as several overlapping learning disabilities that have 
lasting implications and are lifelong conditions. The extent of impact a learning 
disability can have depends on the learning disability itself; when it is detected, 
and the resources available for help. Children born with a learning disability may 
require a variety of treatments throughout life to manage that disability. The most 
common treatment for learning disabilities is special education. Once a learning 
disability is suspected, trained educators will perform diagnostic testing and 
evaluations to assess the child’s academic and intellectual performance and 
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potential. The exact approach for treatment will vary per child, but 1s centered on 
teaching learning skills by building on abilities and strengths, while compensating 
for disabilities and weaknesses. Depending on the child’s limitations, other health 
professionals such as speech and language therapists may be added to the care 
team. If the child struggles with attention and/or concentration, behavioral therapy 


and pharmacotherapy may be added.*» 


LOW BIRTH WEIGHT 


Low birth weight is defined as an infant born weighing <2,500 grams, or 5.5 
pounds, and can occur because an infant is born too small, too early, or a 
combination of both. An infant’s weight at birth often correlates closely with their 
gestational age and is a good predictor of both short- and long-term outcomes.*° 
When an infant is born smaller than the usual size for a baby born at the same 
number of weeks gestation, the term small for gestational age is used. Small for 
gestational age babies have birth weights below the 10th percentile when compared 
to babies of the same gestational age.*’ Additionally, small for gestational age 
babies may be born premature, at term, or post-term and may be equally small all 
over, or be of normal length, but lower in body weight and mass. When compared 
to infants born at a normal weight, low birth weight infants carry a higher risk for 
many health problems, are at higher risk of developing infections, and may 
potentially suffer from delayed motor and social development or learning 
disabilities. 


CAUSATIVE AGENTS 


Maternal exposure to phenytoin, corticosteroids, and warfarin have been linked to 
lower birth weights in infants.**4? Calcium-channel blockers, angiotensin- 
converting enzyme inhibitors, and beta-adrenergic receptor blockers have been 
associated with IUGR leading to infant lower birth weight; however, it is difficult 
to determine whether the increased risk is due to the medication exposure or the 


underlying disease state.*!-*° 


EPIDEMIOLOGY 


In 2014, the overall incidence of low birth weight in infants in the United States 


was 8% (318,847 out of 3,988,076 registered live births, or roughly 1 in 12).4? The 
overall incidence of drug-induced low birth weight or small for gestational age 
births is unknown, but it is likely very low. An estimated 70% of low birth weight 


babies are born prematurely, or prior to 37 weeks gestation.*? One-fourth to one- 
third of infants born with a low birth weight are found to have sustained IUGR.~° 
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IUGR affects 3-9% of pregnancies and is the leading cause of perinatal mortality 
and morbidity.>! 


Maternal corticosteroid use has been associated in some studies with lowering 
birth weight, but recent literature indicates impact may be minimal after one or two 
short courses of therapy.**°? A randomized trial evaluating the impact of a single 
rescue antenatal steroid course compared to placebo in 113 cases showed no 
difference in birth weight. In a study evaluating single versus repeat courses of 
antenatal corticosteroid courses in pregnant patients, repeat dosing was associated 
with decreased birth weight below the 10th percentile when compared to a single 
course (p = 0.048), causing the data and safety monitoring committee to stop the 
trial early.*? 


Calcium-channel blockers and beta-adrenergic blockers have both been 
associated with intrauterine IUGR and low birth weight. It can be difficult to 
determine true causality because chronic hypertension has also been linked to 
IUGR, low birth weight, and premature birth.2° Calcium-channel blockers, 
specifically nifedipine, have been associated with changes in infant birth weight. 
However, in a study of 145 pregnant women receiving nifedipine or placebo, there 
was no significant difference between the two groups in the percentage of infants 
weighing less than the 10th percentile (OR 0.8, 95% CI 0.4—1.4) or in the mean 
birth weight.*! Similarly, beta-blockers, in particular atenolol, have been linked to 
fetal growth restriction when taken in early pregnancy.” A retrospective study of 
78 pregnancies exposed to atenolol showed atenolol use associated with fetal 
growth restrictions, specifically when used in early pregnancy and continued 
through delivery.*? Another randomized trial evaluated atenolol 100 mg daily 
compared to placebo when given prior to 24 weeks gestation in normotensive 
women with high cardiac output to help prevent development of pre-eclampsia. The 
results were similar, with infants exposed to atenolol weighing 440 g less than 
infants in the placebo group (p = 0.02).4 The smallest infants were born to mothers 
treated with atenolol who also experienced the largest reductions in cardiac output. 
An additional retrospective study evaluating 158 pregnancies in women with 
cardiovascular disease found a significant difference in the incidence of fetal 
growth restrictions between beta-blockers and placebo (p <0.05). The beta-blocker 
group included propranolol, metoprolol, atenolol, and bisoprolol, and_ the 
incidence of fetal growth restriction varied depending on the agent used (35%, 
17%, 33%, and 0%, respectively). 

Conversely, a recent meta-analysis (7 studies of 802 women) evaluating use of 
antihypertensive medications, including beta-blockers, calcium-channel blockers, 
and others, for chronic hypertension in pregnancy showed no difference in birth 
weight (weighted mean difference 60 g, 95% CI 200-80 g).4’ A common theme 
raised by many authors is that fetal growth changes are likely impacted by many 
factors other than just maternal blood pressure. Before initiating therapy for 
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hypertension, it is important to consider the mother’s starting blood pressure, timing 
of gestation relative to the start of drug therapy, and the treatment goal.** 


MECHANISMS 


The two most common reasons for low birth weight are premature birth and 
TUGR.>° Understandably, babies born prior to full term are at greater risk for lower 
birth weight. Growth-restricted babies, on the other hand, may have a lower birth 
weight for a number of reasons. Some growth-restricted babies may be small 
simply because their parents are small. Others may have a lower birth weight 
because something stopped or slowed their growth during development. The cause 
of IUGR is not always known, but risk factors have been identified. Maternal 
hypertension, for example, can cause the small blood vessels in the placenta to 
tighten, allowing less blood and nutrients to cross to the baby. This can potentially 


cause delayed or restricted growth for the developing fetus.°° 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


As defined above, low birth weight infants are those born weighing <2,500 grams, 
or 5.5 pounds. Infants born small for gestational age have birth weights below the 
10th percentile when compared to other babies of the same gestational age. A 
careful exposure history is necessary to determine whether or not drugs were the 
likely or possible cause of low birth weight. Other causes may be ruled in or out 
based on the timing of delivery, the mother’s health status, and/or other conditions 
present at birth. 


RISK FACTORS 


Risks factors for drug-induced low birth weight include exposure to known 
causative agents during pregnancy; however, the exact cause of low birth weight, or 
fetal growth restriction, is not always known. Chromosomal disorders, such as 
trisomy 21, have also been linked to an increased risk of low birth weight. 
Additionally, several maternal conditions have also been linked to an increased 
risk, including hyperthyroidism and hypertension, maternal infections during 
pregnancy, including cytomegalovirus, rubella, chickenpox, and toxoplasmosis, 
lack of weight gain for the mother during pregnancy, a previous preterm birth, 
maternal age <15 or >35, and social and economic factors (low income, low 
educational status, stress, domestic violence or abuse, and unmarried status).47°7°° 

Maternal cigarette smoking has also been associated with a decrease in infant 
birth weight of approximately 135-300 g.>?- Interestingly, when smoking cessation 
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can occur prior to the third trimester, the effect on decreased birth weight is 
reduced.°! A reduction in birth weight is also associated with maternal alcohol 
consumption, even in amounts as little as 2 drinks per day.®” Use of cocaine has 
been associated with a restriction in growth leading to lower birth weights and to a 
reduction in head circumference.” 


MORBIDITY AND MORTALITY 


Birth weight is an indicator of fetal growth, and low birth weight predicts short- 
term survival in newborns more reliably than any other characteristic. Small body 
size at birth is also an important predictor of long-term health. The incidence of 
morbidity, hospitalizations, or death associated with drug-induced low birth weight 
in infants is more difficult to determine.’ Research has shown an estimated 1.1 
million babies die annually from complications of preterm birth. Additionally, 
low birth weight increases the infant’s risk of developing diabetes and 
cardiovascular diseases later in life.°°’ Many cohort studies have demonstrated an 
inverse relationship between birth weight and adult morbidity and mortality from 
cardiovascular diseases. However, available data do not consider environmental 
factors, social factors, or genetic factors that may contribute to fetal development. 


OROFACIAL CLEFTS 


Cleft lip and cleft palate are birth defects that occur when a baby’s lip or mouth 
does not form properly during fetal development. Together, these anomalies are 
commonly referred to as orofacial clefts. The lip forms between weeks 4 and 7 of 
pregnancy, as tissue and cells from each side of the head grow together to form the 
face. A cleft lip occurs when the tissue that forms the lip does not completely join 
together before birth. As a result, the lip remains open and appears split (Figure 
58-1). The opening can be a small slit along the lip line or can be a large opening 
that extends up into the nose. The palate forms between weeks 6 and 9 of 
pregnancy, as tissues form together to make the roof of the mouth. A cleft palate 
occurs when there is a disruption in the joining of the tissues, resulting in an 
opening of the palate. The extent of the opening can vary, with the front and back of 
the palate remaining open, or only a small part of the palate remaining open (Figure 
58-2). 
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FIGURE 58-1 Cleft Lip 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.gow/ncbddd/birthdefects/cleftlip.html. 





FIGURE 58-2 Cleft Palate 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.govw/ncbddd/birthdefects/cleftlip.html. 


CAUSATIVE AGENTS 


Several medications have been linked to orofacial cleft development when used in 
early pregnancy. Prenatal exposure to drugs, including phenytoin, primidone, 
carbamazepine, oxcarbazepine, phenobarbital, ethosuximide, valproic acid, 
topiramate, lamotrigine, mycophenolate, isotretinoin, corticosteroids (topically and 
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systemically), benzodiazepines, and beta-2 agonists, have been associated with an 
increased risk of orofacial cleft.°*”4 


EPIDEMIOLOGY 


It is estimated that about 2,650 babies are born with a cleft palate and 4,440 babies 
are born with a cleft lip with or without a cleft palate every year in the United 
States (a total of about 1 in 600 babies). The overall incidence of drug-induced 
orofacial clefts is unknown. The incidence of orofacial clefts associated with use 
of specific agents during pregnancy, where known, 1s discussed in further detail 
below. 


A large meta-analysis designed to compare safety during pregnancy evaluated 
96 studies involving 58,461 patients exposed to antiepileptic medications during 
pregnancy, including ethosuximide, primidone, topiramate, phenobarbital, 
phenytoin, carbamazepine, oxcarbazepine, gabapentin, and levetiracetam used as 
monotherapy and in combination therapy. The following monotherapies were 
associated with significantly more cases of cleft lip and/or cleft palate when 
compared to control: ethosuximide (OR 22.22, 95% CI 4.56—87.64), primidone 
(OR 7.68, 95% CI 1.41—29.27), topiramate (OR 6.12, 95% CI 1.89—19.05), 
phenobarbital (OR 5.75, 95% CI 2.41—14.08), phenytoin (OR 3.11, 95% CI 1.31- 
7.72), and valproic acid (OR 3.26, 95% CI 1.38—5.58). Additionally, the following 
combination therapies were associated with significantly more cases of cleft lip 
and/or cleft palate when compared to control: phenobarbital, phenytoin and 
primidone (OR 11.5, 95% CI 1.70—63.48), phenytoin and primodone (OR 16.75, 
95% CI 3.02—77.19), carbamazepine and phenobarbital (OR 18.51, 95% CI 3.34— 
94.21), and carbamazepine and valproic acid (OR 19.12, 95% CI 3.74-88.68). 


A large study evaluated 4,459 cases of valproic acid exposure during 
pregnancy and identified 50 cases of orofacial cleft. Thirteen cases occurred in 
1,282 valproic acid monotherapy-exposed pregnancies. Nine of those patients 
experienced isolated cleft palate, and four developed cleft lip and cleft palate, 
representing an 11.3-fold and 3.5-fold increase risk for isolated cleft palate and 
cleft lip and palate, respectively. 

Maternal lamotrigine use has also been associated with an increase in cleft 
palate development, with rates ranging between 2% and 5.6%.’’ A review of 684 
women taking lamotrigine as monotherapy during pregnancy found that 16 of the 
infants had a major malformation. Of those, five had oral clefts (7.3 per 1,000) with 
three cases of isolated cleft palate, one case of isolated cleft lip, and one case of 
cleft lip and palate. This represents a 10.4-fold increase (95% CI 4.3—24.9) in 
isolated left palate development when compared to 206,224 unexposed infants 
surveyed at birth.’> However, most studies have demonstrated much lower risks. 
One study conducted in the United Kingdom reported only one infant (0.1%) with 
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cleft palate identified among 1,151 mothers exposed to lamotrigine.’”” In another 
study, only one infant was born with oral cleft among 1,558 lamotrigine-exposed 
mothers.*° 


Mycophenolate is an immunosuppressant used in transplant patients to prevent 
rejection and in autoimmune conditions to help reduce inflammation. Maternal use 
of mycophenolate during pregnancy has been linked to several malformations, 
including craniofacial malformations with orofacial clefts. Craniofacial 
malformations were reported in 12 of 14 infants exposed to mycophenolate during 
development.’*!-°! Seven of the infants had an orofacial cleft with four cases of 
cleft lip and palate, two cases of cleft palate, and one case of bilateral oblique 
facial cleft. 


Isotretinoin was approved for use in the United States in 1982. Shortly after 
approval, several publications appeared warning of the human teratogenic potential 
associated with isotretinoin use during pregnancy or in women who may become 
pregnant. From September 1982 through July 1984, the FDA and Centers for 
Disease Control and Prevention (CDC) received reports of 154 isotretinoin- 
exposed pregnancies. In total, 95 were electively aborted, 12 aborted 
spontaneously, 21 had major malformations, and 26 infants were born without 
major defects. Of the 21 infants with major malformations, 3 were stillborn and 9 
expired shortly after birth.?*°’ Malformations observed in the 21 infants included 
CNS. defects, craniofacial defects, cardiovascular defects, brachial-arch 
mesenchymal-tissue defects, thymal defects, spina bifida, nystagmus, hepatic 
abnormalities, hydroureter, decreased muscle tone, large scrotal sac, and limb 
reduction.?*"!0 


Data from the National Birth Defects Prevention Study (NBDPS) that 
investigated deliveries from 1997 to 2002 demonstrated an increased risk of cleft 
lip with or without cleft palate (OR 1.7, 95% CI 1.1—2.6) but not cleft palate only 
(OR 0.5, 95% CI 0.2-1.3) from maternal corticosteroid use.!9> Data collected 
between 2003 and 2009 showed an association between corticosteroids and cleft 
lip and palate (OR 1.0, 95% CI 0.7-1.4).'% 

Results of studies searching for a link between maternal benzodiazepine use 
and infant orofacial cleft development have been mixed. A positive association has 
mostly been found in retrospective case-control analyses, which raises concerns of 
recall bias. A meta-analysis evaluating all studies from 1966 to 1998 found no 
association between benzodiazepine exposure during pregnancy and cleft 
development (OR 1.19, 95% CI 0.34-4.15).” An additional review of 1,979 
infants whose mothers reported taking benzodiazepines during pregnancy did not 
show an increased risk in orofacial clefts.!°° However, a more recent meta-analysis 
of over 1 million pregnancies found a twofold increased risk of oral cleft 
development in infants of mothers exposed to benzodiazepines during pregnancy. ! 
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Bronchodilators are often needed to treat patients with asthma during 
pregnancy. A few studies have looked for an association between bronchodilator 
use during pregnancy and development of orofacial clefts. One study utilized the 
NBDPS to compare 2,711 infants born with orofacial clefts to 6,482 infants born 
without defects. Information regarding maternal medication use from 3 months 
before pregnancy to delivery was evaluated and reviewed. Albuterol was the most 
commonly used bronchodilator in this population and was used by 88.7% of the 
mothers who were exposed to bronchodilators. An association between 
bronchodilator use and cleft lip development was observed (adjusted OR 1.77, 
95% CI 1.08—2.88). A trend toward an increased cleft palate development risk was 
also observed, but statistical significance was not achieved (adjusted OR 1.53, 
95% CI 0.99-2.37). Maternal albuterol use was associated with cleft lip 
development (adjusted OR 1.79, 95% CI 1.07—2.99) and cleft palate development 
(adjusted OR 1.65, 95% CI 1.06—2.58). The authors were careful to note that it is 
unclear from their study if the increased risk of orofacial clefts is due to maternal 
exposure to bronchodilators, an increased severity of asthma, a combination of 
these factors, or chance. !°” 


MECHANISMS 


The mechanism of orofacial cleft development is not well understood, but it occurs 
when there is failure of the fusion of nasal processes and/or palatal shelves.!°% The 
exact etiology of cleft palate and lip development remains unknown; however, there 
are several risk factors associated with an increased prevalence. It is hypothesized 
that anything that disrupts cell proliferation, migration, adhesion, differentiation, or 
apoptosis involved in the growth and fusion on the face and palate before the end of 
week 6 of gestation can lead to development of a cleft lip and or cleft palate. 
Similar to most congenital malformations, genetics and chromosome disorders play 
a role in the increased risk of developing clefts. The teratogenic mechanism of 
isotretinoin is thought to result from an adverse effect on the initial differentiation 
and migration of cephalic neural crest cells. !0:!! 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Orofacial clefts, specifically cleft lip with or without cleft palate, are typically 
diagnosed during pregnancy through routine ultrasound. Some may be diagnosed 
after the baby is born, and this is often the case with cleft palates. Certain types of 
cleft palate (e.g., submucous cleft palates and bifid uvula) may not be diagnosed 
until later in life due to difficulty with detection. Children with clefts often suffer 
from abnormal nasal speech and speech difficulties, which can lead to further 
evaluation and discovery of the malformation. Differential diagnosis includes facial 
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teratoma, frontonasal dysplasia, premaxillary agenesis, and amniotic band 
syndrome. !!! 


RISK FACTORS 


Exposure to known causative agents during pregnancy increases the risk of 
orofacial clefts. In addition, an association has been identified between maternal 
well-being throughout the pregnancy and the development of fetal orofacial clefts. 
There is an association between maternal weight and cleft development with an 
increased risk of malformation in both over- and underweight patients. !!?-!! 
Febrile infections during early pregnancy have also been associated with 
development of clefts in the fetus.'!* Interestingly, acetaminophen use during the 
first trimester of pregnancy appears to reduce the risk of cleft development and 
appeared to decrease the risk of development in women who reported concomitant 
febrile infections in early pregnancy.!!> Pregestational diabetes has also been 
linked to oral cleft development.!'® The key to prevention is achieving well- 
controlled blood glucose levels prior to and during early pregnancy. 


Vitamin and mineral deficiencies, specifically vitamin B, and zinc deficiencies, 
have also been associated with an increased risk of orofacial clefts.!!7!!® Smoking 
and alcohol exposure during pregnancy have been tied to increased risk of 
orofacial clefts, as have maternal amphetamine, cocaine, and ecstasy use, 119,120 


MORBIDITY AND MORTALITY 


Children born with facial clefts have a significantly increased mortality risk 
compared to the baseline population.'*! One cohort study of 432,238 live births 
found a mortality rate of 36 per 1,000 cleft births.!*! More than 90% had anomalies 
in other organ systems in addition to the orofacial cleft, and those anomalies likely 
impacted the reported mortality rate. Treatments for children born with orofacial 
clefts will vary depending on the severity of the cleft. It is generally recommended 
that children have surgery to repair a cleft lip within the first 12 months of life and 
surgery to repair cleft palate within the first 18 months.!* Often children will need 
additional surgeries as they get older and their facial structures continue to grow 
and develop. Depending on the cleft type, the child may face problems feeding 
and/or speaking clearly, may experience an increased risk for ear infections, and 
may have dental and hearing issues. 


CONGENITAL HEART DEFECTS 
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Congenital heart defects represent the most common type of birth defect, and there 
are several different types of congenital cardiac malformations that may be present 
at birth. These vary in presentation and can affect both the structure and the function 
of the heart. 


CAUSATIVE AGENTS 


Maternal exposure to valproic acid, thalidomide, isotretinoin, lithium, risperidone, 
and selective serotonin reuptake inhibitors (SSRIs) during pregnancy has been 
associated with a possible increased risk for heart defects in the neonate.!?>"!7° A 
relatively low prevalence of congenital heart defects and the relatively small 
number of expectant mothers exposed to these drugs makes it difficult to obtain 
large enough samples to prove true associations. 


EPIDEMIOLOGY 


Congenital heart defects occur in 50-150 births per every 10,000.!*’ The overall 
incidence of drug-induced congenital heart defects is unknown. The incidence of 
cardiac malformations associated with use of specific agents during pregnancy, 
where known, is discussed in further detail below. 


Maternal valproic acid use during pregnancy has been linked to cardiac defects 
in the developing fetus, specifically anomalies of great vessels, patent ductus 
arteriosus, valvular aortic stenosis, ventricular septal defect, atrial septal defect, 
and Tetralogy of Fallot.!?°!34 One large cohort study evaluated 1,565 expectant 
mothers exposed to valproic acid and compared findings to controls not exposed to 
any antiepileptic therapy. Investigators found an increased risk for atrial septal 
defects (adjusted OR 2.5, 95% CI 1.44.4); however, there was no increased risk 
for other cardiac defects.!*> 


Thalidomide exposure during pregnancy has frequently been linked to 
cardiovascular abnormalities, including ventricular septal defects, atrial septal 
defects, Tetralogy of Fallot, cor triloculare, pericardial effusion, hypertrophy of 
atrium and ventricle, coarctation of the aorta, and systolic murmurs.!7°.3°!3? 
Cardiac defects occurring after thalidomide exposure have also been identified as a 
major cause of early death. Thalidomide-associated early death occurs in 30% of 
infants at birth and occurs in up to 6% of the survivors.'*° Overall, exposure to 
thalidomide during pregnancy has been associated with an estimated 20-50% 
increased risk of congenital malformation development. !4° 

Exposure to isotretinoin during pregnancy has been linked to several 
cardiovascular malformations, including transposition of the great vessels, 
Tetralogy of Fallot, double-outlet right ventricle, truncus arteriosus communis, 
ventricular septal defects, and atrial septal defects. !7° It is difficult to determine the 
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true incidence of isotretinoin-induced malformation because many pregnancies that 
occur in exposed patients are aborted either electively or spontaneously. 


In a cohort study of 1,360,101 pregnant women, risperidone was associated 
with a small increased risk in cardiac malformations (RR 1.26, 95% CI 0.88—1.81) 
when risk was evaluated independently of potential confounders. Specifics of the 
malformation were not specified, however.!?? The authors expressed concern for 
potential selection bias, as the cohort only analyzed live births, potentially missing 
any malformation documented in early pregnancy that resulted in spontaneous 
abortions, stillbirths, or planned terminations. 


Some literature suggests an association between lithium and an increased risk 
of Ebstein anomaly, which results in a downward displacement of the tricuspid 
valve within the right ventricle. In one study of 225 case reports of infants exposed 
to lithium during pregnancy, a total of 18 infants were found to have a 
cardiovascular birth defect. Six of these were Ebstein anomaly (1:20,000 births or 
0.5% of all cardiac heart defects).'*! Another cohort study evaluated 59 infants 
exposed to lithtum throughout pregnancy and found that 4 were born with a 
congenital heart defect but none had Ebstein anomaly.'** Two additional studies 
evaluated 233 infants born with Ebstein anomaly and found that none of the mothers 
had been exposed to lithium during their pregnancies. !**-'*4 The Motherisk Program 
conducted a prospective, controlled study of 148 women treated with lithium 
during the first trimester of pregnancy and found that the incidence of infants born 
with major malformations to women exposed to lithium was no higher than those in 
the control group.'*° Although early data suggested an association between lithium 
exposure and Ebstein anomaly, more recent work suggests the risk for Ebstein 
anomaly with lithium is much lower than originally estimated. 


Prior to 2005, SSRIs were considered relatively safe for use during pregnancy. 
In general, their use had not been found to carry an increased risk of major 
malformations over the baseline of 1—-3% found in the general population. Since 
then, several studies found SSRIs associated with an increased risk for 
cardiovascular malformations—in particular, ventricular septal defects.!4°!4” The 
first studies suggested paroxetine might be associated with an increased risk for 
septal defects.!4°!47 A population-based prevalence study was done and evaluated 
2,062 women with SSRI prescriptions during early pregnancy compared to 213,712 
women with no SSRI prescriptions. A total of 362 infants were diagnosed with a 
cardiac malformation and 9 of these were infants whose mothers took SSRIs during 
pregnancy. SSRI use was associated with an increased risk of cardiac 
malformations (OR 1.7, 95% CI 1.1—2.5). Sertraline was associated with a 
threefold increased risk (OR 3, 95% CI 1.4—6.4). SSRI use was associated with an 
increased risk of septal defects (OR 1.4, 95% CI 0.8—2.3), as was sertraline (OR 
3.3, 95% CI 1.5—7.5) after adjusting for maternal smoking status, maternal age, 
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birth order, and birth age.'*® Two additional studies also found an elevated risk of 
septal defects associated with sertraline use. !47:!5° 

Some studies have reported a slight risk of cardiac malformation when 
paroxetine or fluoxetine has been used during the first trimester of pregnancy, but a 
number of other studies report no increased risk.'** One study observed a 
relationship between the dose of paroxetine used during pregnancy and the risk of 
cardiac malformation, although that finding was not replicated in a subsequent 
study.'°!:!>2 A meta-analysis conducted in 2010 reported an increased prevalence of 
cardiac malformations (OR 1.46, 95% CI 1.17—1.82) after paroxetine use in the 
first trimester of pregnancy.'°? NBDPS completed an analysis that found paroxetine 
and fluoxetine use during pregnancy was associated with a high risk of several 
subtypes of congenital heart anomalies. Paroxetine was associated with atrial 
septal defects (OR 1.9, 95% CI 1.1-3.0) and right ventricular outflow tract 
obstruction defects (RVOTO) (OR 2.4, 95% CI 1.43.9). Fluoxetine was 
associated with RVOTO (OR 2.0, 95% CI 1.4-3.1) and ventricular septal defects 
(OR 1.4, 95% CI 1.0-1.9).!** Studies have not found the same risks for cardiac 
malformation with sertraline exposure. !~4 

Interestingly, studies have found infants born to women exposed to SSRIs 
undergo approximately twice as many echocardiograms in the first year of life 
when compared to infants not exposed to SSRI therapy. This likely leads to an 
increased chance for diagnosis of a cardiac malformation.!°> An estimated 85-90% 
of ventricular septal defects close spontaneously during infancy.!°° The likelihood 
of finding a ventricular septal defect, whether the child was exposed to SSRIs 
during development or not, would be expected to decrease when the assessment is 
done later in childhood. This creates an additional opportunity for bias in research 
results. 


MECHANISMS 


The exact cause of most cardiac malformations is unknown, but most are due to 
sporadic genetic causes such as focal mutations and DNA segment deletions or 


additions.'°’ Down syndrome has been linked to congenital heart disease in roughly 
45% of cases, although researchers have not been able to isolate a single gene on 


chromosome 21 that is responsible for heart defects.!°* Family history also seems 
to play a large role and can often help identify heritable defects. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 
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Infants with congenital heart defects will present differently depending on the 
defect’s type and severity. Some signs and symptoms may include tachypnea, 
cyanosis, fatigue, and poor blood circulation; however, many heart defects cause 
few or no signs or symptoms.!*? Babies who have congenital heart defects may 
have cyanosis and tire easily during feeding times, which may lead to slower 
weight gain. Older children with congenital heart defects may tire more easily or 
get short of breath during physical activity when compared to other children. 


Severe congenital heart defects are generally detectable and diagnosed during 
pregnancy via fetal echocardiography around weeks 18—22 gestation, or very soon 
after birth. Depending on the defect’s severity, cardiac catheterization or surgery 
may be required to repair damage. When the defect is less severe, it is often not 
diagnosed until the child is older. Minor defects that have no signs or symptoms are 
often diagnosed based on results from a physical exam or tests completed for other 
complaints. 


RISK FACTORS 


Several maternal factors have been linked to the development of fetal congenital 
heart defects, including pre-existing uncontrolled diabetes, obesity, rubella, and 
influenza.'©” Additionally, maternal smoking and the use of cocaine and marijuana 
have also been linked to cardiovascular defects. Children who acquire HIV 
infections from their mothers during pregnancy are at increased risk for 
cardiovascular defects, but children born to mothers infected with HIV and treated 
are not at increased risk.! 


MORBIDITY AND MORTALITY 


The incidence of morbidity or mortality associated with drug-induced congenital 
cardiac malformations is unknown. In general, depending on the degree of 
malformation, surgical repair may be necessary within the first few days after 
delivery. Additional surgeries may be required throughout development as the heart 
continues to grow. In severe cases, heart transplant may be necessary. Not all 
infants with congenital heart defects will require treatment. Some may only require 
observation and periodic reevaluation of cardiac function. 


LIMB DEFICIENCY DEFECTS 


Limb deficiency defects vary greatly and can be characterized by total or partial 
absence of a limb or smaller defects such as a missing finger or toe. They can occur 
as a single malformation or in conjunction with other anomalies. Limb development 
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is complex and starts as a small limb bud on the 26th day after fertilization with the 
upper limb developing about 24 hours before the lower. !©! 


CAUSATIVE AGENTS 


Prenatal exposure to several medications has been linked to an increased risk of 
limb malformation. Although thalidomide is perhaps best known for this teratogenic 
effect, misoprostol, valproic acid, aminopterin, methotrexate, phenytoin, and 
isotretinoin have all been associated with limb reduction. !©*! 


EPIDEMIOLOGY 


Limb deficiency defects are rare, occurring in only 3—8 infants per 10,000 live 
births, and it is estimated at least 30% are associated with congenital 
malformations.!°”!/? The most common type of limb defect is caused by vascular 


disruption and occurs in an estimated 2.2 infants per 10,000 births.!°? The overall 
incidence of drug-induced limb deficiencies is unknown. 


Thalidomide exposure during pregnancy has been linked to limb reduction 
defects which are described as bilateral and usually grossly symmetrical. Exposure 
has been associated with approximately 20% incidence of polydactyly, syndactyly, 
and limb reduction defects. !”* 

Maternal use of misoprostol has been correlated with terminal vascular 
disruption limb anomalies in the developing fetus.!’* The most common limb 
defects following misoprostol exposure include terminal transverse defects in the 
arms and legs, including terminal limb amputation with constriction rings, fusion of 
fingers with constriction rings, clubfoot, and arthrogryposis.!7>~!77 


In 2000, a study estimated the risk of valproic acid-induced limb deficiencies 
that utilized data from the Spanish Collaborative Study of Congenital 
Malformations. A total of 22,294 malformed infants were compared to 21,937 
control infants. A total of 57 infants with malformations had been exposed to 
valproic acid compared to 10 infant controls with no history of valproic acid 
exposure (OR 5.62, 95% CI 2.78-11.71, p <0.0000001). Congenital limb defects 
occurred in 21 of the 57 infants exposed to valproic acid (36.8%) and included 
overlapping digits, clubfoot, clinodactyly, arachnodactyly, hip dislocation, pre- and 
postaxial polydactyly, and limb deficiencies. Based on the prevalence of limb 
deficiencies of 6.88 per 10,000 live births in their population, the authors estimated 
the risk of limb deficiencies after valproic acid exposure during the first trimester 
to be about 0.42%,!78 


Aminopterin, an antineoplastic drug with immunosuppressive properties often 
used in chemotherapy regimens, was used unsuccessfully in the 1950s and 1960s as 
an abortifacient agent. It has been associated with clubfoot, short forearm 
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development, and syndactyly, although the incidence is difficult to estimate because 
the data are limited. !7?:!8° 

Maternal methotrexate exposure has been associated with an increased risk for 
total transverse limb deficiencies, with clubfoot, short limbs, hypodactyly, and 
syndactyly being most commonly reported.!*!!83 A disproportionality analysis 
found total transverse limb deficiencies in 22 cases, 6.41%, compared to only 
0.85% in the general population, supporting a possible association with 
methotrexate exposure and limb deficiencies. !** 

Phenytoin exposure during pregnancy has well-documented teratogenic effects 
on skeletal tissues leading to limb defects, including hypoplasia of distal phalanges, 
shortness of metacarpals, cone-shaped epiphyses, limited movements at 
interphalangeal joints, and tapering fingers with nail hypoplasia.'**-!8’ It is 
estimated that one-third of children exposed to phenytoin in utero will suffer from 
fetal growth restrictions leading to small head, will develop minor dysmorphic 
craniofacial features, and/or will have limb defects.!” 

Isotretinoin has also been linked to limb deficiency defects, specifically limb 
reduction. A case report in 1985 first reported limb reduction deformities 
secondary to isotretinoin exposure in a male infant born with reductions in all four 
limbs. There was some evidence suggesting the defects were secondary to amniotic 
bands.!8*-!89 There have been additional subsequent reports describing cases of 
infants born with limb reductions following exposure to isotretinoin in utero.!”° 


MECHANISMS 


The exact cause of limb defects is unknown, although it is thought to be due to 
disruptive events, including amniotic bands or vascular disruptions that can lead to 
in utero amputation or hypoperfusion of the developing limb.!?! Cases of limb 
defects caused by exposure to misoprostol during pregnancy are thought to be 
related to the induction of uterine contractions that deform the embryo. This results 
in vascular disruption, hemorrhage in various tissues that leads to hypoperfusion 
within the entire embryo, resulting in cellular death.!”+!% 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Limb deficiency defects can present in a variety of ways, including complete 
absence of the limb, failure of a portion of the limb to separate (most commonly 
seen in fingers or toes), duplication (most commonly seen in fingers or toes), 
overgrowth where the limb is much larger than normal, undergrowth where the limb 
is much smaller than normal, or congenital constriction band syndrome, which 
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causes immobilization, constrictions of the limbs, amputations, and other 
deformities. Most limb deficiencies are diagnosed on visual inspection at birth and 
are immediately recognized and identified. 


RISK FACTORS 


The majority of limb defects are caused by genetic or chromosomal disorders; 
however, there are other known associated risks as well. Pregestational maternal 
diabetes and maternal obesity have been identified as possible risk factors for 
disorders of limb development, although the data regarding the effects of obesity 
are inconsistent. !!?.!9-!97 Additionally, certain sets of limb deformities have been 


linked to other birth defects such as those involving the heart, omphalocele, and 


gastroschisis.!”° 


MORBIDITY AND MORTALITY 


The incidence of morbidity or death associated with drug-induced limb 
deficiencies is unknown. Infants born with limb reduction defects will face many 
obstacles and difficulties throughout development, and the extent of impact will 
depend on the limb(s) affected and the size of the reduction. Problems include 
difficulties performing motor skills, need for assistance with daily activities and 
self-care, limitations in movement, and potential for emotional and social issues 
due to physical appearance. The use of prosthetics and orthotics may be beneficial 
for patients with limitations due to limb reduction. In some cases, surgery and 
rehabilitation with physical and or occupational therapy may be needed. Although 
children born with limb reductions may face many obstacles and encounter 
difficulties throughout life, with proper treatment and care they are able to live 


healthy and productive lives and most manage well in everyday life.!?” 


GASTROSCHISIS 


Gastroschisis is a defect that occurs in developing fetuses that results in extrusion 
of the intestines out of the abdominal wall and into the amniotic space. Typically, 
the intestines protrude to the right of the umbilicus and the anomaly can be detected 
in utero via ultrasound. The size of hole can vary, and sometimes organs, such as 
the stomach and liver, can also protrude outside of the baby’s body (Figure 58-3). 
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FIGURE 58-3 Gastroschisis 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.gov/ncbddd/birthdefects/gastroschisis. html. 


CAUSATIVE AGENTS 


Prenatal exposure to several medications has been associated with an increased 
risk of gastroschisis. Evidence, although weak, suggests that women taking anti- 
inflammatory doses of aspirin or taking acetaminophen in combination with other 
medications may be at increased risk.*°? Literature has also linked prenatal 
pseudoephedrine use to gastroschisis, although, again, evidence is weak and 
reports are inconsistent.20!.20? 


EPIDEMIOLOGY 


In the United States, gastroschisis occurs in 1—2 of every 10,000 births, and the 
incidence has increased over the last three decades.2°° The overall incidence of 
drug-induced gastroschisis is unknown and difficult to estimate based on available 
literature. 


A retrospective study evaluating 206 cases of gastroschisis looked at the 
relationship between maternal use of cough, cold, and analgesic medications and 
development of gastroschisis. Risk of gastroschisis development was elevated in 
patients exposed to aspirin (OR 2.7, 95% CI 1.2—5.9). Risk was slightly elevated 
in infants whose mothers took acetaminophen during pregnancy (OR 1.5, 95% CI 
1.1—2.2) but was significantly elevated in those exposed to acetaminophen in 
combination with pseudoephedrine (OR 4.2, 95% CI 1.9-9.2).2 


Three case-control studies examined pseudoephedrine monotherapy exposure in 
children born with gastroschisis. In all three studies, exposure to pseudoephedrine 
was associated with an increased odds ratio. In one study, the risk of gastroschisis 
was increased 4.2-fold in women taking pseudoephedrine in combination with 
paracetamol (95% CI 1.9-9.2).2°* However, two other studies reported data from 
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over 400 pregnant women who took pseudoephedrine during the first trimester, and 
neither study found an increase in the incidence of birth defects.?°7° 


MECHANISMS 


The exact cause of gastroschisis is unknown, although it is thought to be due to a 
vascular disruption causing a weakness in the body wall, possibly to the right 
umbilical vein or the right vitelline artery.2°’?°% Other proposed mechanisms 
include defective growth, cellular death, or impaired cellular fusion that leads to 
extrusion of the intestines through the defective area and into the amniotic fluid.*°” 
Furthermore, genetic or chromosomal changes that occur in utero cannot be ruled 
out as a potential cause. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Gastroschisis is typically diagnosed during routine anatomy ultrasound conducted 
around 20 weeks gestation.*!? The ultrasonography can be performed to detect 
signs of intestinal injury, decreased peristalsis, and/or bowel distension. In rare 
scenarios, gastroschisis may not be diagnosed until after delivery. An omphalocele, 
another abdominal wall defect, is an umbilical cord hernia with a wall defect <4 
cm. Maternal elevations of serum alpha-fetoprotein are associated with abdominal 
wall defects, and levels are generally higher in cases of gastroschisis compared to 
omphalocele. This difference can aid in initial diagnosis.*!! The differential 
diagnosis of gastroschisis includes normal physiological gut herniation, ruptured 
omphalocele, umbilical cord cysts, or loops of normal umbilical cord.!* 


RISK FACTORS 


The most consistently observed link to gastroschisis is a mother’s age of <20 years, 
although the reason for this is unclear.*!*?!> The impact of maternal prepregnancy 
body mass index on the development of gastroschisis has been evaluated. One study 
noted an increased risk in underweight mothers when compared to normal weight 
mothers.”!° In addition, two other studies found a lower risk in mothers who were 
overweight or obese when compared to normal weight women, advancing the 
theory that maternal prepregnancy weight has an impact on fetal development. !!7-!! 
Maternal cigarette smoking has also been linked to an increased risk of both 
gastroschisis and small-bowel atresia, with risk increasing with the number of 
cigarettes smoked. A study of 205 gastroschisis cases and 127 small-bowel atresia 
cases found maternal cigarette smoking to have an increased odds ratio of 2.1 (95% 
CI 1.0-4.4) for gastroschisis and 2.8 (95% CI 1.1—6.9) for small-bowel atresia.7!’ 
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Other risk factors for gastroschisis include maternal alcohol consumption and 
exposure to illicit drugs, specifically marijuana, cocaine, and 
methamphetamine.?!47!7-220 


MORBIDITY AND MORTALITY 


The incidence of morbidity or mortality associated with drug-induced gastroschisis 
is unknown. In general, the survival rate for those with gastroschisis is remarkably 
high, exceeding 90% after surgical closure; however, babies tend to suffer varying 
degrees of morbidity depending on the severity of bowel injury.77! Infants with 
gastroschisis may struggle with feeding, digesting food, and absorbing nutrients 
after eating. The extent of dysfunction usually depends on the magnitude of 
intestinal inflammation and ischemic injury caused by amniotic fluid exposure and 
compression from the abdominal wall. The inflamed intestine often has prolonged 
transit time and decreased absorption of carbohydrates, fats, and proteins. As the 
inflammation subsides, transit time and absorption return to normal over 4—6 
weeks, although total parenteral nutrition is often required during healing. Some 
may require additional surgeries throughout childhood and in severe cases, may 
endure intestinal failure. 


NEURAL TUBE DEFECTS 


Neural tube defects are a collection of anomalies of the CNS that develop within 
the first 28 days after conception. They occur due to incomplete closure of the 
neural tube during embryogenesis, causing exposure to neural elements.?*” The most 
common neural tube defects are spina bifida, meningomyelocele, anencephaly, and 
encephalocele. 


Spina bifida can occur at any point along the spine. The spinal area around the 
opening does not form properly, leaving the spinal cord exposed (Figure 58-4). 
Often, this leads to damage to the spinal column and surrounding nerves. The 
severity 1s determined by the size and location of the opening in the spine and 
whether nerve damage is involved. 
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Spina bifida occulta Meningocele Myelomeningocele 


FIGURE 58-4 Spina Bifida 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.gov/ncbddd/spinabifida/facts.html. 


With anencephaly the upper portion of the neural tube does not close completely 
and the forebrain and cerebrum do not form. Additionally, the remaining portions of 
the brain are often not covered by bone or skin and are exposed at birth (Figure 58- 
=). 





FIGURE 58-5 Anencephaly 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.govw/ncbddd/birthdefects/anencephaly. html. 


Encephalocele is a rare neural tube defect associated with a sac-like protrusion 


at either the upper part of the skull, the area between the forehead and nose, or the 
back of the skull. The brain protrudes through these openings in the skull (Figure 
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58-6). The condition is typically diagnosed at birth, but occasionally a small 
encephalocele can protrude into the nose and forehead region and can go 
undetected. 





FIGURE 58-6 Encephalocele 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.gov/ncbddd/birthdefects/encephalocele.html. 


CAUSATIVE AGENTS 


Several antiepileptic medications, in particular valproic acid and carbamazepine, 
interfere with the body’s ability to utilize folate and folic acid and are associated 
with a higher risk for neural tube defects.?” 


EPIDEMIOLOGY 


Annually, more than 300,000 babies are born worldwide with neural tube defects, 
making this one of the most commonly encountered birth defects. The highest 
incidence reported is in Northern China (3.7 cases per 1,000 live births).?”> In the 
United States, the incidence is much lower with a frequency of about 2 per 1,000 
live births. The most recent U.S. data estimate the incidence of spina bifida at 1 
case per 2,858 live births annually, anencephaly at 1 case per 4,859 live births 
amually, and encephalocele at 1 case per 12,235 live births annually.*** The 
frequency of neural tube defects is decreasing due to the prophylactic prenatal 
administration of folate, implementation of universal maternal serum alpha- 
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fetoprotein screening, and highly reliable ultrasound diagnosis.**° The estimated 
risk of neural tube defects in infants with prenatal exposure to valproic acid is 5— 
9%, with higher doses associated with higher risks.27°7’ 


MECHANISMS 


The exact cause of neural tube defects is not known with many factors likely 
playing a role, including chromosomal disorders, genetic syndromes, nutrition, 
and/or exposure to environmental teratogens. Phenytoin and carbamazepine induce 
cytochrome P450 enzymes and are associated with a reduction in serum and red 
blood cell folate concentrations of up to 90%.*7° Although data are conflicting, it is 
thought that valproic acid may interfere with folate metabolism by inhibiting 
glutamate formyl transferase, an enzyme mediating the production of folinic acid.7”? 
Research has found that folic acid supplementation before and during pregnancy 
can greatly reduce the risk of neural tube defect development. 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Neural tube defects are generally diagnosed prior to birth through laboratory tests 
or imaging. Prenatal ultrasound is routinely used during pregnancy and can detect 
almost all types of neural tube defects.7°° Ultrasound will typically reveal a defect 
in the dorsal aspect of the spine which usually has an overlying cystic mass. The 
differential diagnosis includes sacrococcygeal teratoma, lumbosacral lipoma, 
sirenomelia, limb-body stalk anomaly, and amniotic band syndrome.>! 


Infants born with a known or suspected neural tube defect will undergo a 
variety of tests and procedures to help understand the severity of the defect and to 
assess for the presence of complications. Evaluation typically will include x-rays, 
magnetic resonance imaging, computed tomography scans, and measurement of head 
circumference. In addition, the infant’s vigor, motor and sensory functioning, and 
urinary stream will be monitored and evaluated.*** 


Babies born with spina bifida often develop hydrocephalus (1.¢e., extra fluid in 
and around the brain). This can lead to swelling in the ventricles of the brain and 
cause the head to swell. It can be diagnosed during a routine prenatal ultrasound, 
but it 1s often not discovered until infancy or early childhood. The most common 
symptoms of hydrocephalus is a large head that is growing rapidly, a bulging 
anterior fontanelle, irritability, seizures, and delays in development. Close 
monitoring is required in an effort to prevent brain injury, and often a shunt is 
needed to allow drainage of the fluid and relieve pressure on the brain. 
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RISK FACTORS 


Maternal uncontrolled pregestational diabetes and obesity have been linked to 
increased risk for development of neural tube defects.> Some studies have also 
suggested that defects are more common among infants of mothers who were 
exposed to high temperatures that may occur during a febrile illness or using a hot 
tub or sauna during the first 4-6 weeks of pregnancy.7** Women who are pregnant 
or may become pregnant should avoid using hot tubs or saunas. Folate deficiency is 
the most clearly established risk factor for development of a neural tube defect. 
Folic acid supplementation is critical for the prevention of neural tube defects and 
should be an important part of preconception and prenatal care for all women of 
childbearing age. Due to increased risk associated with folate deficiency, the CDC 
recommends 0.4 mg/day of folic acid from diet or supplements for all women 
capable of becoming pregnant to reduce the risk for neural tube defects. Women 
with a history of pregnancy with a neural tube defect should take 4 mg of folic acid 
beginning 1 month prior to conception and throughout the first trimester of 


pregnancy.» 


MORBIDITY AND MORTALITY 


The morbidity and mortality arising from neural tube defects depends on the type of 
defect present. Anencephaly is incompatible with life.~° The life of infants born 
with anencephaly is usually limited to a few hours and rarely can last more than 2 
days. The brain stem in these patients consists of poorly differentiated neural tissue 
that is not able to sustain life. 

The prognosis for neonates diagnosed with encephalocele is dependent on 
whether there is herniation of brain tissue into the meningeal sac. If brain tissue 
herniation is present, there is a high mortality rate.?>/ 

The prognosis of neonates with spina bifida depends on the size and location of 
the lesion. Generally, the lower the location of the lesion on the back and the 
smaller the size, the better the infant’s outcome will be. Mortality is reported to be 
at least 15% in the first year of life, usually due to decline in respiratory function 
secondary to hindbrain herniation.??’ Additionally, patients often have lower limb 
paresis, bladder denervation, renal failure, and progressive obstructive 
hydrocephaly. 


MICROCEPHALY 


Microcephaly is a CNS defect wherein the baby’s head is much smaller than would 
normally be expected. It is defined as a head circumference 2-3 standard 


deviations below the mean for the gestational age on standardized charts.”** This is 
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typically due to a failure of the baby’s head to grow properly or growth stopping 
after birth (Figure 58-7). 
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FIGURE 58-7 Microcephaly 


2471 


Source: Centers for Disease Control and Prevention, National Center on Birth Defects and Developmental 
Disabilities. http://www.cdc.gov/ncbddd/birthdefects/microcephaly.html. 


CAUSATIVE AGENTS 


Use of antiepileptic drugs, including carbamazepine, lamotrigine, phenytoin, 
valproic acid, and topiramate, as well as mycophenolate and methotrexate, has 
been associated with an increased risk of microcephaly. !°+737-4! 


EPIDEMIOLOGY 


Microcephaly is estimated to occur in 2—12 babies of every 10,000 live births in 
the United States. It can be an isolated malformation or occur in conjunction with 
other major and minor birth defects.” 


Although the exact incidence of drug-induced microcephaly is unknown, some 
data regarding specific drug exposure and incidence are available. One study 
evaluated 329 pregnant women with epilepsy who were treated with monotherapy 
using carbamazepine, lamotrigine, phenytoin, or valproic acid. Authors observed 
microcephaly rates of 12-13% in newborns of mothers exposed to any of the 
anticonvulsants: however, the rates decreased to 3% when the children reached 24 
months of age and 2% at 36 months of age.**? Carbamazepine had the highest 
incidence of microcephaly (24%) in neonates and 12-month-old infants (15 out of 
63 exposed) and valproic acid was the next highest at 18% (7 out of 40 exposed). 
However, total rates of microcephaly at 24 months and 36 months for children 
exposed to all study drugs were similar to population rates for microcephaly. 
Similar results of higher microcephaly rates with carbamazepine and valproic acid 
monotherapy have been reported in previous studies, although these studies did not 
follow patients past 18 months of age to determine if the impact was long-term or 
resolved.*7™ The clinical implications of early microcephaly are unclear, and it 
appears the effect is not permanent or regulates with time. An additional study 
evaluating the impact of antiepileptic drug exposure on newborn head 
circumference reported a significant reduction of mean body-weight adjusted head 
circumference after exposure to carbamazepine and valproic acid monotherapy 
(standard deviation 0.15, p <0.0001, and standard deviation 0.10, p = 0.04, 
respectively). No effect on body-weight adjusted head circumference was seen for 
phenytoin, clonazepam, lamotrigine, or gabapentin. Additionally, the study reported 
a significant increase in the occurrence of microcephaly for any antiepileptic drug 
polytherapy (OR 2.85, 95% CI 1.74—4.78), suggesting risk is greatest in patients 
exposed to multiple antiepileptic drugs during pregnancy.*” 


A cohort study compared 2,600 children exposed to antiepileptic drugs during 
pregnancy to 771,412 unexposed children born to women without epilepsy. The 
study found infants exposed to topiramate had a considerable risk of microcephaly 


2472 


(11.4%) compared to 2.4% in those who weren’t exposed (OR 4.8, 95% CI 2.5— 
9.3),740 

Mycophenolate was linked to risk for microcephaly in one case. Microcephaly 
was mild, and the child had various other malformations.7+! 

Maternal methotrexate exposure during pregnancy has also been linked to 
microcephaly. Three published cases describe infants with microcephaly (in 
addition to various other malformations) following maternal exposure to 
methotrexate for either abortion or during treatment for breast cancer.2**° Hyoun 
et al.!®4 completed a disproportionality analysis and found microcephaly occurred 
with an incidence of 0.87% after methotrexate exposure—an incidence not 
disproportionate to that found in the general population. 


MECHANISMS 


The cause of microcephaly is not fully understood; however, it is known that this 
defect is multifactorial and is the common end point of a group of heterogeneous 
conditions that interfere with the growth of the brain. It occurs as a result of 
abnormal cell division and proliferation.74” 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


The key diagnostic feature of microcephaly is an infant with a head circumference 
>3 standard deviations below the mean. The head may appear smaller than normal 
on visual inspection and biometric parameters other than head circumference may 
also be small (e.g., biparietal diameter, cerebellar diameter). A reduced frontal 
lobe distance, sloping forehead, or a large subarachnoid space may also be 
present.**8 The differential diagnosis includes anencephaly, hydrocephaly, and 
brain atrophy.?” 


RISK FACTORS 


Although the direct cause of microcephaly is unknown, certain maternal infections 
such as rubella, toxoplasmosis, cytomegalovirus, and Zika virus are associated 
with the development of fetal microcephaly.”°? The defect is also linked to genetic 
changes, although the genetic sequencing is currently unknown. Neonates whose 
mothers were malnourished during pregnancy are at increased risk. Maternal 
alcohol consumption and exposure to cocaine during pregnancy have also been 
linked to an increased risk of microcephaly.”>! 7° 
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MORBIDITY AND MORTALITY 


The overall impact of microcephaly varies depending on the severity. Some 
children only suffer from mild disabilities while others, especially those who are 
growing and developing normally, will have normal intelligence levels and 
continue to meet major milestones. There is no treatment that will return the size of 
the child’s head to normal size or shape. Treatment is focused on preventing and 
minimizing complications and may include speech, physical, and occupational 
therapy as well as medications to control seizures and hyperactivity if and when 
present. 


FETAL ALCOHOL SPECTRUM DISORDERS 


Fetal alcohol spectrum disorders (FASD) is a group of conditions caused by 
alcohol consumption during pregnancy. Those conditions include fetal alcohol 
syndrome (FAS), alcohol-related neurodevelopmental disorder, and alcohol-related 
birth defects. The effects of alcohol exposure can include both physical and mental 
defects and can cause problems with development, behavior, and learning. Often, 
children with FASD have a mix of problems rather than one single issue. The 
conditions can affect each person differently and can vary in severity. The most 
severe of the alcohol-related disabilities is FAS, and individuals diagnosed are 
found to have growth problems (e.g., low pre- and postbirth weight and size), 
facial dysmorphia (e.g., small head, small eyes, underdevelopment of the upper lip, 
indistinct groove between the lip and nose, and/or flattened cheekbones), and CNS 
abnormalities (e.g., delayed brain development, intellectual impairment).*°> 


CAUSATIVE AGENTS 


Prenatal exposure to alcohol is associated with development of FASD. 


EPIDEMIOLOGY 


An accurate estimate of the prevalence of FASDs is lacking; however, the CDC has 
completed studies that have documented 0.2—1.5 infants with FAS for every 1,000 
live births in certain areas of the United States.°4 Authors who combined 
community studies and expert estimates have stated the incidence might be as high 
as 2-5 for every 100 schoolchildren.*>°7>° One report found that alcohol was used 
by | of every 10 pregnant women and | in 33 pregnant women described binge 
drinking within the last 30 days. Among those women who reported drinking during 


pregnancy, the highest use was in unmarried college graduates 35-44 years of 


age,257 
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MECHANISMS 


The exact mechanism of harm secondary to alcohol exposure during pregnancy is 
not fully understood. Alcohol easily passes across the placenta to the developing 
fetus, and alcohol metabolism is much slower in the fetus compared to adults. As a 
result, the alcohol remains in the baby’s blood much longer than in the mother’s 
blood, which leads to possible irreversible harm to the baby’s development. One 
recent study evaluated the effects of prenatal alcohol exposure on cognitive 
development in childhood and found that children with prenatal alcohol exposure 
have poorer axon packing density and/or myelination. The authors suggested this 
impairment in white matter is the likely cause of changes in information processing 


speed and eyeblink conditioning that commonly occur in children with FAS.*°® 


CLINICAL PRESENTATION AND DIFFERENTIAL 
DIAGNOSIS 


Diagnosis of FASD can be difficult because it mostly relies on infant or child 
clinical presentation and maternal reporting of alcohol use. Additionally, other 
disorders (e.g., attention deficit hyperactivity disorder) present with symptoms 
similar to those of FASD, which likely has led to underdiagnosis. Practitioners 
most often look for abnormal facial features, lower than average height, weight, or 
both, CNS problems, and history of prenatal alcohol exposure to help rule in or 
rule out FASD (Table 58-1). 


Table 58-1 Potential Symptoms of Fetal Alcohol Spectrum 


269 





Disorders 


¢ Abnormal facial features (e.g., smooth ridge between the nose and upper lip) 
¢ Difficulty in school, especially with mathematics 
¢ Attention deficit or hyperactivity disorders 

* Poor memory 

* Poor reasoning and judgment skills 

* Intellectual disability or low IQ 

¢ Learning disabilities 

¢ Speech and language delays 

¢ Vision or hearing problems 

* Low body weight 

¢ Shorter-than-average height 

¢ Microcephaly 

* Issues with coordination 

¢ Problems with the heart, kidney, or bones 

¢ Sleep and sucking problems as a baby 


IQ = intelligence quotient. 
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RISK FACTORS 


It is important to note that no amount of alcohol has been determined to be safe 
during pregnancy, and data support the “Not a Single Drop” approach for pregnant 
women. It is uncertain whether moderate drinking throughout pregnancy imparts 
more or less risk than binge drinking. Some data suggest that the dose of alcohol 
consumed does matter and has an impact on development of FASD; however, more 
information is needed to confirm that finding.°’ The timing of alcohol exposure 
during pregnancy is important. Although consumption at any time during pregnancy 
is not safe, alcohol is the most harmful when consumed during the first 3 months of 
pregnancy,*°? 


MORBIDITY AND MORTALITY 


The incidence of morbidity or mortality associated with FASD and FAS is 
unknown. Without early diagnosis, individuals with prenatal alcohol exposure are 
at a high risk for a number of secondary disabilities, including mental illness, 
homelessness, substance abuse, and unemployment. An estimated 60% of people 
with FASD end up being charged, arrested, convicted, or otherwise in trouble with 
the law, and up to 50% end up in detention, jail, prison, or a psychiatric or drug and 
alcohol inpatient setting at some point in their lives.*°! Additionally, it is well 
documented that patients with FASD or FAS-related conditions, such as mental 
disorders, attention deficit hyperactivity disorder, and learning disabilities, have 
higher mortality rates and shorter life expectancy.*°*? 

One study found the life expectancy for people with FAS was 34 years (95% CI 
31-37 years).*°© The leading causes of death included suicide (15%), accidents 
(14%), poisoning by illegal drugs or alcohol (7%), diseases of the nervous system 
and respiratory system (8% each), diseases of the digestive system (7%), 
congenital malformations (7%), mental and behavioral disorders (4%), and disease 
of the circulatory system (4%).7° 


Treatment of FASD and FAS is typically focused on symptom management and 
may include medications, behavior and education therapy, and parental 
education/support. 


MISCELLANEOUS MALFORMATIONS 


This chapter highlights many of the major congenital anomalies; however, there are 
many other malformations that are associated with teratogens and can occur during 
fetal development. Table 58-2 lists additional teratogens. 


2476 


PREVENTION OF TERATOGENICITY 


Primary prevention is a key component of avoiding congenital anomalies 
associated with teratogens. Teratogencity could be avoided in women who are able 
to completely refrain from taking medications during pregnancy, particularly during 
the first trimester of pregnancy. However, this is not always possible. Women with 
chronic diseases (e.g., diabetes, hypertension) often require pharmacotherapy prior 
to and throughout pregnancy to maintain their health. 


Avoiding alcohol, illicit drugs, and tobacco, maintaining adequate nutrition 
(which should include taking a daily multivitamin that contains at least 0.4 mg of 
folic acid), and maintaining a healthy body weight are all essential to the primary 
prevention of birth defects. 


It is important for women with chronic diseases to work with their healthcare 
providers to control their conditions prior to conception. This is particularly 
important for patients with diabetes, hypertension, and thyroid disorders. 
Medications with known risks for development of congenital anomalies should 
typically be discontinued prior to conception. When this is not possible (e.g., 
patients receiving anticonvulsant therapy for epilepsy), a careful risk versus benefit 
analysis should be done to determine the best approach for each individual patient. 
Ultimately, each patient’s care plan must be individualized to determine what is 
best for both maternal and fetal well-being. 


Secondary prevention measures are utilized to assist with early detection, 
treatment, and management of an existing disorder. Goals are focused on reducing, 
and in some cases, preventing morbidity. Early prenatal care including ultrasound 
screening and fetal surveillance during the first and/or second trimester is important 
when there is a concern for a congenital anomaly. Transferring care of the mother to 
a maternal fetal care center or high-risk obstetrics clinic designed for optimal fetal 
and neonatal care can be invaluable and should be considered where available. 
Delivery plans and postbirth plans including treatment and management for the 
infant should be discussed. 





Table 58-2 Drugs with Known Teratogenic Effects® 





Teratogenic Effects 





ACE inhibitors 








Fetal growth restriction, fetal hypotension, fetal renal defects leading to 
anuria, anuria-associated oligohydramnios, renal tubular dysplasia, 
craniofacial deformation, microcephaly, encephalocele, pericardial effusion, 
IUGR, prematurity, small bladder, and echogenic bowel associated with 


exposure in 2nd and 3rd trimester? /0-274 






Miscarriage, prematurity, fetal growth restriction; developmental issues of the 
urinary and genital tract, heart, limbs, and face; severe neurobehavioral and 
neurophysiologic problems that may persist for months; placental abruption; 


Cocaine 
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Finasteride 


Flutamide 


Lithium 


Methimazole 


Methotrexate 


NSAIDs 


Progestins/testosterones 


Retinoids/vitamin A >18,000 
units per day 


Tetracyclines 


Tobacco 


Warfarin 


and potential increased risk for sudden infant death syndrome during the 
first few months after birth2/>-287 


Prostate and external genital developmental disruption in animal studies2°8 

Inhibition of Wolffian duct and prostate development; feminization of external 

genitalia in males in animal studies?°? 

Ebstein’s anomaly and other cardiovascular abnormalities including atrial 
flutter, bradycardia, and cardiome galy220-295 

Choanal and esophageal atresia and aplasia cutitis, associated with Ist 

trimester use~20 

Exposure during first 6-8 weeks postconception: associated with IUGR; 
hypoplastic supraorbital ridges; small, low-set ears; micrognathia; limb 
deformities; and mental retardation 
Exposure during 2nd and 3rd trimesters: associated with fetal toxicity and 
increased mortality2?/~3 03 

Exposure during time of conception has been associated with blocking 
blastocyst implantation in animals 
Exposure after 30 weeks gestation associated with an increased risk of 
premature closure of the fetal ductus arteriosus, persistent pulmonary 

hypertension in the newborn, and oligohydramnios> 04-308 

Exposure prior to 10th—11th week of gestation associated with 
masculinization of female genitalia, clitoral hypertrophy, fused or partial 
fused labia, possible absent vagina? 09 

Translocation of the forebrain and posteriorization of the hindbrain, disruption 
in CNS development, microtia, low-set ears, small mouth, facial 
dysmorphism!263 10-315 

Discoloration of teeth and bones in children when used after 16 weeks of 

gestation, maternal liver toxicity? 16-323 

IUGR, placenta previa, abruption placentae, decreased maternal thyroid 
function, premature rupture of membranes, low birth weight, permatal 
mortality, ectopic pregnancy 

Children born to mothers who smoke during pregnancy at increased risk for 


asthma, infantile colic, and childhood obesity22+-330 


Exposure during the Ist trimester (critical period being weeks 6—9 gestation) 
often results in fetal warfarin syndrome, which consists of nasal 
hypoplasia, neonatal respiratory distress, low birth weight, eye defects 
including blindness, optic atrophy, and microphthalmia, hypoplasia of the 
extremities, developmental retardation, seizures, scoliosis, deafness, 


congenital heart disease, and death? 31-334 


aMany of the major drug-induced congenital anomalies are discussed in the text. This table lists additional 


known teratogenic effects. 
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MANAGEMENT OF TERATOGENICITY 


Due to the unpredictable nature and unknown etiologies of birth defects, it will 
likely be a long time before these can be avoided completely. Whenever possible, a 
comprehensive team should manage neonates and infants with congenital 
anomalies, and support should extend beyond the pediatric age. There is growing 
concern regarding the quality of life available to those with congenital anomalies, 
especially when the birth defect is visible to others. Visible birth defects can cause 
stereotyping, bullying, lack of self-esteem, and psychosocial issues, especially 
among school-aged children where physical appearance and “fitting in” are 
extremely important. Although some individuals are able to adjust to their 
differences, others face many of these issues well into adulthood. 


A team of supportive healthcare providers needs to be established and 
available throughout the individual’s life. At the time a structural defect is 
identified during pregnancy, the team will likely include obstetricians, 
neonatologists, geneticists, pediatricians, pharmacists, and pediatric surgeons to 
deal with the maternal and fetal complexities. Nonstructural defects will require a 
team of healthcare providers as well. The team should provide education to the 
prospective parents regarding fetal outcomes; possible interventions; appropriate 
setting, time, and route of delivery; and expected postnatal outcomes.*°’ Some 
information may not be known until delivery, but support and care for the patient 
and family should be a primary concern. More than 50% of parents feel that 
counseling from a religious person should be available especially when critical 
decisions regarding possible termination of pregnancy are required.7° 
Psychological care for the patient and caregivers should also be considered to help 
individuals adjust to life with their disability. This is especially important in 
patients with a visible defect. Open communications between team members and 
the family involved are key to continued success in promoting improved quality of 
life and managing the impact of the anomaly. 


INFORMATION FOR PATIENTS 


Providing information to patients regarding risks associated with medication use 
during pregnancy requires preparation and strong communication skills. Patients 
and their family members often have a lot of questions regarding the associated 
risks of drug exposure and rely heavily on information they find on the Internet, 
television, or from acquaintances. 

Healthcare providers need to be prepared to answer questions regarding the 
drug the patient is taking, how the drug can impact pregnancy and the developing 
fetus, and the impact of not treating or controlling the underlying condition the drug 
was prescribed to treat. Additionally, information regarding confounding risk 
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factors (e.g., maternal cigarette smoking, alcohol use, and illicit drug use) should 
be provided and discussed. 


Patients need to understand there is a balance between risks and benefits when 
determining whether to take certain drugs during pregnancy. For example, phenytoin 
is known to increase the risk of orofacial cleft formation in infants whose mothers 
take the drug throughout pregnancy. However, untreated seizure disorders during 
pregnancy are linked to decreased fetal oxygen delivery and can increase the risks 
for stillbirths, miscarriages, and serious developmental delays. In this scenario, the 
benefits of phenytoin therapy likely outweigh the risks of orofacial cleft 
development. These risks and benefits must be communicated clearly to patients so 
they are able to make informed decisions and take an active role in their health and 
pregnancy management. The following databases and references include 
information regarding teratology: 


* Reprotox.org 


¢ Clinical Teratology Web (TERIS) iS available at 
depts.washington.edu/terisdb/terisweb/index.html. 


¢ Briggs GG, Freeman RK, Towers CV, Forinash AB. Drugs in Pregnancy 
and Lactation: A Reference Guide to Fetal and Neonatal Risk. 1\th ed. 
Philadelphia, PA: Wolters Kluwer Health, 2015. 


¢ The Organization of Teratology Information Specialists (OTIS) is available 
at http://mothertobaby.org/benefits-otis/. 


Clinicians and patients should be encouraged to participate in pregnancy 
registries that are open for enrollment to increase the pool of information available. 
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ABVD regimen, 1285, 1286, 1291 
Acebutolol 
alopecia and, 168¢ 
hypotension and, 6321, 638¢ 
photosensitivity and, 144+ 
sinus bradycardia/atrioventricular block and, 577t 
systemic lupus erythematosus and, 124¢, 128z, 132 
ACE inhibitors. See Angiotensin-convertng enzyme inhibitors 
Acenocoumarol, 1029t 
Acetammophen 
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acidosis and, 1002r 
asthma/bronchospasm and, 4521, 453, 455t, 461 
chronic kidney disease and, 968-970, 973, 976 
cutaneous diseases and, 101, 102—103¢ 
drug interactions with, 39 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 8467, 853, 856, 864-866 
hypothermia and, 1216 
myocardial ischemia/acute coronary syndromes and, 489 
neutropenia/agranulocytosis and, 1089¢ 
oral erythema multiforme and, 1266t¢ 
ototoxicity and, 1233, 1234—1235t 
pancreatitis and, 8787, 881 
peripheral neuropathy and, 288 
smoking and, 32 
teratogenicity of, 1321, 1326 
thrombocytopenia and, 1050¢, 1052t 
vaginal bleeding disorders and, 797 
Acetate, 1013—1014t 
Acetazolamide 
acidosis and, 1003+ 
aplastic anemia and, 1100¢ 
delirium and, 326t 
hirsutism and, 194, 195¢, 199¢ 
neutropenia/agranulocytosis and, 1089¢ 
ototoxicity and, 1234¢ 
peripheral neuropathy and, 28 1¢ 
photosensitivity and, 144¢ 
tardive dyskinesia and, 265 
taste disorders and, 1259t, 1261t 
visual disturbances and, 296t 
Acetohydroxamic acid, 1066¢, 1070¢ 
Acetylcholine 
cognitive disorders and, 359, 360 
delirmm and, 329 
myocardial ischemia/acute coronary syndromes and, 473t 
myopathy and, 1153 
psychosis and, 418 
sexual dysfunction and, 766 
in sleep cycles, 349 
Acetylcholinesterase inhibitors, 335 
Acetylcysteine, 440, 1243 
Acetyl-L-carnitine, 286, 287t, 288 
Acetylsalicylic acid. See Aspirin 
Acid-base disorders. See Acidosis; Alkalosis 
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Acidosis, 1001-1011 
anion gap metabolic, 1002t, 1004¢, 1007¢ 
causative agents of, 1001, 1002—1003¢ 
clinical presentation of, 1005—1007, 1006t 
differential diagnosis of, 1006, 1007¢ 
epidemiology of, 1001 
ketoacidosis, 1002t, 1004t 
lactic, 1002t, 1004, 10042, 1007-1008, 1010-1011 
management of, 1008-1011, 1009f, 10102, 1011f 
mechanisms of, 1001, 1004—1005, 1004r 
morbidity and mortality for, 1007 
patient education on, 1011 
prevention of, 1007-1008, 1008¢ 
renal tubular, 1003—1004, 1004, 1006, 1010, 1011f 
respiratory, 1001, 1003-10042, 1005-1007, 1007—1008z, 1010-1011 
risk factors for, 1007, 1008¢ 
Acitretin, 166, 1731, 791, 1273 
Acne, 102¢, 105, 107t, 108, 114, 114¢, 384 
ACOG (American College of Obstetricians and Gynecologists), 626, 1302, 1303 
Aconite, 573t 
Aconite alkaloids, 524—-525t, 525 
ACTH. See Adrenocorticotropic hormone 
Actinomycin, 847t, 907t 
Activated charcoal, 245, 580, 587-588, 701¢, 1039 
Acute akathisia. See Akathisia 
Acute coronary syndromes. See Myocardial ischemia/acute coronary syndromes 
Acute dystonia. See Dystonia 
Acute hypertension, 232, 240 
Acute interstitial nephritis (AIN), 955-957 
causative agents of, 9437, 956 
clinical presentation of, 9461, 956 
differential diagnosis of, 956 
epidemiology of, 956 
management of, 957 
mechanisms of, 945t, 956 
morbidity and mortality for, 956 
overview, 955 
patient education on, 957 
prevention of, 956-957 
risk factors for, 956 
Acute kidney injury (AKI), 941-960 
acute interstitial nephritis, 955—957 
acute tubular necrosis, 949-955 
community-acquired, 941-942, 944 
defined, 941 
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glomerulonephritis, 958—960 
hemodynamic-mediated, 942—949 
hospital-acquired, 941—942 
nephrolithiasis, 957—958 
Acute lymphoblastic leukemia (ALL), 1283, 1286, 1291 
Acute myeloid leukemia (AML), 1283-1287, 1289-1292 
Acute tubular necrosis (ATN), 949-955 
causative agents of, 9431, 949-950 
clinical presentation of, 9467, 951 
differential diagnosis of, 951 
epidemiology of, 950 
management of, 955 
mechanisms of, 950-951 
morbidity and mortality for, 952 
patient education on, 955 
prevention of, 952—955 
risk factors for, 951—952 
Acyclovir, 168¢, 196t, 944-945t, 957, 967, 11882, 1191, 1295 
Adalimumab 
alopecia and, 173¢ 
depression and, 383 
hepatic/cholestatic diseases and, 852t 
interstitial lung disease/pulmonary fibrosis and, 433¢ 
oral erythema multiforme and, 1266t¢ 
oral lichenoid reactions and, 1270t 
serum sickness-like reactions and, 1193¢ 
sexual dysfunction and, 761¢ 
skin cancer and, 1297 
systemic lupus erythematosus and, 126t 
thyroid diseases and, 698—699¢, 701t, 710 
valvular/pericardial heart disease and, 6601, 662 
visual disturbances and, 296t 
Addison disease, 734-735 
Adefovir, 966, 966t, 9702, 1003¢, 1050¢ 
Adenosine 
acute kidney injury and, 951, 953 
atrial fibrillation/atrial flutter and, 581, 582—583t, 583-586, S85¢ 
atrial tachycardia and, 591 
AV node re-entrant tachycardia and, 594 
hypotension and, 644 
monomorphic ventricular tachycardia and, 524—525t, 525-526 
myocardial ischemia/acute coronary syndromes and, 472t, 477t, 479 
sinus bradycardia/atrioventricular block and, 570t, 573t, 577-579 
structural similarities with hydralazine, 127 
ADHD (attention deficit/hyperactivity disorder) agents, 2191, 221-222, 401 
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Adjuvant chemotherapy, 1167—1169¢, 1172, 1173¢ 
Adolescents. See Pediatric patients 
Ado-trastuzumab, 169t, 836t 
Adrenal diseases. See Hypothalamic, pituitary, and adrenal diseases 
Adrenergic B-receptor blockers. See B-adrenergic receptor blockers (f-blockers) 
Adrenocorticotropic hormone (ACTH) 

Cushing syndrome and, 731t, 732 

cutaneous diseases and, 108 

hirsutism and, 194, 195t, 199¢ 

hypersensitivity reactions to, 77t¢ 

pancreatitis and, 882 

primary adrenal insufficiency and, 735 

secondary adrenal insufficiency and, 735, 741 

stimulation test for, 738 

synthesis of, 729 
Adverse drug reactions (ADRs). See also Drug-induced diseases 

allergies. See Drug allergies 

categorization of, 23, 59-60 

causality/correlation in, 23 

differential diagnosis of, 51, 63-65 

documentation of, 65—66 

drug—drug interactions, 38—40, 39¢ 

food—drug interactions, 40—41 

gender differences in, 31—32 

hospital admissions due to, 28 

hypersensitivity. See Drug hypersensitivity reactions (DHRs) 

manifestations of, 19 

in medication histories, 60, 62 

mortality associated with, 29 

Naranjo Scale for, 64, 65, 65t 

in new drug approval process, 48 

9 points of consideration for, 63—64 

postmarketing surveillance for. See Postmarketing surveillance 

prevalence of, 4 

probability ratings for, 64, 64—65t, 65 

quantitative impact of, 23 

reporting systems for, 24, 49-56, 66-67 

risk-benefit balance of, 20 

teratogens and. See Teratogenicity 

WHO-UMNC system for, 64, 64t, 65 
Adverse Event Reporting System (AERS), 4, 6, 24, 31, 381, 882 
Adverse events, defined, 66. See also Adverse drug reactions (ADRs) 
AEDs. See Antiepileptic drugs 
AERD (aspirin-exacerbated respiratory disease), 453, 455, 457-463 
AERS. See Adverse Event Reporting System 
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Afatinib, 169¢ 
Aflatoxin, 849¢ 
Ageusia, 1258 
Aging populations. See Elderly populations 
Agranulocytosis. See Neutropenia and agranulocytosis 
AHA. See American Heart Association 
AHS (anticonvulsant hypersensitivity syndrome), 87, 95, 109 
AIA. See Aspirin-induced asthma 
AIDS. See HIV/AIDS 
AIN. See Acute interstitial nephritis 
Ajmaline, 547t, 548, 847¢ 
Akathisia (acute and tardive), 254—259 
causative agents of, 254, 255t, 405 
clinical presentation of, 256-258, 257t 
differential diagnosis of, 257, 257t 
epidemiology of, 254-255 
management of, 258-259, 259t 
mechanisms of, 255—256, 256t 
morbidity and mortality for, 258 
overview, 253-254 
patient education on, 259 
prevention of, 258, 258¢ 
risk factors for, 258, 258 
AKI. See Acute kidney injury 
Alanine aminotransferase (ALT), 859, 862, 868, 1058 
Albiglutide, 879t 
Albummn, 364, 784, 787, 868-871, 1242 
Albuterol 
acidosis and, 1002r 
anxiety and, 404 
atrial fibrillation/atrial flutter and, 582t, 584 
atrial tachycardia and, 588-589, 589 
AV node re-entrant tachycardia and, 592-594, 592—594t 
myocardial ischemia/acute coronary syndromes and, 473¢ 
psychosis and, 416¢, 418¢ 
teratogenicity of, 1320 
visual disturbances and, 296t 
Alcohol use 
anxiety and, 409 
atrial fibrillation/atrial flutter and, 581, 582-583t, 584-586, 585—586t 
Brugada syndrome and, 547, 547t, 549 
cognitive disorders and, 362 
delirmm and, 326¢, 330, 337 
diarrhea and, 825, 827 
duration of detection in urine, 420t 
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gout/hyperuricemia and, 1139, 1146 
heart failure and, 516 
hepatic/cholestatic diseases and, 864 
hyperprolactinemia and, 744¢ 
hypertrichosis and, 197t 
hypotension and, 643, 648 
intracerebral hemorrhage and, 238-240, 238¢, 240t, 244t 
macrocytic anemia and, 1107, 1108 
in medication histories, 60 
nausea/vomiting and, 915 
osteoporosis/osteomalacia and, 1125, 1126, 1128, 1130 
pancreatitis and, 887, 890, 892 
peripheral neuropathy and, 281¢, 285 
psychosis and, 417¢, 423 
as risk factor for drug-induced diseases, 33 
sexual dysfunction and, 771, 772, 798 
sleep disorders and, 349—350t 
stroke and, 230-2314, 232, 233, 235t 
teratogenicity and, 1311, 1316, 1318, 1321, 1327, 1331-1333 
withdrawal treatment protocols, 424¢ 
Aldesleukin, 698, 907t, 1065t, 1067, 1069 
Aldosterone 
acidosis and, 1003t 
alcohol use and, 232 
alkalosis and, 1012-1013 
function of, 729 
hypertension and, 620 
hypoaldosteronism/hyperaldosteronism, 751 
hypotension and, 637 
primary adrenal insufficiency and, 734 
Alectinib, 144 
Alemtuzumab, 7¢, 1692, 172t, 698-6991, 701t, 710, 715, 983z, 1193¢ 
Alendronate 
atrial fibrillation/atrial flutter and, 581, 5821, 584 
hepatic/cholestatic diseases and, 848 
osteonecrosis of jaw and, 1274¢ 
osteoporosis/osteomalacia and, 1129¢, 1130 
upper gastromtestinal ulceration and, 812-814, 816, 818 
visual disturbances and, 296t 
Alfalfa, 144¢ 
Alfentanil, 906t 
Alfuzosin, 296t, 472t, 632t, 639t, 1050¢, 1234t 
Aliskiren, 633t, 638t, 942 
Alitretinoin, 144¢ 
Alkaline phosphatase (ALP), 859, 862 
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Alkalosis, 1012-1018 
causative agents of, 1012, 1013¢ 
clinical presentation of, 1014-1015, 1015¢ 
differential diagnosis of, 1015, 1016 
epidemiology of, 1012 
management of, 1016-1017, 1018f, 1018 
mechanisms of, 1012-1014, 1014+ 
morbidity and mortality for, 1015-1016 
patient education on, 1017 
respiratory, 1012-1017, 1013—1016¢ 
risk factors for, 1015, 1017¢ 
Alkylating agents 
chemotherapy-induced anemia and, 11014, 1109, 1109¢ 
infertility and, 7832, 786t, 800 
leukemia and, 1284, 1289, 1290 
neutropenia/agranulocytosis and, 1087, 1091 
sexual dysfunction and, 767, 770 
vaginal bleeding disorders and, 782t, 785t¢ 
ALL (acute lymphoblastic leukemia), 1283, 1286, 1291 
Allergic-mediated blood disorders, 75t, 80, 83-84, 83 
Allergic reactions. See Drug allergies 
Allodynia, 1141 
Allopurinol 
acute kidney injury and, 943—944¢, 957 
allergic and hypersensitivity reactions to, 74—75t, 85, 88, 109-110 
alopecia and, 171¢ 
cutaneous diseases and, 101, 102—103¢, 111, 1114, 113¢ 
drug fever and, 1188, 1191 
genetic variations affecting, 36¢ 
gout/hyperuricemia and, 1136-1137, 11367, 1144, 1145 
hepatic/cholestatic diseases and, 852t 
myocardial ischemia/acute coronary syndromes and, 473 
neutropenia/agranulocytosis and, 1089¢ 
oral erythema multiforme and, 1266, 1266t 
oral lichenoid reactions and, 1270, 1270t 
peripheral neuropathy and, 28 1¢ 
systemic lupus erythematosus and, 126t 
taste disorders and, 1259t, 1261t 
visual disturbances and, 296t, 316 
Allopurinol hypersensitivity syndrome, 109-110 
Allyl compounds, 849t 
Aloe vera, 698t, 850t, 1273 
Alogliptin, 506, 509, 8791, 884 
Alopecia, 165—193. See also Alopecia areata 
androgenetic, 165, 176, 180, 181-1822, 183-186, 184 
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causative agents of, 166-177, 167—174t 
clinical presentation of, 165, 176f, 180-183, 181—182z 
differential diagnosis of, 183, 184t 
epidemiology of, 177-178 
management of, 186-192, 187-189 
mechanisms of, 178-180, 179-180t 
morbidity and mortality for, 185 
patient education on, 192—193 
prevention of, 185-186, 185z¢ 
psoriatic, 179t, 180 
risk factors for, 183-184, 184¢ 
scarring, 174, 177, 179t, 184¢ 
traction, 183, 184¢ 
trichotillomania and, 183, 184¢ 
Alopecia areata 
clinical presentation of, 180, 181—182¢, 183 
defined, 166 
differential diagnosis of, 184 
management of, 187-1887, 191, 192 
mechanisms of, 178, 179t, 180 
Alosetron, 7t, 39t, 836t 
ALP (alkaline phosphatase), 859, 862 
Alpha lipoic acid, 1262 
@1-proteinase inhibitor, 7¢ 
a-adrenergic agonists, 633, 6451, 646, 747, 759t 
a-adrenergic antagonists, 7482, 759—761t, 764-765t, 766 
a-glucosidase inhibitors, 515, 822—823t 
a-melanocyte-stimulating hormone, 1242 
a 1-antagonists, 502¢ 
a 1-receptor inhibitors, 488 
a-receptor agonists, 4527, 620t, 621, 625t, 626, 627 
5-a reductase inhibitors, 1884, 190, 193, 206t, 207, 382, 758—760t, 763—764t 
a-tocopherol, 868, 12421, 1243 
a-adrenergic receptor agonists, 647 
a-adrenergic receptor antagonists, 647 
a7-agonists, 3487, 350r 
a -reductase inhibitors, 205 
Alprazolam, 144¢, 327t, 3291, 368, 380, 407, 1259¢ 
Alprenolol, 1050¢ 
Alprostadil, 761t, 765¢ 
ALT (alanine aminotransferase), 859, 862, 868, 1058 
Alteplase, 662, 6631, 664, 1029¢ 


Altretamine, 169¢, 907t 
Aluminum-containing antacids, 835, 1151 


Z512 


Aluminum hydroxide, 7012, 1013-1014 
Aluminum-magnesium hydroxide, 1262 
Alverine, 850t 
Alvimopan, 7t, 840, 840¢, 841 
Alzheimer disease agents, 633¢ 
Amanitin, 849¢ 
Amantadine 
akathisia and, 259 
delirmm and, 327t, 329t 
depression and, 390 
drug interactions with, 40 
dystonia and, 270 
heart failure and, 502t, 509 
hepatic/cholestatic diseases and, 851t 
neuroleptic malignant syndrome and, 1196, 1200, 1200¢ 
parkinsonism and, 273 
photosensitivity and, 144¢ 
psychosis and, 416t, 418¢ 
serotonin syndrome and, 1203—1204t 
SIADH and, 983¢ 
sleep disorders and, 348¢ 
tardive dyskinesia and, 264 
torsades de pointes and, 533¢, 539t 
visual disturbances and, 296t 
weight gain and, 1175 
Ambrisentan, 7t 
Amenorrhea and oligomenorrhea, 793—795 
causative agents of, 782t, 793 
clinical presentation of, 787t, 793 
differential diagnosis of, 788t, 793-794 
epidemiology of, 793 
management of, 7902, 794 
mechanisms of, 785t, 793 
morbidity and mortality for, 794 
patient education on, 794-795 
prevention of, 7892, 794 
risk factors for, 788t, 794 
American Academy of Neurology (AAN), 264-265 
American Cancer Society, 929, 1286, 1298, 1300, 1302, 1303 
American College of Obstetricians and Gynecologists (ACOG), 626, 1302, 1303 
American Diabetes Association, 506, 513, 689, 1174 
American Heart Association (AHA) 
blood pressure classification guidelines from, 618-619, 619¢ 
on cocaine-induced chest pain, 488 
on glitazone use, 506, 513 
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on musculoskeletal pain, 489 
on NSAID use, 476 
on phosphodiesterase-5 inhibitors and nitrate therapy, 484 
on risk factors for acute coronary syndrome, 479 
on stepped-care approach, 231 
on stroke risk factors, 234 
on thiazolidinedione use, 476 
American Psychiatric Association, 264, 336, 1174 
Amifostine 
acute kidney injury and, 954-955 
heart failure and, 515 
hypotension and, 635¢, 640t, 641-642, 645¢ 
nausea/vomiting and, 907¢ 
ototoxicity and, 1242¢ 
peripheral neuropathy and, 287¢ 
Amikacin, 1234, 1241 
Amiloride, 6331, 6382, 993, 993t, 1003¢ 
€-aminocaproic acid, 221 
Aminocaproic acid 
heart failure and, 5021, 509 
myopathy and, 11507, 1152, 11522, 1156 
ototoxicity and, 1234+ 
thromboembolic diseases and, 1064t, 1067, 1068¢ 
Aminoglutethimide 
alopecia and, 173t, 179t 
hepatic/cholestatic diseases and, 847t 
neutropenia/agranulocytosis and, 1089¢ 
SIADH and, 983¢ 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1050¢ 
Aminoglycosides 
acidosis and, 1003+ 
acute kidney injury and, 9431, 9451, 949-953, 955 
alkalosis and, 1013—1014¢ 
chronic kidney disease and, 965 
delirium and, 328¢ 
diarrhea and, 823¢ 
drug fever and, 1187 
drug interactions with, 38 
ototoxicity and, 1233, 1239, 12392, 1241-1243 
Aminolevulinic acid, 144 
Aminopenicillins, 87, 90, 101, 103¢ 
Aminophylline, 2187, 953, 1234 
Aminopterin, 1324-1325 
Aminosalicylate sodium, 1270t 
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Aminosalicylic acids, 9432, 1050t 
Amiodarone 
alopecia and, 167t 
asthma/bronchospasm and, 452t 
atrial fibrillation/atrial flutter and, 582—583t, 583-587, 585t, 587t 
atrial tachycardia and, 590, 591 
bleeding disorders and, 1031 
Brugada syndrome and, 549 
cognitive disorders and, 358¢ 
color changes of oral mucosa and teeth and, 1253, 1254—1255t 
delirium and, 326t 
depression and, 385 
diabetes insipidus and, 991t 
drug interactions with, 38 
heart failure and, 507, 511, 513 
hepatic/cholestatic diseases and, 847t, 8611, 864 
hypotension and, 634¢, 640t, 645¢ 
interstitial lung disease/pulmonary fibrosis and, 432t, 4351, 436-441 
iodine content of, 706t 
malignant hyperthermia and, 1213 
monomorphic ventricular tachycardia and, 523, 524—525t, 530 
myopathy and, 1150¢, 1151, 1155 
ototoxicity and, 1234¢ 
pancreatitis and, 8782, 885 
peripheral neuropathy and, 280¢ 
photosensitivity and, 144¢, 152, 154, 155 
sexual dysfunction and, 759¢ 
SIADH and, 981, 983¢ 
sinus bradycardia/atrioventricular block and, 570t, 572, 573t, 577 
systemic lupus erythematosus and, 124¢ 
thrombocytopenia and, 1050¢, 1052¢ 
thyroid diseases and, 698-6991, 7011, 704-705, 708, 710, 713-716 
torsades de pointes and, 532z, 540t, 541 
visual disturbances and, 295, 296t, 313, 315-317 
Amisulpride, 533¢, 539t, 570t, 577t 
Amitriptyline 
akathisia and, 259 
alopecia and, 172 
Brugada syndrome and, 547t 
cognitive disorders and, 365 
delirtum and, 326¢, 329t 
drug fever and, 1188¢ 
heart failure and, 504¢, 510¢ 
hyperprolactinemia and, 743¢ 
hypotension and, 634¢, 639t 
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ototoxicity and, 1234¢ 
peripheral neuropathy and, 288 
photosensitivity and, 144+ 
serotonin syndrome and, 1203—1204t 
SIADH and, 982t 
sinus bradycardia/atrioventricular block and, 573t, 578¢ 
torsades de pointes and, 533z, 540t 
weight gain and, 1166¢, 1169¢, 1170 
AML (acute myeloid leukemia), 1283-1287, 1289-1292 
Amlodipine 
asthma/bronchospasm and, 463 
gingival hyperplasia and, 1263, 1263¢ 
glucose/insulin dysregulation and, 688 
heart failure and, 505, 510, 515 
hypotension and, 632t, 639t 
oral erythema multiforme and, 1266¢ 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1234+ 
photosensitivity and, 144¢ 
taste disorders and, 1259t 
Amoxapine 
akathisia and, 255—256t, 258t 
alopecia and, 172 
depression and, 392 
dystonia and, 269¢ 
hyperprolactinemia and, 743¢ 
neuroleptic malignant syndrome and, 1195¢ 
neutropenia/agranulocytosis and, 1089¢ 
parkinsonism and, 2711, 273t 
seizures and, 221 
SIADH and, 982t 
tardive dyskinesia and, 2601, 264t 
Amoxicillin 
cutaneous diseases and, 1|11¢ 
hepatic/cholestatic diseases and, 846t 
myocardial ischemia/acute coronary syndromes and, 472 
serum sickness-like reactions and, 1192, 11934, 1194 
systemic lupus erythematosus and, 130 
torsades de pointes and, 542 
upper gastrointestinal ulceration and, 809 
Amoxicillin—clavulanate, 37, 8467, 8614, 1188+ 
Amoxicilln—clavulanic acid, 1259t, 1266t 
Amphetamine aspartate, 167¢ 
Amphetamine derivatives, 748¢ 
Amphetamines 
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alkalosis and, 1013—1014¢ 

alopecia and, 167t, 179t 

anxiety and, 4007, 401, 405¢, 409 

drug fever and, 1188¢ 

duration of detection in urine, 420t 

growth hormone deficiency and, 748 

hepatic/cholestatic diseases and, 851¢ 

hypertension and, 6182, 620t 

intracerebral hemorrhage and, 238t, 240t 

myocardial ischemia/acute coronary syndromes and, 473, 477t¢ 

psychosis and, 415, 416¢, 4187 

as risk factor for drug-induced diseases, 33 

seizures and, 219 

sexual dysfunction and, 783t, 786t 

stroke and, 230-23 1t, 232 

taste disorders and, 1259t, 1261t 

teratogenicity of, 1321 

thyroid diseases and, 701t 

visual disturbances and, 296t 
Amphotericin, 472, 846t 
Amphotericin B 

acidosis and, 1003+ 

acute kidney injury and, 943t, 945t, 949-953, 955 

allergic reactions to, 72t¢ 

chronic kidney disease and, 965 

diabetes insipidus and, 991, 991¢ 

drug fever and, 1186 

heart failure and, 502t, 509 

oral lichenoid reactions and, 1270t 

ototoxicity and, 1234¢ 

taste disorders and, 1259t 

thrombocytopenia and, 1050 
Amphotericin B colloidal complex, 950, 953 
Amphotericin B deoxycholate, 23, 943 
Amphotericin B lipid-based formulations, 23, 943t, 949-950, 953 
Amphotericin B liposomal, 950, 953, 991, 991¢ 
Ampicillin 

acute kidney injury and, 9432, 959 

allergic reactions to, 87 

cutaneous diseases and, 111¢ 

drug fever and, 1188¢ 

heart failure and, 503t, 509 

hepatic/cholestatic diseases and, 846¢ 

ototoxicity and, 1234¢ 

pancreatitis and, 8787, 882 
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thrombocytopenia and, 1050 
upper gastrointestinal ulceration and, 809 
Ampicilln—clavulanate, 1276 
Amprenavir, 92 
Amsacrine, 169t, 847t 
Amygdalin, 1002 
Amylin analogs, 1175¢ 
Amy] nitrate, 634¢, 640¢ 
ANA (antinuclear antibody test), 130-135 
Anabolic steroids 
alopecia and, 167t, 176, 179t, 180 
anxiety and, 4007, 402 
cutaneous diseases and, 108 
hirsutism and, 198, 199¢ 
hypertrichosis and, 198 
myocardial ischemia/acute coronary syndromes and, 473¢ 
osteoporosis/osteomalacia and, 1129t 
psychosis and, 415, 416, 4187 
sexual dysfunction and, 758, 762—763t, 765t 
Anagen effluvium, 176, 178-183, 179t, 181-1822, 184¢ 
Anagrelide, 144t, 4322, 502t, 510¢, 1026, 1029¢ 
Analgesic nephropathy, 965, 9667, 968—970, 9701, 972-976, 974t 
Analgesics 
acute kidney injury and, 958 
for caffeine withdrawal, 411 
chronic kidney disease and, 965, 966t, 968-970, 970t, 972-976, 974t 
hepatic/cholestatic diseases and, 846t 
myocardial ischemia/acute coronary syndromes and, 4721, 486, 4872, 489 
opioid. See Opioid analgesics 
ovarian hyperstimulation and, 789, 790¢ 
peripheral neuropathy and, 288 
seizures and, 218t, 220 
thrombocytopenia and, 1049 
visual disturbances and, 313 
Analogies, in epidemiology, 23 
Anaphylaxis 
causative agents, 72—73t, 95—96 
clinical presentation of, 82-83, 83¢ 
differential diagnosis of, 84 
epidemiology of, 76-77 
hospital admissions due to, 25 
as immediate reaction, 80 
management of, 98-100, 99¢ 
mechanisms of, 81 
risk factors for, 86 
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Anastrozole, 126¢, 169¢, 1064t, 106872, 1123¢ 
ANC (absolute neutrophil count), 1087, 1092, 1094, 1096 
Andexanet alfa, 245 
Androgen antagonists, 798 
Androgen-deprivation therapy, 3587 
Androgenetic alopecia, 165, 176, 180, 181—182t, 183-186, 184¢ 
Androgenic agents, 1065t, 1068—1069¢ 
Androgenic steroids, 102t 
Androgens 
alopecia and, 167t, 176, 179t, 183, 190 
anxiety and, 403 
hepatic/cholestatic diseases and, 848¢ 
hirsutism and, 193-194, 198, 199¢ 
primary adrenal insufficiency and, 734 
secondary adrenal insufficiency and, 735 
sexual dysfunction and, 763 
thyroid diseases and, 701¢ 
Anemia, 1099-1111 
aplastic, 1100-1104 
chemotherapy-induced, 1109-1111 
defined, 1099 
hemolytic, 83-84, 86, 1104-1107 
macrocytic, 1107-1109 
microcytic, 1102¢ 
normocytic, 1102¢ 
overview, 1099-1100 
Anencephaly, 1327-1329, 1328f 
Anesthetics 
acidosis and, 1003¢ 
alopecia and, 179t 
cognitive disorders and, 359t 
general, 850¢ 
hepatic/cholestatic diseases and, 864 
hypotension and, 634¢ 
hypothermia and, 1215 
inhaled. See Inhaled anesthetics 
intravenous, 907t 
local, 530, 1262, 1314 
malignant hyperthermia and, 1209-1210, 12092, 1212-1214 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 906-9072, 9112, 913-914, 921, 923 
ototoxicity and, 1243 
seizures and, 2184, 220, 226 
spinal, 9112, 914 
taste disorders and, 1262 
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topical, 818 
Angina pectoris, 471, 474-475, 480-485, 4811, 4872, 488-489 
Angioedema, 32, 72—73t, 77-83, 83—84t, 87, 96-98, 99t 
Angiotensin-converting enzyme (ACE) inhibitors 

acidosis and, 1003+ 

acute kidney injury and, 942, 9432, 944-949, 945, 952, 953 

alopecia and, 167t, 179t 

anxiety and, 403 

asthma/bronchospasm and, 451, 452t, 4551, 457-4581, 457-464, 461¢ 

chronic kidney disease and, 975-976 

comorbidity and, 34 

cutaneous diseases and, 103¢, 109 

delirium and, 327t 

depression and, 378 

drug-induced hospitalizations from, 26, 26t 

drug interactions with, 40 

genetic variability and, 15, 16, 16¢ 

glucose/insulin dysregulation and, 6821, 685¢ 

gout/hyperuricemia and, 1138 

heart failure and, 512, 515, 516 

hepatic/cholestatic diseases and, 847t 

hypersensitivity reactions to, 32, 77, 77t, 81-83, 87, 96-97 

hypertension and, 625 

hypotension and, 632t, 642-644, 645t 

myocardial ischemia/acute coronary syndromes and, 4721, 486, 489 





oral lichenoid reactions and, 1270 

ovarian hyperstimulation and, 789 

pancreatitis and, 8787, 880, 8867, 887, 891 

psychosis and, 416t, 422 

sexual dysfunction and, 772 

SIADH and, 981, 983¢ 

systemic lupus erythematosus and, 132 

teratogenicity of, 1316, 1334t 
Angiotensin-receptor blockers (ARBs) 

acidosis and, 1003+ 

acute kidney injury and, 942, 9437, 944-949, 945z, 953 

asthma/bronchospasm and, 454, 463 

drug interactions with, 40 

gout/hyperuricemia and, 1138 

heart failure and, 516 

hepatic/cholestatic diseases and, 847t 

hypersensitivity reactions to, 77t, 96-97 

hypertension and, 625 

hypotension and, 632t 

pancreatitis and, 8787, 880 
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sexual dysfunction and, 772 
Angiotensin-receptor neprilysin inhibitors, 633¢ 
Angiotensin IT, 620, 647, 945 
Angiotensin II receptor antagonists. See Angiotensin-receptor blockers (ARBs) 
Anidulafungin, 296¢ 
Aniline derivatives, 849 
Anion gap metabolic acidosis, 1002t, 1004¢, 1007¢ 
Anions, 1002, 1004, 10042, 1013 
Anorectic agents, 659, 662-663 
Antacids 
alkalosis and, 1013 
constipation and, 835 
heart failure and, 503¢, 510¢ 
myopathy and, 1151, 1153, 1156 
pancreatitis and, 881 
upper gastrointestinal ulceration and, 818 
Anthracyclines 
alopecia and, 185 
breast cancer and, 1300 
heart failure and, 501, 502t, 507, 508, 511, 514, 514r, 515 
infertility and, 783¢, 786t¢ 
lymphoma and, 1295 
nausea/vomiting and, 925, 926 
neutropenia/agranulocytosis and, 1087, 1091 
Anthralin cream, 187¢, 191 
Antiadrenergic agents, 378, 515 
Antiandrogens, 190-194, 205—207, 4321, 759t, 10642, 1068z, 1071 
Antianginal agents, 634¢ 
Antianxiety agents, 175, 761t 
Antiarrhythmics 
alopecia and, 167t, 179t 
atrial fibrillation/atrial flutter and, 583, 587 
cognitive disorders and, 358t, 359 
delirium and, 326 
drug fever and, 1187 
food interactions with, 41 
heart failure and, 501, 502t, 504, 504t, 507, 511, 513, 514r 
hypotension and, 634¢ 
monomorphic ventricular tachycardia and, 523, 525, 528-529 
neutropenia/agranulocytosis and, 1087 
seizures and, 218t 
systemic lupus erythematosus and, 133 
thyroid diseases and, 716 
torsades de pointes and, 538 
Antiasthmatics, 326t 
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Antibacterial agents, 125t, 150, 951-952, 1095 
Antibiotic-associated diarrhea (AAD), 821, 822-8232, 823, 825, 827, 830 
Antibiotics. See also specific antibiotics 

acute kidney injury and, 952, 956 

anxiety and, 403 

aplastic anemia and, 1100, 1103 

B-lactam. See B-lactam antibiotics 

carbapenems. See Carbapenems 

cephalosporin. See Cephalosporins 

cognitive disorders and, 358t 

constipation and, 836 

delirmm and, 333 

depression and, 377, 384 

diarrhea and. See Antibiotic-associated diarrhea (AAD) 

drug fever and, 1187, 1190, 1192 

drug-induced hospitalizations from, 26t¢ 

fluoroquinolone. See Fluoroquinolones 

food interactions with, 41 

hepatic/cholestatic diseases and, 870-871 

hypersensitivity reactions and, 1186 

infertility and, 800 

macrolides, 220, 328t, 541-542, 822, 823 

neutropenia/agranulocytosis and, 1087, 1094, 1095 

oral erythema multiforme and, 1269 

osteonecrosis of jaw and, 1276 

penicillins. See Penicillins 

psychosis and, 422 

quinolones, 101, 220 

seizures and, 218¢ 

serum sickness-like reactions and, 1192, 1194 

sulfonamide, 92-95, 93f 

thrombocytopenia and, 1052 

vulvovaginal candidiasis and, 7822, 785t, 790-792 
Antibody formation, 709-710 
Anticancer agents. See Antineoplastic agents 
Anticholnergics 

cognitive disorders and, 358—359t, 359-361, 364, 366-368 

constipation and, 835, 836—837t 

delirium and, 325, 328¢, 329, 331-333, 335 

nausea/vomiting and, 927, 927t 

neuroleptic malignant syndrome and, 1201 

psychosis and, 415, 416t, 41872, 421, 422, 424¢ 

seizures and, 219, 220 

sexual dysfunction and, 764—765t, 766 

sleep disorders and, 353 
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visual disturbances and, 295, 296t, 315, 329 
Anticoagulants 
alopecia and, 166, 167¢, 179t, 183-184 
bleeding disorders and, 1025—1026, 10267, 1028, 10292, 1032-1033, 1038-1039 
cutaneous diseases and, 105 
dosing and pharmacokinetic properties of, 1035-1036, 1035t 
hepatic/cholestatic diseases and, 868 
intracerebral hemorrhage and, 237—238, 240, 242t, 243-246, 244t 
ovarian hyperstimulation and, 789, 790t 
reversal algorithms, 1036, 1038f 
stroke and, 236—237 
thrombocytopenia and, 1057—1059 
thromboembolic diseases and, 1063, 1064¢, 1067, 10682, 1071, 1075-1078 
upper gastromtestinal ulceration and, 814 
valvular/pericardial heart disease and, 662 
visual disturbances and, 313 
Anticonvulsant hypersensitivity syndrome (AHS), 87, 95, 109 
Anticonvulsants. See also Seizures 
alopecia and, 168, 179t 
anxiety and, 402, 404, 411 
aplastic anemia and, 1100 
aromatic, 95, 109, 1114, 113¢ 
cognitive disorders and, 358—359t, 361, 365, 367 
constipation and, 835 
delirmm and, 325, 326t 
depression and, 376t 
drug fever and, 1187, 1192 
drug-induced hospitalizations from, 26t 
gingival hyperplasia and, 1264t 
hepatic/cholestatic diseases and, 861¢ 
hydantom, 133 
hypersensitivity reactions to, 87, 95, 109 
hypertrichosis and, 196t¢ 
neuroleptic malignant syndrome and, 1195 
oral erythema multiforme and, 1266 
ototoxicity and, 1243 
psychosis and, 418 
sexual dysfunction and, 764t, 772 
SIADH and, 981 
sleep disorders and, 348¢ 
suicidality and, 375, 387 
systemic lupus erythematosus and, 124, 130, 133 
teratogenicity of, 1315 
thrombocytopenia and, 1049 
weight gain and, 1166¢, 1168-11692, 1169-1170, 1173z, 1175¢ 
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Antidepressants 
alopecia and, 175 
anxiety and, 405, 410 
constipation and, 835, 836—837t 
cyclic, 219 
delirmm and, 325, 326—327t 
diarrhea and, 821, 822t 
drug-induced depression and, 376t 
drug interactions with, 33 
food interactions with, 41 
glucose/msulin dysregulation and, 680t, 684¢ 
hyperprolactinemia and, 742, 743—744t 
hypotension and, 634¢ 
intracerebral hemorrhage and, 239 
MAOIs. See Monoamine oxidase inhibitors 
myocardial ischemia/acute coronary syndromes and, 472¢ 
ototoxicity and, 1243 
seizures and, 218t, 219-221 
sexual dysfunction and, 758—765t, 761, 772, 783t, 786t, 797, 798, 800 
SIADH and, 981, 985, 988 
sleep disorders and, 352, 353 
SNRIs. See Serotonin—norepinephrine reuptake inhibitors 
SSRIs. See Selective serotonin reuptake inhibitors 
suicidality and, 375, 380, 387, 389-391 
TCAs. See Tricyclic antidepressants 
tetracyclic, 218¢, 759-7602, 1170 
thyroid diseases and, 713 
visual disturbances and, 313 
weight gain and, 1166¢, 1168-11692, 1170-1171, 1173z, 1175¢ 
Antidiabetic therapies, 26t, 634¢, 884, 1175z, 1304 
Antidiuretic hormone. See Syndrome of inappropriate antidiuretic hormone secretion (SIADH); Vasopressin 
Antidotes, for drug-induced psychosis, 424, 424 
Antiemetics 
akathisia and, 254, 255, 255t 
cognitive disorders and, 359 
delirium and, 325 
dystonia and, 266, 269 
hyperprolactinemia and, 742, 743—744t, 745 
hypotension and, 634¢ 
nausea/vomiting and, 910, 919-930 
neutropenia/agranulocytosis and, 1096 
ovarian hyperstimulation and, 789, 790¢ 
parkinsonism and, 271t, 273 
tardive dyskinesia and, 260, 261—263 
Antiepileptic drugs (AEDs) 
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akathisia and, 255t 

alopecia and, 175, 178 

cognitive disorders and, 367 

cutaneous diseases and, 111 

depression and, 378-379, 386, 389 

dystonia and, 270 

hepatic/cholestatic diseases and, 864 

hypotension and, 634¢ 

infertility and, 7832, 786t, 800, 802 

osteoporosis/osteomalacia and, 1121t, 1122, 1123¢, 1126¢, 1127 

pancreatitis and, 883 

parkinsonism and, 271t 

peripheral neuropathy and, 289 

psychosis and, 422 

seizures and, 217, 218t, 221, 224-226 

sexual dysfunction and, 783t, 786t¢ 

SIADH and, 983¢ 

side effects of, 254 

systemic lupus erythematosus and, 133 

tardive dyskinesia and, 262 

teratogenicity of, 1315, 1319, 1328, 1330-1331 

vaginal bleeding disorders and, 782t, 785t, 793 

visual disturbances and, 312 
Antiestrogens, 176, 381, 781, 783, 1300, 1301 
Antifibrinolytic drugs, 221, 1039 
Antifungal agents 

acute kidney injury and, 949, 955 

alopecia and, 168¢, 177, 179¢ 

cognitive disorders and, 358t 

delirmm and, 333 

imidazole, 103¢ 

neutropenia/agranulocytosis and, 1095 

systemic lupus erythematosus and, 125¢ 

vulvovaginal candidiasis and, 792 
Antigen-presenting cells (APCs), 78, 79, 87, 105 
Antihistamines 

for allergic reactions, 100 

asthma/bronchospasm and, 461 

cognitive disorders and, 359 

constipation and, 835, 837¢ 

cutaneous diseases and, 113 

delirium and, 325 

heart failure and, 515 

hypotension and, 634¢ 

nausea/vomiting and, 927, 927t 
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ototoxicity and, 1243-1244 

ovarian hyperstimulation and, 789, 790t 

photosensitivity and, 143, 155 

seizures and, 219 

serum sickness-like reactions and, 1194 

sexual dysfunction and, 759t, 764t 

visual disturbances and, 295 
Antihyperglycemics, 501, 505—506, 511, 513, 821, 822r 
Antihyperlipidemics, 313 
Antihypertensives 

acute kidney injury and, 942 

constipation and, 836 

delirium and, 327t 

depression and, 378, 385, 391 

drug fever and, 1187 

food interactions with, 41 

gout/hyperuricemia and, 1138 

hyperprolactinemia and, 742, 743t 

hypertension and, 6187, 621, 625 

hypertrichosis and, 196t 

hypotension and, 632—633t, 637, 644, 647, 648 

sexual dysfunction and, 761, 766, 772, 783t, 786t, 797-800 

stroke and, 236 

systemic lupus erythematosus and, 135 

teratogenicity of, 1317 

vaginal bleeding disorders and, 782t, 785t¢ 
Anti-infectives 

anxiety and, 399, 403 

cutaneous diseases and, 101 

depression and, 375, 376t, 377 

myocardial ischemia/acute coronary syndromes and, 472t 

nausea/vomiting and, 909¢ 

peripheral neuropathy and, 280+ 

visual disturbances and, 313 
Anti-inflammatory agents. See also Nonsteroidal anti-inflammatory drugs (NSAIDS) 

alopecia and, 191 

aplastic anemia and, 1100 

gout/hyperuricemia and, 1141, 1145 

hemolytic anemia and, 1104 

hepatic/cholestatic diseases and, 846¢ 

interstitial lung disease/pulmonary fibrosis and, 433 

pancreatitis and, 887 

systemic lupus erythematosus and, 135 
Antimalarial agents 

anxiety and, 403 
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color changes of oral mucosa and teeth and, 1255, 1255¢ 

cutaneous diseases and, 109 

depression and, 377 

myopathy and, 1151 

seizures and, 218t, 226 

systemic lupus erythematosus and, 135 

visual disturbances and, 295, 313, 318-319 
Antimetabolites 

chemotherapy-induced anemia and, 1109 

infertility and, 800 

leukemia and, 1286 

lymphoma and, 1293 

macrocytic anemia and, 1107 

neutropenia/agranulocytosis and, 1087, 1091 
Antimicrobial agents 

acute kidney injury and, 949 

cutaneous diseases and, 100-101 

delirium and, 328¢ 

diarrhea and, 828 

drug fever and, 1187, 1189, 1191 

hepatic/cholestatic diseases and, 846—847t 

hypotension and, 634—-635t 

interstitial lung disease/pulmonary fibrosis and, 433 

ototoxicity and, 1243 

pancreatitis and, 885 

thrombocytopenia and, 1049 

upper gastromtestinal ulceration and, 811 
Antimicrotubular agents, 11012, 1109 
Antimigraine agents, 376t, 380, 472t, 477t, 1204 
Antimitotic drugs, 1091 
Antimonials, 846t, 878 
Antimuscarinic agents 

akathisia and, 258, 259 

dystonia and, 265—266, 268-270 

parkinsonism and, 273 

tardive dyskinesia and, 261, 262, 265 
Antineoplastic agents. See also Chemotherapy agents 

alopecia and, 177 

atrial fibrillation/atrial flutter and, 581 

cognitive disorders and, 358—359t 

constipation and, 835, 836t 

diarrhea and, 821, 822—823t, 823, 825 

drug fever and, 1189 

drug-induced hospitalizations from, 26t 

heart failure and, 514 
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infertility and, 800 
myocardial ischemia/acute coronary syndromes and, 472¢ 
neutropenia/agranulocytosis and, 1087, 1091 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
ototoxicity and, 1243 
peripheral neuropathy and, 279, 280t, 288 
seizures and, 218, 221, 223, 226 
sexual dysfunction and, 762t, 765t, 767, 770-771, 774 
thromboembolic diseases and, 1065¢, 1069¢, 1071 
vaginal bleeding disorders and, 793 
visual disturbances and, 313 
Antinuclear antibody test (ANA), 130-135 
Antiobesity drug therapy, 1174-1175 
Antioxidants, 437, 856, 866, 953, 1158, 1243 
Antiparkinson agents 
cognitive disorders and, 358t, 359, 362 
delirmm and, 325 
heart failure and, 510¢ 
hypotension and, 635¢ 
neuroleptic malignant syndrome and, 1196 
parkinsonism and, 273 
sexual dysfunction and, 759t, 764t 
sleep disorders and, 348t, 350t 
Antiplatelet drugs 
aplastic anemia and, 1100¢ 
bleeding disorders and, 1025, 1026r, 1029, 1029¢, 1033, 1039 
intracerebral hemorrhage and, 239-245 
myocardial ischemia/acute coronary syndromes and, 480, 486, 487¢ 
neutropenia/agranulocytosis and, 1087 
Antipsychotics 
alopecia and, 179t 
anxiety and, 4007, 405, 410 
atypical. See Atypical antipsychotics 
butyrophenone, 266 
cognitive disorders and, 358—359t, 359, 369 
constipation and, 835, 836t 
conventional, 742, 743t, 745-746, 1167t, 1169¢, 1171 
delirium and, 325, 326t, 335-338, 340 
dystonia and, 265, 268 
hyperprolactinemia and, 742, 743—744t, 745-747 
hypertrichosis and, 197t, 199 
hypotension and, 635t, 642, 645t 
hypothermia and, 1215—1218 
myocardial ischemia/acute coronary syndromes and, 472t 
neuroleptic malignant syndrome and, 1195, 1196, 1200, 1201 
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neutropenia/agranulocytosis and, 1088 
phenothiazine. See Phenothiazines 
psychosis and, 418, 423, 424 
seizures and, 218, 221, 225 
serotonin syndrome and, 1209 
sexual dysfunction and, 757, 758-760, 761, 763—764t, 772, 783t, 786t, 797-800 
SIADH and, 982—983¢, 985 
sleep disorders and, 353 
suicidality and, 375, 380 
tardive dyskinesia and, 260, 262, 264, 265 
thromboembolic diseases and, 1066t, 1067, 1070t 
torsades de pointes and, 540—542 
typical. See Typical antipsychotics 
visual disturbances and, 295 
weight gain and, 1166-11694, 1170-1174, 1173¢, 1175¢ 
Antipyretics 
chronic kidney disease and, 966t, 968, 970t, 9721, 974t 
drug fever and, 1186, 1190, 1191 
hypothermia and, 1216 
serum sickness-like reactions and, 1186 
Antipyrine, 701¢ 
Antiretroviral therapy. See also Highly active antiretroviral therapy (HAART) 
alopecia and, 183 
cognitive disorders and, 358t, 362 
combined, 1172 
diarrhea and, 823¢ 
drug fever and, 1190 
hyperprolactinemia and, 744¢ 
myopathy and, 1151, 1154, 1159 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
peripheral neuropathy and, 279, 283, 285, 288, 289 
sexual dysfunction and, 797, 798 
thyroid diseases and, 701, 704 
weight gain and, 1167—1168¢, 1172 
Antirheumatic agents, 174, 178, 1049, 1087, 1175¢ 
Antiserotonergic agents, 256, 259 
Antispasmodics, 359, 1243 
Antithrombotic therapy, 235, 245—246, 476, 1028, 1057 
Antithymocyte globulin (OKT3), 11934, 1284¢, 12882, 1292-1294 
Antithyroid agents. See Thyroid medications 
Antitoxins, 1192, 1194 
Antituberculosis agents, 288, 377, 710, 1138 
Antitussives, 464 
Antivascular endothelin growth factor agents, 620t 
Antivenoms, 1192, 1194 
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Antivirals 
alopecia and, 168¢, 179t 
chronic kidney disease and, 966-967 
delirmm and, 333 
depression and, 376t, 377-378 
drug fever and, 1187 
hypertrichosis and, 196t¢ 
lymphoma and, 1295 
in sulfa drug class, 92 
Anxiety, 399-411 
causative agents of, 399-404, 400-401 
clinical presentation of, 406—408, 406r, 408¢ 
differential diagnosis of, 407, 407t¢ 
epidemiology of, 404, 404 
management of, 410-411 
mechanisms of, 404—406, 405¢ 
morbidity and mortality for, 409-410 
patient education on, 411 
prevention of, 410, 410¢ 
risk factors for, 408—409, 408r 
Anxiolytics, 486, 631, 1243 
APCs (antigen-presenting cells), 78, 79, 87, 105 
Apixaban 
alopecia and, 167t 
bleeding disorders and, 1029¢ 
intracerebral hemorrhage and, 237, 238¢, 245 
thromboembolic diseases and, 1076, 1077t 
valvular/pericardial heart disease and, 6617, 662 
Aplastic anemia, 1100-1104 
causative agents of, 1100, 1100¢ 
clinical presentation of, 1101-1102, 1102z 
differential diagnosis of, 1102, 1102 
epidemiology of, 1100 
management of, 1103-1104 
mechanisms of, 1100-1101, 1101¢ 
morbidity and mortality for, 1102-1103 
patient education on, 1104 
prevention of, 1103, 1103¢ 
risk factors for, 1102, 1103+ 
Apomorphine, 41 8¢ 
Aprepitant, 926, 922, 923, 924 
Aprindine, 847t 
Aprotinin, 8, 72, 10642, 1067, 1068¢ 
ARBs. See Angiotensin-receptor blockers 
Arbutamine, 4721 
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Argatroban, 472t, 1029t, 1058 
Aripazine, 245 
Aripiprazole 
acidosis and, 1002r 
alopecia and, 172 
anxiety and, 4007, 405 
constipation and, 836 
delirmm and, 338 
depression and, 376t 
hypertrichosis and, 197¢ 
hypotension and, 635t, 639t 
neuroleptic malignant syndrome and, 1195¢ 
ototoxicity and, 1234¢ 
photosensitivity and, 144¢ 
sexual dysfunction and, 765t, 772 
SIADH and, 982t 
tardive dyskinesia and, 265 
thyroid diseases and, 710 
torsades de pointes and, 533z, 540t 
visual disturbances and, 296t 
weight gain and, 1166¢, 1169¢, 1170, 1175, 1175¢ 
Aripiprazole lauroxil, 635¢ 
Aristolochic acid (Chinese herbs), 965, 966t, 969-976, 970t, 972t, 974t 
Armodafinil, 4002, 409 
Aromatase inhibitors 
alopecia and, 176 
breast cancer and, 1300 
depression and, 376t, 381-382 
endometrial cancer and, 1303 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
thromboembolic diseases and, 1064t, 1068+ 
Aromatic amines, 132 
Aromatic anticonvulsants, 95, 109, 111¢, 113¢ 
Arrhythmias. See Supraventricular arrhythmias; Ventricular arrhythmias 
Arsenic, 171t, 177, 1255t, 1266t 
Arsenicals, 849 
Arsenic trioxide, 524t, 532t, 539t, 907t 
Ascorbic acid, 810¢, 811, 1105¢ 
Asenapine, 1166¢, 1169¢ 
Asparaginase. See also L-asparaginase 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 847t 
pancreatitis and, 8782, 886t 
thromboembolic diseases and, 1065¢, 1069t, 1075t 
Aspartame, 72 
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Aspartate aminotransferase (AST), 862, 865, 868, 1058 
Aspirin. See also Aspirin-induced asthma (ATA) 
adverse events associated with, 20 
allergic and hypersensitivity reactions to, 72t, 77t, 81, 97-98 
bleeding disorders and, 1025—1027, 1026z, 1029, 10292, 1030, 1033, 1039 
cardioprotective effects of, 50 
chronic kidney disease and, 968 
comorbidity and, 34 
drug fever and, 1188, 1191 
glucose/insulin dysregulation and, 688 
gout/hyperuricemia and, 1136¢, 1137 
heart failure and, 510¢ 
hepatic/cholestatic diseases and, 846t 
hypothermia and, 1216 
intracerebral hemorrhage and, 238¢, 240f, 2421, 243, 244 
monomorphic ventricular tachycardia and, 524t 
myocardial ischemia/acute coronary syndromes and, 4721, 479, 480, 486, 487¢, 488, 489 
neutropenia/agranulocytosis and, 1089 
oral erythema multiforme and, 1266t¢ 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1234¢ 
pancreatitis and, 881, 886f, 887-888 
sinus bradycardia/atrioventricular block and, 578 
stroke and, 236 
for systemic lupus erythematosus, 135 
taste disorders and, 1259t 
teratogenicity of, 1326 
thrombocytopenia and, 1053, 1056 
thromboembolic diseases and, 1075 
thyroid diseases and, 701 
upper gastromtestinal ulceration and, 809-818, 810-8114, 816 
vaginal bleeding disorders and, 796 
visual disturbances and, 297t 
Aspirin desensitization, 461—462 
Aspirin-exacerbated respiratory disease (AERD), 453, 455, 457-463 
Aspirin-induced asthma (ATA) 
causative agents of, 451, 452¢ 
clinical presentation of, 457—459 
as drug allergy or hypersensitivity reaction, 82, 87, 98 
epidemiology of, 453 
management of, 462 
mechanisms of, 455, 455t, 456, 456f 
morbidity and mortality for, 460 
prevention of, 461, 461¢ 
risk factors for, 4582, 459-460 
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Aspirin tetrad, 455 
AST (aspartate aminotransferase), 862, 865, 868, 1058 
Astemizole, 541 
Asthma and bronchospasm, 451—464. See also Aspirin-induced asthma (AIA) 
causative agents of, 72—73t, 451, 452—453t 
clinical presentation of, 457—459, 457t 
differential diagnosis of, 457, 458¢ 
epidemiology of, 451, 453-454 
management of, 2182, 462-463 
mechanisms of, 455—457, 455t, 456f 
morbidity and mortality for, 460-461 
patient education on, 463—464 
prevention of, 461—462, 461¢ 
risk factors for, 4582, 459-460 
Atazanavir, 168¢, 533t, 539t, 1234t, 1266¢ 
Atenolol 
alopecia and, 168¢ 
delirium and, 327t 
hyperprolactinemia and, 743¢ 
hypotension and, 6321, 6381, 646t¢ 
oral lichenoid reactions and, 1270t 
sinus bradycardia/atrioventricular block and, 577t, 579 
systemic lupus erythematosus and, 124¢ 
teratogenicity of, 1317 
ATN. See Acute tubular necrosis 
Atomoxetine, 2192, 221, 4001, 401, 646t, 647, 7611, 984 
Atorvastatin 
alopecia and, 171¢ 
constipation and, 836 
intracerebral hemorrhage and, 239 
myopathy and, 1157 
oral lichenoid reactions and, 1270t 
pancreatitis and, 8782, 886t 
peripheral neuropathy and, 280¢ 
sleep disorders and, 348t¢ 
systemic lupus erythematosus and, 124¢ 
taste disorders and, 1259t 
visual disturbances and, 297t 
Atovaquone-proguanil, 144 
Atracurmm, 721, 636t, 638t, 644 
Atrial fibrillation/atrial flutter, 581-588 
causative agents for, 581, 582—583+ 
clinical presentation of, 584-585, 584t 
differential diagnosis of, 585, 585t¢ 
epidemiology of, 581, 583 
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management of, 586-588, 587t 

mechanisms of, 583—584, 583¢ 

morbidity and mortality for, 586 

patient education on, 588 

prevention of, 586, 586¢ 

risk factors for, 585-586, 585t 
Atrial tachycardia, 588—592 

causative agents of, 588, 588¢ 

clinical presentation of, 589, 589¢ 

differential diagnosis of, 589, 589¢ 

epidemiology of, 588 

management of, 590-591, 591 

mechanisms of, 589, 589 

morbidity and mortality for, 590 

patient education on, 591-592 

prevention of, 590, 590t 

risk factors for, 589-590, 589¢ 
Atrioventricular (AV) block. See Sinus bradycardia/atrioventricular block 
Atrioventricular node re-entrant tachycardia (AVNRT), 592-595 

causative agents of, 592, 592t 

clinical presentation of, 593, 593t 

differential diagnosis of, 593, 593t 

epidemiology of, 592 

management of, 594, 595t 

mechanisms of, 592-593 

morbidity and mortality for, 594 

patient education on, 594-595 

prevention of, 594, 594t 

risk factors for, 593-594, 593t 
Atropine, 317, 328-3291, 4721, 530, 580, 1234¢, 1256¢ 
Attention deficit/hyperactivity disorder (ADHD) agents, 219¢, 221-222, 401 
Atypical antipsychotics 

acidosis and, 1002r 

akathisia and, 254-256, 255—256t, 258, 2581, 259 

alopecia and, 175 

delirmm and, 336, 340 

development of, 254 

dystonia and, 266t, 269, 269t, 270 

glucose/insulin dysregulation and, 679, 6807, 683, 684¢, 690 

hypothermia and, 1215—1217 

neuroleptic malignant syndrome and, 1195—1199 

neutropenia/agranulocytosis and, 1088 

parkinsonism and, 270-273, 271t, 273t 

sexual dysfunction and, 758—760t, 761t, 764¢ 

stroke and, 233 
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tardive dyskinesia and, 2601, 261, 263-265, 264t 
torsades de pointes and, 541, 542 
weight gain and, 1166¢, 1169¢, 1170 
Auranofin, 1089¢ 
Aurothiopropanosulfonate, 432t 
Autism, 21, 29, 1315 
Autoantibodies, 1052—1053, 1106 
AV (atrioventricular) block. See Sinus bradycardia/atrioventricular block 
Avelumab, 7t 
AVNRT. See Atrioventricular node re-entrant tachycardia 
Axelopran, 840-841 
Axicabtagene, 7t¢ 
Axitinib, 169t, 698-6991, 709, 836t, 883 
Azacitidine, 4321, 660t, 907t 
Azaribine, 473t 
Azathioprine 
allergic reactions to, 72t 
alopecia and, 172 
cutaneous diseases and, 102, 108 
drug fever and, 1188¢ 
genetic variations affecting, 36¢ 
gout/hyperuricemia and, 1145 
hepatic/cholestatic diseases and, 8521, 866 
hyperprolactinemia and, 744¢ 
interstitial lung disease/pulmonary fibrosis and, 440 
leukemia and, 1284, 12847, 1286 
lymphoma and, 12844, 12882, 1292, 1293 
macrocytic anemia and, 1108¢ 
pancreatitis and, 8787, 879, 880, 886t, 891, 891¢ 
pharmacogenomic tests for, 35 
photosensitivity and, 144+ 
skin cancer and, 1284¢, 1288¢, 1297, 1298 
taste disorders and, 1259t 
upper gastrointestinal ulceration and, 815 
Azilsartan, 632t 
Azimilide, 538 
Azithromycin 
cutaneous diseases and, 103¢ 
delirium and, 328 
gingival hyperplasia and, 1265 
myocardial ischemia/acute coronary syndromes and, 4721, 474 
ototoxicity and, 1234¢ 
SIADH and, 984¢ 
taste disorders and, 1259t 
torsades de pointes and, 532z, 542 
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Azole antifungals, 792, 846¢ 
Azole antiparasitics, 846¢ 
Aztreonam, 90, 92, 1234t 


Bacillus Calmette-Guerin (BCG) vaccine, 197t, 1270t 
Bacitracin, 1234t 
Baclofen 
anxiety and, 400t 
asthma/bronchospasm and, 463 
hypothermia and, 1215—1217, 1216¢ 
neuroleptic malignant syndrome and, 1197 
peripheral neuropathy and, 288 
seizures and, 217 
sexual dysfunction and, 759—760¢, 783t, 786t 
sinus bradycardia/atrioventricular block and, 570t, 577t 
tardive dyskinesia and, 265 
Balsalazide, 660t, 662 
Barbiturates 
acidosis and, 1003+ 
anxiety and, 4007, 402 
cognitive disorders and, 359t, 360, 362 
cutaneous diseases and, 102t 
depression and, 379 
duration of detection in urine, 420t 
hepatic/cholestatic diseases and, 851t 
hypotension and, 643 
malignant hyperthermia and, 1212, 1212¢ 
oral erythema multiforme and, 1266t¢ 
seizures and, 226 
visual disturbances and, 297t, 313 
Barium contrast, 1266t 
Basal cell carcinoma (BCC), 1295-1297 
Basiliximab, 721, 10652, 10692, 1295 
BCG (Bacillus Calmette-Guerin) vaccine, 197t, 1270t 
BCNU. See Carmustine 
BCNU/CCNU, 847t 
Beclomethasone, 473t, 739 
Beclomethasone dipropionate, 731t, 736t, 738 
Beers Criteria, 31, 368 
Belatacept, 1721, 836t 
Benazepril, 1441, 167t, 632, 638t, 878¢ 
Bendamustine, 907t 
Benoxaprofen, 197t¢ 
Benzalkonium chloride, 4521, 454, 455t 
Benzocaine, 144t, 472t 
Benzodiazepines 
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acidosis and, 1003¢, 1011 
akathisia and, 259 
anxiety and, 4004, 402, 404, 405z, 407, 410, 411 
cognitive disorders and, 358—359t, 360-362, 364, 366-369 
delirium and, 325, 327t, 333, 336, 337 
depression and, 378, 380 
duration of detection in urine, 420t 
dystonia and, 270 
hepatic/cholestatic diseases and, 8517, 871 
hypothermia and, 1215, 1216 
malignant hyperthermia and, 1213, 1213¢ 
myocardial ischemia/acute coronary syndromes and, 4871, 488, 489 
nausea/vomiting and, 927, 927t 
neuroleptic malignant syndrome and, 1197, 1200¢, 1201 
psychosis and, 417t, 423, 424, 424t 
secondary adrenal insufficiency and, 737 
seizures and, 95, 217, 218t, 224-226 
serotonin syndrome and, 1208, 1208 
sexual dysfunction and, 758—759t 
sleep disorders and, 352—353 
teratogenicity of, 1319, 1320 
visual disturbances and, 313, 315 
withdrawal from, 421, 424t 
Benzonatate, 297t 
Benzphetamine, 167¢ 
Benztropine, 328-3294, 348¢, 1188¢ 
Bepridil, 432 
Bergamot oil, 144 
Beryllium, 849¢ 
B-adrenergic agonists, 747, 748 
B-adrenergic agonists, 635, 10027, 1319 
B-adrenergic receptor blockers (B-blockers) 
akathisia and, 258, 259 
alopecia and, 168¢, 178, 179¢ 
anxiety and, 4007, 404, 410 
asthma/bronchospasm and, 451, 452t, 453-457, 4552, 458t, 459-464, 461 
atrial fibrillation/atrial flutter and, 586 
atrial tachycardia and, 591 
comorbidity and, 34 
cutaneous diseases and, 1034, 106, 109 
delirium and, 327t 
depression and, 376¢, 378, 391 
drug interactions with, 40 
dystonia and, 270 
glucose/insulin dysregulation and, 680f, 6821, 684—685t 
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heart failure and, 501, 502¢, 504t, 509, 510, 512, 516 
hepatic/cholestatic diseases and, 847t 
hypertension and, 6201, 621, 625-627, 625t 
hypertrichosis and, 196t¢ 
hypotension and, 6321, 643, 645t, 647 
malignant hyperthermia and, 1213 
myocardial ischemia/acute coronary syndromes and, 4721, 477t, 480, 485, 486, 4872, 488, 489 
oral lichenoid reactions and, 1270 
psychosis and, 422 
sexual dysfunction and, 758—759t, 761, 763—764t, 767, 772 
sinus bradycardia/atrioventricular block and, 569, 570t, 572, 573—574t, 576-577, 579, 580 
sleep disorders and, 3487, 350t, 351 
smoking and, 33 
teratogenicity of, 1316, 1317 
thyroid diseases and, 716, 717 
visual disturbances and, 313 
B-carotene, 850t 
Betahistine, 452t 
Betaine glucuronate, 868 
B-lactam antibiotics 
acute kidney injury and, 9432, 956 
allergic reactions to, 74t, 84, 87, 89-90, 89t 
diarrhea and, 821 
drug interactions with, 38 
neutropenia/agranulocytosis and, 1088, 1089¢, 1091¢, 1094 
taste disorders and, 1259t, 1261t 
upper gastromtestinal ulceration and, 809 
Betamethasone, 195—196t, 473t, 474, 731t, 736t, 739t, 741 
Betamethasone propionate, 1273 
Betaxolol, 168t, 462, 577t, 632t, 638t 
Betel nut, 221 
Bevacizumab 
alopecia and, 169¢ 
constipation and, 836 
heart failure and, 502t, 508, 512 
hypertension and, 618¢ 
osteonecrosis of jaw and, 1273-1276, 1274t 
systemic lupus erythematosus and, 126t 
thromboembolic diseases and, 1065t, 1069 
thyroid diseases and, 698¢, 715 
visual disturbances and, 297t 
Bexarotene, 144t, 191, 6984, 701¢, 710, 714 
Bezafibrate, 878 
Bicalutamide, 144, 432, 836t, 1123¢ 
Bicarbonate 
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acidosis and, 1001, 1004-1006, 1009, 1010 
alkalosis and, 1012-1017 
upper gastromtestinal ulceration and, 812, 817 
Biguanides, 822—823t, 1002t 
Bile acid sequestrants, 836¢, 869 
Bimatoprost, 197, 197¢ 
Biologic agents 
alopecia and, 176, 178 
anaphylaxis and, 95—96 
heart failure and, 501, 5021, 507-508, 511-512, 514, 514¢ 
hypotension and, 635¢ 
interstitial lung disease/pulmonary fibrosis and, 433 
serum sickness-like reactions and, 1192 
Biologic gradient, 22 
Biostatistical analysis, 21 
Bipolar disorder, 378—380 
Birth control. See Contraceptives 
Birth defects. See Teratogenicity 
Bisacodyl, 840 
Bishop’s weed, 144, 297t 
Bismuth, 171¢, 177, 1254—-1255¢, 1270¢ 
Bismuth subsalicylate, 8271, 829 
Bisoprolol, 512, 632t, 638t, 1317 
Bisphosphonates 
atrial fibrillation/atrial flutter and, 581, 583, 584 
constipation and, 836¢ 
osteonecrosis of jaw and, 1273-1276, 1274-1275t 
osteoporosis/osteomalacia and, 1129, 1129¢, 1130 
upper gastromtestinal ulceration and, 809-812, 810-8114, 814, 816, 816¢, 818-819 
visual disturbances and, 312, 318 
Bisulfites, 455 
Bitter melon, 682t, 685¢ 
Bitter orange, 144+, 297t, 400¢, 404, 409 
Bivalirudin, 239, 487t, 10292, 1032, 1033, 1058 
Black box warnings, 38, 230, 261, 475, 841, 922 
Black cohosh, 850t 
Black mustard, 297t 
Bladder cancer, 1303—1305 
causative agents of, 12852, 1303 
clinical presentation of, 1290¢, 1304 
differential diagnosis of, 12901, 1304 
epidemiology of, 1303-1304 
management of, 1305 
mechanisms of, 1288¢, 1304 
morbidity and mortality for, 1304 
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patient education on, 1305 
prevention of, 12947, 1304-1305 
risk factors for, 1291¢, 1304 
Bleeding diathesis, 240 
Bleeding disorders, 1025—1039 
causative agents of, 1025-1026, 1026t 
clinical presentation of, 1030—1031, 1030t 
definitions of, 1027, 1027t 
differential diagnosis of, 1030, 1031¢ 
epidemiology of, 1026-1028 
management of, 1036—1037t, 1036-1039, 1038f 
mechanisms of, 1028-1030, 1028f, 1029¢ 
morbidity and mortality for, 1032-1034 
patient education on, 1039 
prevention of, 1034—1035¢, 1034-1036 
risk factors for, 1031—1032, 1031—1032r 
Bleomycin 
alopecia and, 169¢, 176 
color changes of oral mucosa and teeth and, 1254¢ 
drug fever and, 1186, 1188¢ 
hepatic/cholestatic diseases and, 847¢ 
infertility and, 783¢, 786 
interstitial lung disease/pulmonary fibrosis and, 431, 4327, 434, 4352, 437-440 
leukemia and, 1285 
myocardial ischemia/acute coronary syndromes and, 472 
ototoxicity and, 1234+ 
thromboembolic diseases and, 1065t, 1069 
Blood disorders, allergic-mediated, 751, 80, 83-84, 83t 
Blood modifiers, 472t 
Blood pressure classification guidelines, 618-619, 6192, 621 
Blue cohosh, 5021, 510+ 
Boceprevir, 173t, 1792, 1258, 1259¢ 
Bone marrow aplasia, 1109 
Bone remodeling, 1120, 1122, 1126 
Bortezomib 
alopecia and, 169¢ 
hepatic/cholestatic diseases and, 847t 
interstitial lung disease/pulmonary fibrosis and, 437 
pancreatitis and, 8782, 883 
peripheral neuropathy and, 280¢, 282t, 285, 286, 288 
SIADH and, 983¢ 
Bosentan, 7t, 636t, 640t, 852t 
Boston Collaborative Drug Surveillance Program, 94, 104, 219 
Bosutinib, 907t, 1087 
Botulinum toxin, 265, 270, 297t, 10662, 10702, 1259t 
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Bradykinin, 82, 96, 457, 460, 887 
BRAF (B-rapidly accelerated fibrosarcoma) inhibitors, 1284t, 1295-1298 
B-rapidly accelerated fibrosarcoma (BRAF) inhibitors, 1284, 1295-1298 
BRCA gene mutation, 1299, 1300 
Breakthrough bleeding, 793, 794 
Breast cancer, 1298-1301 
causative agents of, 1285z, 1298-1299 
clinical presentation of, 1290t, 1299 
differential diagnosis of, 1290t, 1299 
epidemiology of, 1299 
management of, 1300 
mechanisms of, 1288t 
morbidity and mortality for, 1300 
patient education on, 1301 
prevention of, 12947, 1300 
risk factors for, 12914, 1299-1300 
Brentuximab, 169¢, 8782, 883-884, 886 
Bretylium, 634¢ 
Brexpiprazole, 4002, 405, 6352, 1166, 1169¢ 
Brinzolamide, 1003t 
Brodalumab, 7t 
Bromelin, 452t 
Bromfenac, 846t 
Bromides, 108 
Bromine, 701t 
Bromocriptine 
alopecia and, 171t, 175 
anxiety and, 408 
delirtum and, 327t, 329t 
heart failure and, 502t, 509 
hyperprolactinemia and, 746 
hypotension and, 635t, 640t 
interstitial lung disease/pulmonary fibrosis and, 432 
myocardial ischemia/acute coronary syndromes and, 473¢ 
nausea/vomiting and, 911¢ 
neuroleptic malignant syndrome and, 1196, 1200, 1200¢ 
ototoxicity and, 1234¢ 
psychosis and, 4187 
serotonin syndrome and, 1206 
sexual dysfunction and, 783t, 786t¢ 
sleep disorders and, 348¢ 
thromboembolic diseases and, 1066¢, 1070t 
thyroid diseases and, 701¢ 
valvular/pericardial heart disease and, 659, 660t, 663 
visual disturbances and, 297t 


2541 


Brompheniramine, 1089¢ 
Bronchodilators, 404, 454, 460-461, 1320 
Bronchospasm. See Asthma and bronchospasm 
Brown v. American Home Products Corporation Diet Drugs (2000), 9, 9t 
Brugada syndrome, 546-549 
causative agents of, 546, 547¢ 
clinical presentation of, 547-548, 547t 
differential diagnosis of, 548 
epidemiology of, 546 
management of, 549 
mechanisms of, 546-547 
morbidity and mortality for, 548 
patient education on, 549 
prevention of, 549 
risk factors for, 548, 548¢ 
Budesonide, 171t, 196t, 731t, 732, 736t, 738, 739, 879 
Buflomedil, 502t 
Buformin, 1002 
Bulk-forming laxatives, 840, 840 
Bumetanide, 633, 6382, 878t, 1234¢ 
Bupivacaine 
Brugada syndrome and, 547t 
hypotension and, 634¢ 
malignant hyperthermia and, 1212, 1212¢ 
monomorphic ventricular tachycardia and, 524—525t, 530 
ototoxicity and, 1234¢ 
sinus bradycardia/atrioventricular block and, 570t, 573t 
taste disorders and, 1259t 
visual disturbances and, 297t 
Buprenorphine, 7¢, 533¢, 539¢, 906t, 1203-12042, 1205 
Bupropion 
allergic reactions to, 74t, 84 
alopecia and, 172 
anxiety and, 400z, 405t, 409 
constipation and, 836 
delirium and, 327t 
depression and, 391, 392 
hypertension and, 618¢ 
monomorphic ventricular tachycardia and, 524¢ 
myocardial ischemia/acute coronary syndromes and, 472 
nausea/vomiting and, 909¢ 
ototoxicity and, 1234¢ 
psychosis and, 416t, 418¢, 422 
seizures and, 2184, 219-221, 222r 
serum sickness-like reactions and, 1193+ 
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sexual dysfunction and, 765t, 772 
SIADH and, 9822, 990 
sleep disorders and, 349, 349-3504, 353 
systemic lupus erythematosus and, 126t, 132 
weight gain and, 1166¢, 11694, 1170, 1175¢ 
Burning bush, 297¢ 
Buspirone, 172t, 175, 761t, 1203—-1204t 
Busulfan 
alopecia and, 169¢, 177 
color changes of oral mucosa and teeth and, 1254¢ 
hepatic/cholestatic diseases and, 848¢ 
interstitial lung disease/pulmonary fibrosis and, 431, 432 
leukemia and, 1284, 1291 
nausea/vomiting and, 907t¢ 
oral erythema multiforme and, 1266t¢ 
osteoporosis/osteomalacia and, 1123¢ 
seizures and, 218¢ 
sexual dysfunction and, 759¢ 
valvular/pericardial heart disease and, 660—661t, 662 
visual disturbances and, 297t, 316 
Butane, 473t 
4-butanolide, 1213 
Butorphanol, 906¢ 
Butyrolactone gamma, 1213 
Butyrophenones, 266, 541, 743t, 927t, 929 


CA-AKI (community-acquired acute kidney injury), 941-942, 944 
Cabazitaxel, 169t 
Cabergoline 

alopecia and, 171t¢ 

heart failure and, 502—503¢, 510t 

hyperprolactinemia and, 746 

valvular/pericardial heart disease and, 659-664, 6601, 6631, 668-6692, 668-670 
Cabozantinib, 7t, 169t, 635t, 698—699t 
Cade oil, 850t 
Caffeine 

anxiety and, 4002, 401, 404, 4052, 407-409, 411 

atrial fibrillation/atrial flutter and, 582t 

atrial tachycardia and, 588-589, 589 

AV node re-entrant tachycardia and, 592t 

chronic kidney disease and, 973 

diarrhea and, 825, 827 

in food—drug interactions, 40 

hypertension and, 6182, 620t 

hypotension and, 644 

infertility and, 783¢, 786t, 800-802 
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intracerebral hemorrhage and, 240, 242 
malignant hyperthermia and, 1211 
monomorphic ventricular tachycardia and, 527f 
myocardial ischemia/acute coronary syndromes and, 473¢ 
osteoporosis/osteomalacia and, 1128, 1130 
psychosis and, 4167, 425 
seizures and, 225, 231t 
sleep disorders and, 349¢ 
upper gastrointestinal ulceration and, 810 
Calcineurin inhibitors, 620t, 624-625, 967-969, 972-975, 1292-1293 
Calcipotriene, 144 
Calcitonin, 8232, 1129¢, 1130 
Calcium 
acute kidney injury and, 951 
osteoporosis/osteomalacia and, 1122, 1128, 1129, 1130 
pancreatitis and, 8787, 888 
sinus bradycardia/atrioventricular block and, 580 
Calcium carbonate, 7017, 881, 1013—1014¢ 
Calcium-channel blockers 
acute kidney injury and, 953 
alopecia and, 168, 179t 
asthma/bronchospasm and, 463 
atrial fibrillation/atrial flutter and, 586 
constipation and, 835 
delirium and, 327t 
depression and, 378 
gingival hyperplasia and, 1263—1265, 1264t 
glucose/insulin dysregulation and, 680f, 684 
gout/hyperuricemia and, 1138 
heart failure and, 501, 502z, 504, 504t, 505, 509-511, 515 
hepatic/cholestatic diseases and, 847t 
hypertension and, 625 
hypotension and, 632—633t 
myocardial ischemia/acute coronary syndromes and, 4721, 478, 485, 488—489 
sexual dysfunction and, 759t, 772 
sinus bradycardia/atrioventricular block and, 574, 580 
systemic lupus erythematosus and, 124, 132 
teratogenicity of, 1316, 1317 
thyroid diseases and, 716 
torsades de pointes and, 544 
visual disturbances and, 297t, 313 
Calcium gluconate, 1066¢, 1070¢ 
Calcium iodide, 706t 
Calcium polycarbophil, 840¢ 
Calcium salts, 287, 287t 
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Calcium supplements, 835 
Camellia senesis, 850t 
Camphor, 850¢ 
Camptothecins, 11014, 1109¢ 
Canagliflozin, 144, 1002¢, 11212, 1123¢ 
Cancer, 1283-1305. See also Antineoplastic agents; Chemotherapy agents 
bladder cancer, 1303-1305 
breast cancer, 1298-1301 
in cost-of-illness model, 28 
delirmm and, 333 
endometrial cancer, 1301—1303 
leukemia, 1283-1292 
lymphoma, 1292-1295 
overview, 1283 
risk factors for, 32 
skin cancer, 1295—1298 
Cancer treatment-induced diarrhea (CTID), 821, 827-828, 827t 
Candesartan, 6321, 638¢ 
Candesartan cilexetil, 1234t 
Cangrelor, 1029, 1029¢ 
Cannabinoids, 33, 287, 415, 4732, 912, 929, 1216, 1216 
Cannabis. See Marijuana 
Canthaxanthin, 297t 
Capecitabine, 126, 280t, 4721, 570t, 577t, 848t, 881, 1109¢ 
Capreomycin, 1234¢ 
Capsaicin, 289, 473¢ 
Captopril 
acute kidney injury and, 942 
allergic and hypersensitivity reactions to, 76 
alopecia and, 167t 
aplastic anemia and, 1100¢ 
cutaneous diseases and, 103¢ 
delirium and, 327t 
hemolytic anemia and, 1105¢ 
hypotension and, 6321, 638¢ 
myocardial ischemia/acute coronary syndromes and, 472 
neutropenia/agranulocytosis and, 10892, 1093 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1234¢ 
pancreatitis and, 8787, 880, 886t, 887 
photosensitivity and, 144+ 
systemic lupus erythematosus and, 124¢ 
taste disorders and, 1259t, 1261t 
thrombocytopenia and, 1050¢ 
Carbamazepine 
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akathisia and, 255—256t, 258t 

allergic reactions to, 75t, 88, 95, 112 

alopecia and, 168¢, 175, 178 

aplastic anemia and, 1100t 
asthma/bronchospasm and, 452t 

AV node re-entrant tachycardia and, 592t 
cognitive disorders and, 360, 365, 367, 369 
cutaneous diseases and, 101, 102—103¢, 111-112, 1114, 113+ 
depression and, 378 

drug fever and, 1188¢ 

genetic variability and, 16+ 

genetic variations affecting, 36¢ 

gingival hyperplasia and, 1263¢ 

heart failure and, 502¢, 510t 

hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 851¢, 861¢ 
hirsutism and, 195¢, 199¢ 

human leukocyte antigen and, 38 

neuroleptic malignant syndrome and, 1195¢ 
neutropenia/agranulocytosis and, 1089¢ 

oral erythema multiforme and, 1266, 1266t 
oral lichenoid reactions and, 1270t 
osteoporosis/osteomalacia and, 1122, 1123t, 1127 
ototoxicity and, 1234+ 

pancreatitis and, 8787, 883 

peripheral neuropathy and, 286—287, 287t, 289 
pharmacogenomic tests for, 35 
photosensitivity and, 144¢ 

psychosis and, 416t 

seizures and, 218t, 224 

serum sickness-like reactions and, 1193¢ 
sexual dysfunction and, 758¢, 762—763t 
SIADH and, 981, 9834, 985, 988-990, 988¢ 
sinus bradycardia/atrioventricular block and, 570t, 573t, 578t¢ 
skin reactions related to, 32 

sleep disorders and, 348¢ 

systemic lupus erythematosus and, 124¢ 
tardive dyskinesia and, 254 

taste disorders and, 1259t 

teratogenicity of, 1315, 1319, 1328, 1330, 1331 
thrombocytopenia and, 1050 

thyroid diseases and, 6991, 701t, 715 

vaginal bleeding disorders and, 793 

visual disturbances and, 297—298t, 312, 315 
weight gain and, 1166¢, 1169-1170, 1169¢ 
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Carbapenems 
allergic reactions to, 90, 92 
diarrhea and, 822t 
hepatic/cholestatic diseases and, 846¢ 
seizures and, 218t, 220, 222, 2221, 224-226 
Carbenicillin, 1188¢ 
Carbidopa—levodopa, 273, 348t, 631, 6351, 640t, 702z, 1196, 1201 
Carbimazole, 1731, 175, 178, 703t, 8482, 885, 1089¢ 
Carbonic anhydrase inhibitors, 92, 1003z, 1088 
Carbon monoxide diffusing capacity (DL¢o), 435-436, 438-440 


Carbon tetrachloride, 849t, 866 
Carboplatin 
acute kidney injury and, 9437, 950 
allergic reactions to, 72t 
alopecia and, 169t, 177 
cognitive disorders and, 358¢ 
genetic variability and, 16 
hepatic/cholestatic diseases and, 848¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 907¢, 916t, 925 
ototoxicity and, 1234¢, 1243 
peripheral neuropathy and, 280+ 
SIADH and, 983¢ 
taste disorders and, 1259t 
thromboembolic diseases and, 1065¢, 1069 
Carboprost, 452 
Carboxymethylcellulose, 72¢ 
Carcinogenic effects, 60 
Cardiac Arrhythmia Suppression Trial (CAST), 528 
Cardiovascular agents 
anxiety and, 399 
atrial fibrillation/atrial flutter and, 581 
depression and, 375, 376t, 378 
drug fever and, 1187, 1189, 1192 
drug-induced hospitalizations from, 26, 26¢ 
hepatic/cholestatic diseases and, 847t 
interstitial lung disease/pulmonary fibrosis and, 433 
myocardial ischemia/acute coronary syndromes and, 472t 
neutropenia/agranulocytosis and, 1088 
parkinsonism and, 271¢ 
peripheral neuropathy and, 280-281 
systemic lupus erythematosus and, 124—125t 
taste disorders and, 1261 
Carfilzomib, 7t¢ 
Carglumic acid, 7t 
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Cariprazine, 400¢, 405, 1166¢ 
Carisoprodol, 4007, 402, 404, 405z, 407 
Carmustine 
chronic kidney disease and, 966t, 970t 
hepatic/cholestatic diseases and, 848 
hypotension and, 635t, 640t 
interstitial lung disease/pulmonary fibrosis and, 432t, 434, 436, 437, 439, 440 
leukemia and, 1288¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 907t, 916¢ 
visual disturbances and, 298¢ 
Carnitine, 515 
Carnitine palmitoyltransferase I, 1157 
Carotene, 1254t 
Carp capsules, 850t 
cART (combined antiretroviral therapy), 1172 
Carteolol, 572, 577t 
Carvedilol 
alopecia and, 168¢ 
heart failure and, 512, 515 
hypotension and, 632t, 638¢ 
myocardial ischemia/acute coronary syndromes and, 488 
ototoxicity and, 1234¢ 
photosensitivity and, 144¢ 
sinus bradycardia/atrioventricular block and, 578t¢ 
sleep disorders and, 348¢ 
Cascara sagrada, 850t 
Caspofungin, 846¢ 
CAST (Cardiac Arrhythmia Suppression Trial), 528 
Catatonia, 267, 1197, 1198, 1201, 1206 
Catecholamines 
acidosis and, 1002t 
adrenal glands in secretion of, 729 
alkalosis and, 1013¢ 
heart failure and, 511, 512 
hypotension and, 643, 647 
intracerebral hemorrhage and, 240 
stroke and, 232 
Cathinones, 415 
Causality, determination of, 22—23 
Causative agents 
of acidosis, 1001, 1002—1003t 
of acute interstitial nephritis, 9432, 956 
of acute tubular necrosis, 943t, 949-950 
of akathisia, 254, 255, 405 
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of alkalosis, 1012, 1013+ 

of alopecia, 166-177, 167—174t 

of amenorrhea and oligomenorrhea, 782t, 793 
of anxiety, 399-404, 400—401¢ 

of aplastic anemia, 1100, 1100¢ 

of asthma and bronchospasm, 72—73t, 451, 452—453t 
of atrial fibrillation/atrial flutter, 581, 582—583t 
of atrial tachycardia, 588, 588¢ 

of AV node re-entrant tachycardia, 592, 592t 
of bladder cancer, 1285t, 1303 

of bleeding disorders, 1025—1026, 1026t 

of Brugada syndrome, 546, 547t 

of cancer breast, 1285¢, 1298-1299 

of chemotherapy-induced anemia, 1109, 1109¢ 
of chronic kidney disease, 965—967, 966t 

of cognitive disorders, 357, 358¢ 

of color changes of oral mucosa and teeth, 1253, 1254-1255t 
of congenital heart defects, 1321—1322 

of constipation, 835, 836t 

of Cushing syndrome, 730, 731t 

of cutaneous diseases, 100—104, 102—104r 

of delirium, 325, 326-328 

of depression, 375-377, 376—-377t 

of diabetes insipidus, 991, 991t 

of diarrhea, 821—822, 822t 

of drug allergies, 71-76, 72—75t 

of drug fever, 1186-1187, 1188-1189¢ 

of dysmenorrhea, 7821, 796 

of dystonia, 265, 266t 

of endometrial cancer, 1285¢, 1301 

of female sexual dysfunction, 783¢, 797-798 

of fetal alcohol spectrum disorders, 1332 

of gastroschisis, 1326 

of gingival hyperplasia, 1253, 1262-1263, 1263t 
of glomerulonephritis, 9431, 958 

of glucose and insulin dysregulation, 679-681, 680—683¢ 
of gout and hyperuricemia, 1135, 1136 

of growth hormone deficiency, 747, 748 

of heart failure, 501-505, 502—504t 

of hemodynamic-mediated AKI, 942, 943—944t 
of hemolytic anemia, 86, 1104, 1105—1106r, 1109 
of hepatic and cholestatic diseases, 845, 846—-853t 
of hirsutism, 194, 195¢ 

of hyperprolactinemia, 742, 743—744t 

of hypersensitivity reactions, 76, 77t, 1186 
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of hypertension, 617, 618¢ 

of hypertrichosis, 193-197, 196—197t 

of hypotension, 631, 632—636t 

of hypothermia, 1186, 1215, 1216¢ 

of infertility, 762, 7832, 800 

of interstitial lung disease/pulmonary fibrosis, 431, 432—433¢ 
of intracerebral hemorrhage, 232, 237-239, 238t 

of learning disabilities, 1315 

of leukemia, 1284-1286, 1284¢ 

of limb deficiency defects, 1324 

of low birth weight, 1316 

of lymphoma, 12844, 1292-1293 

of macrocytic anemia, 1107, 1108¢ 

of male sexual dysfunction, 757-761, 758-762t 

of malignant hyperthermia, 1186, 1209-1210, 1209 
of menorrhagia and menometrorrhagia, 782t, 795 

of microcephaly, 1330 

of monomorphic ventricular tachycardia, 523, 524t 
of myocardial ischemia/acute coronary syndromes, 471—474, 472—473t 
of myopathy, 1150-1151, 1150¢ 

of nausea and vomiting, 905-910, 906—909¢ 

of nephrolithiasis, 9447, 957 

of neural tube defects, 1328 

of neuroleptic malignant syndrome, 1195, 1195¢ 

of neutropenia and agranulocytosis, 1087—1088, 1089—1090z 
of oral erythema multiforme, 1266, 1266-12687 

of oral lichenoid reactions, 1270, 1270—1272t 

of orofacial clefts, 1319, 1335 

of osteonecrosis of jaw, 1273, 1274¢ 

of osteoporosis and osteomalacia, 1120, 1121¢ 

of ototoxicity, 1233-1239, 1234-1238¢ 

of ovarian hyperstimulation, 781, 782t¢ 

of pancreatitis, 877-879, 878—-879t 

of parkinsonism, 270, 271t 

of peripheral neuropathy, 279, 280-2811, 1155 

of photosensitivity, 143, 144-148¢ 

of psychosis, 415, 416—417t 

of secondary adrenal insufficiency, 735, 736t 

of seizures, 217, 218—219t 

of serotonin syndrome, 1202, 1203t 

of serum sickness-like reactions, 74t, 95, 1192, 1193+ 
of SIADH, 981, 982—984t 

of sinus bradycardia/atrioventricular block, 569-572, 570—571t, 573t 
of skin cancer, 1284t, 1295-1296 

of sleep disorders, 347, 348—349t 
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of stroke, 229-231, 230t 
of systemic lupus erythematosus, 123, 124—127t, 662 
of tardive dyskinesia, 259, 260t 
of taste disorders, 1258, 1259—1260t 
of thrombocytopenia, 1049-1050, 1050-1051 
of thromboembolic diseases, 1063, 1064—-1066r 
of thyroid diseases, 697-701, 698-7002, 704 
of torsades de pointes, 530-531, 532—534t 
of upper gastromtestinal ulceration, 809-810, 810¢ 
of valvular and pericardial heart disease, 659-662, 660—661t 
of visual disturbances, 295-313, 296—312t 
of vulvovaginal candidiasis, 7821, 790-791 
of weight gain, 1165, 1166—-1167¢ 
CCLE (chronic cutaneous lupus erythematosus), 132 
CCNU. See Lomustine 
CDC. See Centers for Disease Control and Prevention 
CDI. See Clostridium difficile infection 
Cediranib, 699t 
Cefaclor, 74t, 84, 92, 1192, 1193, 1194 
Cefazolin, 1447, 3282, 11014, 11052, 11882, 1193¢ 
Cefepime, 125¢ 
Cefoperazone, 1188¢ 
Cefotaxime, 92, 1101t, 1105¢, 1188¢ 
Cefotetan, 11014, 1105¢ 
Cefoxitin, 11014, 1105¢ 
Cefprozil, 1193¢ 
Ceftazidime, 92, 1447, 1105¢, 1188 
Ceftizoxime, 11014, 1105¢, 1188: 
Ceftriaxone 
alopecia and, 72t 
drug fever and, 1188¢ 
hemolytic anemia and, 11017, 1105¢ 
hepatic/cholestatic diseases and, 846t 
serum sickness-like reactions and, 1193¢ 
taste disorders and, 1259t 
Cefuroxime 
drug fever and, 1188¢ 
hemolytic anemia and, 11017, 1105¢ 
oral erythema multiforme and, 1266¢ 
serum sickness-like reactions and, 1193¢ 
systemic lupus erythematosus and, 125¢ 
Celandine, 850t 
Celecoxib 
allergic reactions to, 74¢ 
asthma/bronchospasm and, 453, 461 


2551 


cardiovascular disease associated with, 53 
cutaneous diseases and, 102—103¢ 
delirium and, 327t 
heart failure and, 503t, 509, 510¢ 
hepatic/cholestatic diseases and, 846t 
hypertension and, 618¢ 
myocardial ischemia/acute coronary syndromes and, 472t, 475 
photosensitivity and, 144¢ 
psychosis and, 416 
sexual dysfunction and, 759¢ 
stroke and, 230 
in sulfa drug class, 92 
upper gastromtestinal ulceration and, 812, 817 
vaginal bleeding disorders and, 790t 
visual disturbances and, 298¢ 
Celery, 298¢ 
Centers for Disease Control and Prevention (CDC) 
collaboration needs and, 14 
on fetal alcohol syndrome, 1332 
folic acid recommendations from, 1329 
on isotretinoin-exposed pregnancies, 1320 
on opioid overdose deaths, 6 
on oral contraceptive risk—benefit ratio, 485 
postmarketing surveillance by, 53—54, 56 
Centers for Education and Research on Therapeutics (CERTs), 55 
Centrally acting sympatholytics, 764¢ 
Central nervous system (CNS) agents 
alopecia and, 167t 
anxiety and, 399, 401—402 
cognitive disorders and, 369 
depression and, 376t, 378-381 
drug fever and, 1189, 1192 
systemic lupus erythematosus and, 125¢ 
Cephalexin, 3282, 1188¢, 1193¢ 
Cephalosporins 
allergic reactions to, 72t, 74-75t, 87, 90, 92 
cutaneous diseases and, 101, 103¢ 
delirium and, 328¢ 
diarrhea and, 822t 
drug fever and, 1187 
graded challenge procedure for, 88 
hemolytic anemia and, 1104, 1105¢ 
hepatic/cholestatic diseases and, 870 
neutropenia/agranulocytosis and, 1088, 1089¢ 
oral erythema multiforme and, 1266¢ 
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seizures and, 218¢, 220 
structural similarities and differences in, 93f 
thrombocytopenia and, 1052 
Cephalothin, 92, 3282, 11014, 1105¢ 
Ceritinib, 7t, 907t 
Cerivastatin, 13 
Certolizumab, 1262, 1732, 1270t, 1297 
CERTs (Centers for Education and Research on Therapeutics), 55 
Cervical dystonia, 267, 267f 
Cetirizine 
allergic reactions to, 72t 
alopecia and, 174¢, 179t 
hepatic/cholestatic diseases and, 852t 
myocardial ischemia/acute coronary syndromes and, 473 
photosensitivity and, 144 
visual disturbances and, 298¢ 
Cetuximab, 721, 96, 1022, 1692, 196t, 432 
Chamomile, 298¢, 353 
Chaparral leaf, 850t 
Chaso, 850¢ 
Chaulmoogra, 298 
CHD (coronary heart disease), 514, 622, 623 
Chelating agents, 196¢ 
Chemicals, environmental, 845, 849-850t 
Chemoprotectant agents, 635t 
Chemoreceptor trigger zone (CTZ), 912-914, 913f 
Chemotherapy agents. See also Chemotherapy-induced anemia (CIA); Chemotherapy-induced nausea and 
vomiting (CINV) 
acute kidney injury and, 955 
alopecia and, 169-1711, 176-178, 179¢, 182, 183, 185—187 
anxiety and, 399, 403 
aplastic anemia and, 1100, 1101, 1101¢ 
bladder cancer and, 1305 
breast cancer and, 1300 
depression and, 375, 377t, 382, 384, 388 
drug-induced hospitalizations from, 26 
endometrial cancer and, 1303 
hepatic/cholestatic diseases and, 847—848r 
hypertrichosis and, 196t 
hypotension and, 635—636t 
infertility and, 800-802 
interstitial lung disease/pulmonary fibrosis and, 431, 433, 437 
leukemia and, 1283-1287, 1291, 1292 
lymphoma and, 1295 
macrocytic anemia and, 1108 
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neutropenia/agranulocytosis and, 1087, 1091-1094, 10914, 1095t, 1096 
ototoxicity and, 1233, 1239-1240, 12391, 1243 
pancreatitis and, 881—882 
peripheral neuropathy and, 279, 283, 285—289 
SIADH and, 981, 983¢ 
skin cancer and, 1296, 1298 
systemic lupus erythematosus and, 132 
taste disorders and, 1261, 1262 
thrombocytopenia and, 1050, 1056, 1057t, 1059 
thromboembolic diseases and, 1074 
vaginal bleeding disorders and, 793—795 
valvular/pericardial heart disease and, 662, 664, 668, 6687, 670 
weight gain and, 1167—11694, 1172, 1173¢ 
Chemotherapy-induced anemia (CIA), 1109-1111 
causative agents of, 1109, 1109¢ 
clinical presentation of, 1102z, 1110 
differential diagnosis of, 1110 
epidemiology of, 1109 
management of, 1111 
mechanisms of, 11012, 1110 
morbidity and mortality for, 1110 
patient education on, 1111 
prevention of, 1110-1111 
risk factors for, 11034, 1110 
Chemotherapy-induced nausea and vomiting (CINV) 
causative agents of, 907-9091, 910 
clinical presentation of, 916, 916¢ 
epidemiology of, 910 
management of, 928-929, 929t 
mechanisms of, 911¢, 914 
morbidity and mortality for, 919-920 
patient education on, 930-931 
prevention of, 9211, 924-927, 925t 
risk factors for, 33, 918-919, 918r 
Chemotherapy-induced peripheral neuropathy (CIPN), 283, 285—289 
Chest pain. See Angina pectoris 
Children. See Pediatric patients 
Chinese herbs. See Aristolochic acid 
Chloral hydrate, 5332, 539t 
Chlorambucil 
anxiety and, 403 
drug fever and, 11887, 1191 
hepatic/cholestatic diseases and, 848¢ 
interstitial lung disease/pulmonary fibrosis and, 432 
leukemia and, 1284, 12887 
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peripheral neuropathy and, 280¢ 
seizures and, 218¢ 
SIADH and, 983¢ 
vaginal bleeding disorders and, 782t, 785t 
Chloramphenicol 
aplastic anemia and, 1100¢ 
delirium and, 328¢ 
drug fever and, 1187 
hepatic/cholestatic diseases and, 8467, 861t 
neutropenia/agranulocytosis and, 1089¢ 
oral erythema multiforme and, 1266t¢ 
ototoxicity and, 1234¢ 
peripheral neuropathy and, 280¢ 
thrombocytopenia and, 1052 
visual disturbances and, 298¢ 
Chlordiazepoxide, 1441, 4242, 1089¢t 
Chlordiazepoxide—clidintum bromide, 1050t 
Chlorella, 1442, 298 
Chlorhexidine, 721, 1234t, 1254t, 1259t 
Chloride channel agonists, 840 
Chlormethiazole, 851 
Chlormezanone, 101 
Chloroform, 849 
Chloroquine 
color changes of oral mucosa and teeth and, 1253, 1254¢ 
cutaneous diseases and, 103¢ 
hepatic/cholestatic diseases and, 846t 
myopathy and, 1150+, 11522, 1153 
neutropenia/agranulocytosis and, 1089¢ 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1234+ 
peripheral neuropathy and, 280¢ 
photosensitivity and, 144¢ 
psychosis and, 416t, 418¢ 
sinus bradycardia/atrioventricular block and, 573t 
torsades de pointes and, 532t 
visual disturbances and, 295, 298t, 312, 313, 318-319 
Chlorothiazide 
allergic reactions to, 94 
hypotension and, 633t, 638¢ 
pancreatitis and, 8787, 883 
photosensitivity and, 144 
thrombocytopenia and, 1050 
Chlorpheniramine, 220, 298¢, 8521, 1089¢ 
Chlorpromazine 


2555 


color changes of oral mucosa and teeth and, 1254¢ 

delirmm and, 337 

drug fever and, 1188¢ 

glucose/insulin dysregulation and, 680t 

hepatic/cholestatic diseases and, 8517, 8611, 869 

hypotension and, 635t, 639t 

hypothermia and, 1216, 1216¢ 

malignant hyperthermia and, 1213, 1213¢ 

monomorphic ventricular tachycardia and, 524—525t 

neuroleptic malignant syndrome and, 1195z, 1198 

photosensitivity and, 1447, 150 

seizures and, 221 

serotonin syndrome and, 1208, 1208 

SIADH and, 9821, 985 

systemic lupus erythematosus and, 124¢, 127, 128t, 130 

tardive dyskinesia and, 260 

thrombocytopenia and, 1050 

thromboembolic diseases and, 1066¢, 1070t 

torsades de pointes and, 532t, 540t 

visual disturbances and, 298—299t 

weight gain and, 1167¢, 1169¢, 1171 
Chlorpropamide 

neutropenia/agranulocytosis and, 1089¢, 1091 

oral erythema multiforme and, 1266t¢ 

oral lichenoid reactions and, 1270t 

photosensitivity and, 144+ 

SIADH and, 983¢ 

thrombocytopenia and, 1050 

thyroid diseases and, 703¢ 
Chlorprothixene, 125¢ 
Chlorthalidone 

glucose/insulin dysregulation and, 688 

gout/hyperuricemia and, 1138 

hypotension and, 633t, 638¢ 

ototoxicity and, 1234¢ 

pancreatitis and, 878, 883 

photosensitivity and, 144¢, 150 

sexual dysfunction and, 762 

systemic lupus erythematosus and, 124¢ 
Cholecalciferol (vitamin D3), 890, 1122, 1126, 1262 
Cholera vaccine, 1270t 
Cholestatic injury, 855t, 857-858, 8591, 861t, 862. See also Hepatic and cholestatic diseases 
Cholestero-lowering agents, 1711, 179¢ 
Cholestyramine 

acidosis and, 1002t 
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alopecia and, 171¢ 
diarrhea and, 823t, 827t, 829 
hepatic/cholestatic diseases and, 869 
thyroid diseases and, 701¢ 
Chondroitin/chondroitin sulfate, 12, 822, 835 
Chromium, 701t, 849¢ 
Chronic allograft nephropathy, 969, 973-975 
Chronic cutaneous lupus erythematosus (CCLE), 132 
Chronic kidney disease (CKD), 965—976 
causative agents of, 965-967, 966t 
clinical presentation of, 970-972, 971t 
comorbidity and, 33-34 
differential diagnosis of, 971, 971t 
epidemiology of, 967-969 
management of, 975-976, 976t 
mechanisms of, 969-970, 970t 
morbidity and mortality for, 973-974 
patient education on, 976 
prevention of, 974-975, 974t 
risk factors for, 972-973, 972t 
Chronic thromboembolic pulmonary hypertension (CTEPH), 1074 
Chrysanthemum, 144¢ 
Churg-Strauss syndrome, 85 
Chymopapain, 72t 
CIA. See Chemotherapy-induced anemia 
Ciclopirox, 1234t 
Cidofovir, 966t, 970t, 991t, 1003r, 1234 
Cigarettes. See Smoking 
Cilostazol, 1026, 1029, 1029¢ 
Cimetidine 
allergic reactions to, 75t¢ 
alopecia and, 171¢ 
delirium and, 328¢ 
drug fever and, 1188¢ 
hemolytic anemia and, 1105¢ 
hyperprolactinemia and, 743¢ 
myocardial ischemia/acute coronary syndromes and, 473 
neutropenia/agranulocytosis and, 1089z, 1091, 1091¢ 
oral lichenoid reactions and, 1270t 
pancreatitis and, 8787, 880 
sexual dysfunction and, 758, 762—763t, 765t, 783t, 786t 
sinus bradycardia/atrioventricular block and, 570t, 573t, 577t 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1050t 
thyroid diseases and, 701t 
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visual disturbances and, 299t 
Cinchona alkaloids, 1049 
Cinnarizine, 271t, 273t, 1270t 
Cinoxacin, 472t 
CINV. See Chemotherapy-induced nausea and vomiting 
CIOMS (Council for International Organizations of Medical Sciences), 51, 52 
CIPN (chemotherapy-induced peripheral neuropathy), 283, 285—289 
Ciprofloxacin 
acute kidney injury and, 943+ 
allergic and hypersensitivity reactions to, 74t, 76, 77t, 81, 84, 87 
cutaneous diseases and, 103¢ 
delirium and, 328¢ 
hemolytic anemia and, 1105¢ 
oral erythema multiforme and, 1266t¢ 
osteonecrosis of jaw and, 1276 
ototoxicity and, 1234+ 
pancreatitis and, 882 
peripheral neuropathy and, 280¢ 
photosensitivity and, 144 
psychosis and, 416t 
serum sickness-like reactions and, 1193¢ 
SIADH and, 984¢ 
systemic lupus erythematosus and, 125t¢ 
torsades de pointes and, 532, 539t 
upper gastrointestinal ulceration and, 810-811 
visual disturbances and, 299t 
Cisapride 
asthma/bronchospasm and, 452t 
diarrhea and, 823¢ 
myocardial ischemia/acute coronary syndromes and, 473¢, 474 
regulatory actions involving, 13 
restrictive drug distribution system for, 7t 
torsades de pointes and, 5322, 539—540t, 541 
Cisplatin 
acidosis and, 1003+ 
acute kidney injury and, 943¢, 945t, 950-952, 954-955 
alkalosis and, 1013—1014¢ 
allergic reactions to, 72t 
alopecia and, 169¢, 176 
chronic kidney disease and, 966t, 970t 
drug fever and, 1188¢ 
genetic variability and, 16+ 
hepatic/cholestatic diseases and, 848¢ 
hyperprolactinemia and, 744¢ 
interstitial lung disease/pulmonary fibrosis and, 439 
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leukemia and, 1284, 1284¢, 1286, 1287 
myocardial ischemia/acute coronary syndromes and, 472 
nausea/vomiting and, 907t, 910, 914, 916, 9167, 920, 925, 926 
ototoxicity and, 1234¢, 1240, 1242, 1243 
pancreatitis and, 8787, 881 
peripheral neuropathy and, 279, 280t, 282, 285 
seizures and, 222t 
sexual dysfunction and, 762t 
SIADH and, 981, 983¢ 
sinus bradycardia/atrioventricular block and, 570t, 577t 
stroke and, 230-2314, 233 
taste disorders and, 1259t 
thromboembolic diseases and, 1065t, 1069 
transport mechanisms for, 37 
Citalopram 
alopecia and, 172¢ 
depression and, 391 
hyperprolactinemia and, 743¢ 
hypertrichosis and, 197¢ 
monomorphic ventricular tachycardia and, 524¢ 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 772 
SIADH and, 9822, 990 
sinus bradycardia/atrioventricular block and, 570¢, 573t, 576, 577t 
sleep disorders and, 348¢ 
torsades de pointes and, 5321, 539—540t 
weight gain and, 11664, 11697, 1171 
Citrate, 1013-1014¢ 
CKD. See Chronic kidney disease 
Cladribine, 1106 
Clarithromycin 
delirium and, 328¢ 
drug interactions with, 39¢ 
genetic variability and, 16+ 
myocardial ischemia/acute coronary syndromes and, 472t 
ototoxicity and, 1234¢ 
SIADH and, 988 
taste disorders and, 1258, 1259 
torsades de pointes and, 5322, 539—540t, 542 
Clavulanic acid, 73t. See also Amoxicillin—clavulanic acid 
Cleft lip/cleft palate, 1318-1319f, 1318-1321 
Clindamycin 
allergic reactions to, 75t¢ 
diarrhea and, 821, 822r 
drug fever and, 1187 
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hepatic/cholestatic diseases and, 846t 

neutropenia/agranulocytosis and, 1089¢ 

oral erythema multiforme and, 1266, 1266t 

ototoxicity and, 1234¢ 

upper gastrointestinal ulceration and, 809, 810—811t 
Clinical Pharmacogenetics Implementation Consortium (CPIC) guidelines, 35 
Clinical presentation of disease 

acidosis, 1005—1007, 1006t 

acute interstitial nephritis, 9467, 956 

acute tubular necrosis, 946¢, 951 

akathisia, 256-258, 257t 

alkalosis, 1014-1015, 1015t 

alopecia, 165, 176f, 180-183, 181—182z 

amenorrhea and oligomenorrhea, 7871, 793 

anxiety, 406-408, 4067, 4087 

aplastic anemia, 1101—1102, 1102r 

asthma and bronchospasm, 457—459, 457t 

atrial fibrillation/atrial flutter, 584—585, 584¢ 

atrial tachycardia, 589, 589t 

AV node re-entrant tachycardia, 593, 593t 

bladder cancer, 1290f, 1304 

bleeding disorders, 1030-1031, 1030z 

breast cancer, 1290t, 1299 

Brugada syndrome, 547-548, 547¢ 

chemotherapy-induced anemia, 1102z, 1110 

chronic kidney disease, 970—972, 971t 

cognitive disorders, 361—363, 3611, 363¢ 

color changes of oral mucosa and teeth, 1255-1257, 1256t 

congenital heart defects, 1323-1324 

constipation, 837-838, 838t 

Cushing syndrome, 386, 732-733, 732t, 749 

cutaneous diseases, 106-110, 107—108r 

delirium, 330-331, 330-3314, 420 

depression, 386-387, 387t 

diabetes insipidus, 992, 992t 

diarrhea, 823—825, 824t 

drug allergies, 82-85, 83—84t 

drug fever, 1187t, 1189-1190, 1189¢ 

dysmenorrhea, 787, 797 

dystonia, 2571, 266-268, 267f 

endometrial cancer, 1290¢, 1301-1302 

female sexual dysfunction, 787t, 798-799 

fetal alcohol spectrum disorders, 1332, 1332t 

gastroschisis, 1326-1327, 1326f 

gingival hyperplasia, 1256t, 1264 


2560 


glomerulonephritis, 9467, 958—959 

glucose and insulin dysregulation, 683, 686, 686¢ 
gout and hyperuricemia, 1140-1141, 1140z 

growth hormone deficiency, 748-749, 749t 

heart failure, 512-513, 513+ 
hemodynamic-mediated AKI, 945—946, 946 
hemolytic anemia, 83—84, 1102z, 1106 

hepatic and cholestatic, 858-862, 859—861t 
hirsutism, 193-194, 199-201, 200—201t 
hyperprolactinemia, 742, 744-745, 745t 
hypertension, 621—622, 621t 

hyperthermia, 1186, 1187¢ 

hypertrichosis, 194, 198f; 200t, 201-202 
hypotension, 637, 641, 641¢ 

hypothermia, 1216-1217, 1217¢ 

infertility, 768, 769, 770, 787t, 801 

interstitial lung disease/pulmonary fibrosis, 434-436, 435—436t 
intracerebral hemorrhage, 233, 240-241, 241 
learning disabilities, 1315-1316 

leukemia, 1289, 1290t 

limb deficiency defects, 1325 

low birth weight, 1317-1318 

lymphoma, 12902, 1293-1294 

macrocytic anemia, 1102, 1108 

male sexual dysfunction, 767—771, 768¢ 

malignant hyperthermia, 1187¢, 1210-1211, 1210+ 
menorrhagia and menometrorrhagia, 787t, 795 
microcephaly, 1330f, 1331 

monomorphic ventricular tachycardia, 526—527t, 526-528, 527f 
myocardial ischemia/acute coronary syndromes, 480-482, 4811, 483¢ 
myopathy, 1153-1155, 1154¢ 

nausea and vomiting, 912t, 915-916, 916¢ 
nephrolithiasis, 946t, 957 

neural tube defects, 1327—1328f, 1329 

neuroleptic malignant syndrome, 1187t, 1196-1198, 1196¢, 1206 
neutropenia and agranulocytosis, 1092—1093, 1092t 
oral erythema multiforme, 1253, 1256t, 1268-1269 
oral lichenoid reactions, 1256t, 1272-1273 
orofacial clefts, 1318-1319f, 1321 

osteonecrosis of jaw, 1256t, 1275 

osteoporosis and osteomalacia, 1124-1125, 1124¢ 
ototoxicity, 1240-1241, 1240t 

ovarian hyperstimulation, 784, 787t 

pancreatitis, 888-890, 889t 

parkinsonism, 257t, 262, 272 


2561 


peripheral neuropathy, 282-285, 2837 
photosensitivity, 151—152t, 151-153, 152f 
psychosis, 419—420t, 419-421 
secondary adrenal insufficiency, 737—738, 738t¢ 
seizures, 222-223, 223t 
serotonin syndrome, 1187t, 1197-1198, 1205-1206, 1205¢ 
serum sickness-like reactions, 83¢, 1187¢, 1193-1194, 1193+ 
SIADH, 986-988, 986 
sinus bradycardia/atrioventricular block, 574-576, 575t 
skin cancer, 1290t, 1296-1297 
sleep disorders, 349-350, 350t 
stroke, 233-234, 233—234t 
systemic lupus erythematosus, 129-133, 129t, 131—132t 
tardive dyskinesia, 257t, 262 
taste disorders, 1256t, 1261 
thrombocytopenia, 83-84, 1054-1056, 1054t 
thromboembolic diseases, 1071-1073, 1071t 
thyroid diseases, 711-713, 711¢ 
torsades de pointes, 536-537, 536—-537t 
upper gastrointestinal ulceration, 812-814, 813¢ 
valvular and pericardial heart disease, 664-668, 6651, 666—-667f 
visual disturbances, 315—317, 316t 
vulvovaginal candidiasis, 787t, 791 
weight gain, 1168-1173, 1169¢ 
Clinicians, 10-11, 50-51 
Clioquinol, 144, 706¢ 
Clobazam, 125t, 1216t 
Clobetasol/clobetasol propionate, 731t, 733, 736t, 739, 1273 
Clofarabine, 908¢ 
Clofazimine, 71, 144, 1253, 1254-1255¢t 
Clofibrate 
alopecia and, 171¢ 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 861¢ 
myopathy and, 1150¢, 1152¢ 
oral lichenoid reactions and, 1270t 
peripheral neuropathy and, 280¢ 
sexual dysfunction and, 763t 
thyroid diseases and, 701 
Clomiphene, 2991, 4002, 403, 7011, 882 
Clomiphene citrate, 782t, 784, 785t 
Clomipramine 
alopecia and, 172 
delirtum and, 326¢, 329t 
depression and, 392 
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heart failure and, 504t, 510¢ 
hyperprolactinemia and, 743¢ 
hypotension and, 634¢, 639t 
neutropenia/agranulocytosis and, 1089¢ 
photosensitivity and, 145¢ 
serotonin syndrome and, 1203—1204t, 1207 
SIADH and, 982t 
thromboembolic diseases and, 1066¢, 1070t 
thyroid diseases and, 701t 
weight gain and, 1166, 1169¢ 

Clonazepam 
alopecia and, 173¢t 
anxiety and, 407, 410 
cognitive disorders and, 360 
delirtum and, 327t, 329t 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1234¢ 
tardive dyskinesia and, 264 
taste disorders and, 1262 
teratogenicity of, 1331 

Clonidine 
akathisia and, 259 
alopecia and, 174t 
constipation and, 836 
delirium and, 327t 
depression and, 376t, 378, 385, 385t¢ 
dystonia and, 270 
hypotension and, 633¢, 639t, 646t, 647 
myocardial ischemia/acute coronary syndromes and, 472t 
SIADH and, 984¢ 
sinus bradycardia/atrioventricular block and, 570t, 573—574t, 576, 577—-S78t 
sleep disorders and, 348¢ 
systemic lupus erythematosus and, 124¢ 
visual disturbances and, 299t 

Clopidogrel 
allergic reactions to, 72t 
aplastic anemia and, 1100¢ 
bleeding disorders and, 1029, 10292, 1031, 1031¢ 
comorbidity and, 34 
genetic variations affecting, 36¢ 
hepatic/cholestatic diseases and, 852t 
intracerebral hemorrhage and, 238r, 244 
myocardial ischemia/acute coronary syndromes and, 4721, 480, 486, 489 
photosensitivity and, 145¢ 
serum sickness-like reactions and, 1193+ 
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stroke and, 236 
thrombocytopenia and, 1054 
upper gastromtestinal ulceration and, 810—811f, 812, 815 
Clorazepate, 327t, 329t 
Clostridium difficile infection (CDD, 817, 821-823, 825-830, 827t 
Clotrimazole, 790t, 792 
Clotting derangements, 232—233 
Cloxacillin, 809, 1188¢ 
Cloxacillin/nafcillin, 846t 
Clozapine 
acidosis and, 1002t 
akathisia and, 255 
AV node re-entrant tachycardia and, 592t 
cannabinoids and, 33 
constipation and, 836 
delirtum and, 326¢, 329t 
development of, 253-254 
diabetes insipidus and, 991, 991 
drug fever and, 1186 
extrapyramidal symptoms and, 254 
glucose/msulin dysregulation and, 683 
heart failure and, 502t, 509 
hepatic/cholestatic diseases and, 851¢ 
hypotension and, 635t, 639t 
hypothermia and, 1215, 1216, 1216¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
neuroleptic malignant syndrome and, 1195¢ 
neutropenia/agranulocytosis and, 1088, 1089¢, 1091, 10912, 1093-1095, 1095z 
pancreatitis and, 8787, 883, 887 
parkinsonism and, 270-272 
photosensitivity and, 145¢ 
psychosis and, 424 
restrictive drug distribution system for, 7t 
seizures and, 2184, 221, 2221, 225 
sexual dysfunction and, 765t¢ 
SIADH and, 9822, 990 
sinus bradycardia/atrioventricular block and, 570t, 578¢ 
smoking and, 32 
systemic lupus erythematosus and, 125¢ 
tardive dyskinesia and, 265 
thromboembolic diseases and, 1066¢, 1070t 
torsades de pointes and, 533z, 540t 
valvular/pericardial heart disease and, 6601, 662 
weight gain and, 1166f, 1169¢, 1171, 1175 
CNS agents. See Central nervous system agents 
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Coagulation factor VIIA, 472 
Coal tar, 145¢ 


Coasting phenomenon, 283, 286 
Cobalamin (vitamin B17), 284, 1107, 1108, 1256 


Cobimetinib, 145t, 1296 
Cocaine 
anxiety and, 4007, 401 
asthma/bronchospasm and, 452t 
Brugada syndrome and, 547t 
duration of detection in urine, 420t 
hepatic/cholestatic diseases and, 8517, 864 
hyperprolactinemia and, 744¢ 
hypertension and, 6182, 620t 
interstitial lung disease/pulmonary fibrosis and, 433 
intracerebral hemorrhage and, 238¢, 239, 240, 240t 
monomorphic ventricular tachycardia and, 524¢ 
neuroleptic malignant syndrome and, 1197 
psychosis and, 416t 
as risk factor for drug-induced diseases, 33 
sexual dysfunction and, 758—759t, 761t 
sinus bradycardia/atrioventricular block and, 570t, 572, 573t, 578t 
sleep disorders and, 349t 
stroke and, 230-2314, 231, 232 
teratogenicity of, 1316, 1318, 1321, 1324, 1327, 1331, 1334¢ 
thromboembolic diseases and, 1066¢, 1070t 
torsades de pointes and, 532, 540t 
Cocaine-induced myocardial ischemia/acute coronary syndrome, 474—475, 478-489, 4831, 487t¢ 
Codeine 
constipation and, 836 
genetic variations affecting, 36¢ 
hypotension and, 636t, 638t 
nausea/vomiting and, 906¢ 
oral erythema multiforme and, 1266¢ 
ototoxicity and, 1233, 1235¢ 
pancreatitis and, 8782, 886t 
Coenzyme Q10, 515, 1158 
Cognitive disorders, 357-369. See also Delirum; Dementia 
causative agents of, 357, 358¢ 
clinical presentation of, 361-363, 361, 363t 
differential diagnosis of, 363, 363¢ 
epidemiology of, 357-359 
management of, 368-369, 368 
mechanisms of, 359-361, 359t 
morbidity and mortality for, 366 
patient education on, 369 
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prevention of, 366-368, 366t 
risk factors for, 364-366, 364t 
Coherence, in epidemiology, 22 
Colchicine 
alopecia and, 171¢ 
diabetes insipidus and, 991t 
diarrhea and, 823¢ 
gout/hyperuricemia and, 1141, 1144, 1145 
hepatic/cholestatic diseases and, 8521, 868 
interstitial lung disease/pulmonary fibrosis and, 440 
myopathy and, 1150¢, 1152¢, 1153, 1156 
neutropenia/agranulocytosis and, 1089¢ 
oral lichenoid reactions and, 1270t 
peripheral neuropathy and, 28 1¢ 
thyroid diseases and, 701¢ 
valvular/pericardial heart disease and, 670 
Colesevelam, 836t 
Colestipol, 701, 836t, 869 
Colistin, 4521, 9431, 950 
Collagenase clostridium histolyticum, 7t¢ 


Colony-stimulating factor (CSF), 74¢, 1714, 179t, 1287, 1291. See also Granulocyte colony-stimulating factor (G- 
CSF) 


Color changes of oral mucosa and teeth, 1253—1258 
causative agents of, 1253, 1254-1255t 
clinical presentation of, 1255—1257, 1256t 
differential diagnosis of, 1256-1257, 1257t 
epidemiology of, 1255 
management of, 1258 
mechanisms of, 1255, 1255t 
morbidity and mortality for, 1257 
patient education on, 1258 
prevention of, 1257—1258 
risk factors for, 1257, 1258t 
Colpachi, 850¢ 
Combined antiretroviral therapy (CART), 1172 
Comfrey, 850¢ 
Community-acquired acute kidney injury (CA-AKI), 941—942, 944 
Comorbid diseases, 33-34 
Complete heart block, 569 
Compound epitope formation, 1052 
Congenital anomalies, defined, 1314. See also Teratogenicity 
Congenital heart defects, 1321-1324 
Conivaptan, 989-990, 989¢ 
Conjugated estrogens, 702t, 790t, 1302 
Consistency, in epidemiology, 22 
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Consolidated Standards of Reporting Trials (CONSORT), 15 
Constipation, 835-841. See also Opioid-induced constipation (OIC) 
causative agents of, 835, 836t 
clinical presentation of, 837-838, 838¢ 
differential diagnosis of, 837, 838¢ 
epidemiology of, 835-837 
management of, 839-841, 840 
mechanisms of, 837, 837t 
morbidity and mortality for, 839 
patient education on, 839, 840 
prevention of, 839, 839t 
risk factors for, 838-839, 838 
Contraceptives 
intrauterine devices, 171t, 179t, 782t, 785t, 795, 796 
oral. See Oral contraceptives 
patches, 229 
smoking and, 33 
Contrast media, 2192, 965, 1066t, 1067, 1070t, 1075t. See also Radiocontrast media 
Contrayerva, 299¢ 
Conventional antipsychotics, 742, 743t, 745-746, 1167¢, 1169¢, 1171 
Conventional neuroleptics 
akathisia and, 254, 255, 255—256t, 258, 258¢ 
development of, 253 
dystonia and, 265—266, 2661, 268, 269, 269t 
parkinsonism and, 270-273, 271t, 273t 
tardive dyskinesia and, 260-263, 2601, 264t, 265 
Copper, 177, 1254¢ 
Coronary artery disease, 471, 473-475, 478-486, 489, 501 
Coronary artery vasodilators, 479 
Coronary heart disease (CHD), 514, 622, 623 
Coronary steal, 479 
Corticosteroid myopathy, 1150, 1151, 1152¢, 1153, 1155-1159 
Corticosteroids 
acute kidney injury and, 957, 959 
allergic and hypersensitivity reactions to, 75t, 77t 
alopecia and, 171t, 1792, 188¢, 191 
anxiety and, 404 
asthma/bronchospasm and, 460, 461 
atrial fibrillation/atrial flutter and, 581, 586 
chronic kidney disease and, 967, 976 
cognitive disorders and, 360, 361 
Cushing syndrome and, 733, 734 
cutaneous diseases and, 101, 102, 108, 113 
delirmm and, 325, 326t 
depression and, 376f, 382, 386-388, 388z, 390, 391 
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drug fever and, 1191 

drug-induced hospitalizations from, 26t 

food interactions with, 41 

glucose/msulin dysregulation and, 683, 688, 690 
growth hormone deficiency and, 750 

heart failure and, 502t 

hepatic/cholestatic diseases and, 8481, 866, 868 
hirsutism and, 199¢ 

hypertension and, 6182, 620t 

hypertrichosis and, 196t 

for immune complex diseases, 100 

inhaled, 733, 738-741, 1127 

interstitial lung disease/pulmonary fibrosis and, 439-442 
myocardial ischemia/acute coronary syndromes and, 473 
myopathy and, 1150¢, 1151, 1152¢, 1153, 1155-1159 
nausea/vomiting and, 925, 927t, 929 

oral erythema multiforme and, 1269 

oral lichenoid reactions and, 1273 
osteoporosis/osteomalacia and, 1127 

pancreatitis and, 8787, 882, 885, 888, 891¢ 
photosensitivity and, 155 

psychosis and, 415, 416t, 420, 421 

secondary adrenal insufficiency and, 735, 738-741 
serum sickness-like reactions and, 1194 

sexual dysfunction and, 762t 

sleep disorders and, 349—350t 

for systemic lupus erythematosus, 135 
teratogenicity of, 1316, 1317, 1319, 1320 
thrombocytopenia and, 1059 

thyroid diseases and, 716 

topical, 734 

upper gastromtestinal ulceration and, 809-812, 810-8114, 814-817, 816 
valvular/pericardial heart disease and, 670 

visual disturbances and, 299f, 313, 315-318 
vulvovaginal candidiasis and, 7822, 785t, 791 


Corticotropin, 1952, 199t, 731t 
Corticotropin-releasing hormone (CRH), 729, 734-735, 737-739, 741 
Cortisol 


anxiety and, 409 

Cushing syndrome and, 729, 732 

hypertrichosis and, 198-199 

primary adrenal insufficiency and, 734 

secondary adrenal insufficiency and, 735, 737-741 
stroke and, 232 


Cortisone, 195—196t, 385t, 739t 
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Cosmetic treatments 

for alopecia, 189t, 192 

for hirsutism and hypertrichosis, 204—205, 204—205t, 207-208 
Cost burden of drug-induced diseases, 26—29, 27t 
Cost-of-illness model, 27—28 
Co-trimoxazole, 472, 846t, 864, 1263t, 1266t 
Cough and cold preparations, 2387, 517 
Council for International Organizations of Medical Sciences (CIOMS), 51, 52 
COX-1 inhibitors. See Cyclooxygenase-1 selective inhibitors 
COX-2 inhibitors. See Cyclooxygenase-2 selective inhibitors 
CPIC (Clinical Pharmacogenetics Implementation Consortium) guidelines, 35 
Cremophor (polyethoxyethylated castor oil)-containing products, 777, 81 
CRH (corticotropin-releasing hormone), 729, 734-735, 737-739, 741 
Crizotinib, 1452, 2992, 9081, 1259t 
Cromolyn, 4521, 463 
Cromolyn sodium, 515, 660t, 662 
CSF. See Colony-stimulating factor 
CTEPH (chronic thromboembolic pulmonary hypertension), 1074 
CTID (cancer treatment-induced diarrhea), 821, 827-828, 827t 
CTZ (chemoreceptor trigger zone), 912-914, 913f 
Curcumin, 440 
Cushing syndrome, 730—734 

causative agents of, 730, 731t 

clinical presentation of, 386, 732—733, 732t, 749 

differential diagnosis of, 732-733, 733t 

epidemiology of, 730 

management of, 734 

mechanisms of, 730-732, 731t 

morbidity and mortality for, 733 

overview, 730 

patient education on, 734 

prevention of, 733-734, 734t 

risk factors for, 733, 733t 
Cutaneous diseases, 100-114 

causative agents of, 100-104, 102—104t 

clinical presentation of, 106-110, 107—108z 

differential diagnosis of, 106, 108¢ 

epidemiology of, 104-105 

management of, 113—114, 1147 

mechanisms of, 105—106 

morbidity and mortality for, 112 

patient education on, 114 

prevention of, 112, 113¢ 

risk factors for, 110-112, 111¢ 

systemic lupus erythematosus and, 130 
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terminology related to, 100, 101¢ 
Cyanoacrylate, 1064¢, 1068¢ 
Cycad nut, 849 
Cyclic antidepressants, 219 
Cyclizine, 852t 
Cyclobenzaprine, 145¢, 4162, 4182, 984 
Cyclofenil, 8487 
Cyclooxygenase (COX)-1 selective inhibitors, 233, 453, 455, 463, 812, 815, 945 
Cyclooxygenase (COX)-2 selective inhibitors 
acute kidney injury and, 942, 944-9451, 945—949 
asthma/bronchospasm and, 453, 461, 463 
bleeding disorders and, 1030 
cognitive disorders and, 361 
delirium and, 327t 
heart failure and, 501, 503¢, 509, 512, 516 
hypertension and, 620t 
myocardial ischemia/acute coronary syndromes and, 4721, 473, 475, 477t, 479, 480, 489 
stroke and, 230, 231, 233 
upper gastromtestinal ulceration and, 8107, 811, 812, 815, 817 
vaginal bleeding disorders and, 797 
visual disturbances and, 318 
Cyclophosphamide 
alopecia and, 169¢, 176, 177 
asthma/bronchospasm and, 452t 
bladder cancer and, 1285t, 1288t, 1303-1305 
cognitive disorders and, 358t¢ 
color changes of oral mucosa and teeth and, 1254¢ 
depression and, 384 
diabetes insipidus and, 991t 
heart failure and, 502¢, 508, 510¢ 
hepatic/cholestatic diseases and, 8487 
interstitial lung disease/pulmonary fibrosis and, 431, 432z, 439, 440 
leukemia and, 1284, 1284¢, 1286, 1287, 12887, 1291 
lymphoma and, 1295 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 9087, 9161, 925, 926 
oral erythema multiforme and, 1266¢ 
osteoporosis/osteomalacia and, 1123¢ 
sexual dysfunction and, 759t 
SIADH and, 981, 9832, 989 
systemic lupus erythematosus and, 126t 
taste disorders and, 1259t 
valvular/pericardial heart disease and, 660—661t, 662, 668 
visual disturbances and, 299t 
weight gain and, 1172 
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Cycloserine, 376t, 377, 4002, 416t, 4182, 1235t 
Cyclosporine 
acidosis and, 1003+ 
acute kidney injury and, 9432, 952 
alopecia and, 172, 174, 191 
aplastic anemia and, 1104 
chronic kidney disease and, 965, 966, 967-969, 970t, 971-976, 972t, 974t 
cutaneous diseases and, 1024, 114 
gingival hyperplasia and, 1262—1264, 1263—1264t 
glucose/msulin dysregulation and, 680t, 684, 688 
gout/hyperuricemia and, 1136¢, 1137, 1140, 1145 
hepatic/cholestatic diseases and, 848¢ 
hirsutism and, 194, 198 
hyperprolactinemia and, 744¢ 
hypertension and, 618z, 620, 6201, 624, 625, 625t 
hypertrichosis and, 194, 196t, 198, 199, 202 
lymphoma and, 12842, 12882, 1292-1295 
myopathy and, 1150+ 
osteoporosis/osteomalacia and, 1121t, 1123t, 1127 
ototoxicity and, 1235¢ 
pancreatitis and, 891t 
peripheral neuropathy and, 28 1¢ 
seizures and, 219t, 222t 
skin cancer and, 1284¢, 1288¢, 1297, 1298 
thrombocytopenia and, 1054, 1056 
thromboembolic diseases and, 1065¢, 1069t 
thyroid diseases and, 699t 
upper gastrointestinal ulceration and, 815 
visual disturbances and, 299t 
CYP2D6, 918-919, 1272 
Cypress spurge, 299¢ 
Cyproheptadine 
depression and, 390 
hepatic/cholestatic diseases and, 852¢ 
photosensitivity and, 145¢ 
serotonin syndrome and, 1207—1208, 1208¢ 
thyroid diseases and, 703¢ 
Cyproterone, 1887, 190-191, 206, 206t, 10641, 1068¢ 
Cyproterone acetate, 7441, 848¢ 
Cysteamine, 7¢ 
Cysteinyl leukotrienes (CysLTs), 455, 462 
Cystic fibrosis, 87 
Cytarabine 
anxiety and, 403 
heart failure and, 503t, 509 
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hepatic/cholestatic diseases and, 848 
nausea/vomiting and, 908t, 916¢ 
ototoxicity and, 1235¢ 
pancreatitis and, 8787, 881 
peripheral neuropathy and, 280+ 
sinus bradycardia/atrioventricular block and, 570t 
valvular/pericardial heart disease and, 660—661t, 662, 668 
visual disturbances and, 300f, 313 
Cytokines 
in allergic reactions, 79, 81, 87 
in alopecia areata, 166 
anxiety and, 409, 410 
in atrial fibrillation/atrial flutter, 584 
in bone remodeling, 1120 
chronic kidney disease and, 969 
depression and, 386 
in hepatic and cholestatic diseases, 857 
lymphoma and, 1293 
in nausea and vomiting, 922 
in thermoregulation, 1186 
thrombocytopenia and, 1053 
Cytosine, 1188 
Cytotoxic agents 
alopecia and, 177, 178, 182 
diarrhea and, 823, 825 
gout/hyperuricemia and, 1136¢, 1137-1138, 1144¢ 
infertility and, 800-802 
interstitial lung disease/pulmonary fibrosis and, 431 
myocardial ischemia/acute coronary syndromes and, 474 
neutropenia/agranulocytosis and, 1087, 1091, 1091¢, 1092, 1094, 1095¢ 
vaginal bleeding disorders and, 793, 794 


Dabigatran 
alopecia and, 167t 
bleeding disorders and, 10292, 1035, 1038-1039 
drug interactions with, 39 
intracerebral hemorrhage and, 2387, 245 
stroke and, 237 
systemic lupus erythematosus and, 126t 
upper gastromtestinal ulceration and, 810—811¢, 810-812, 814 
valvular/pericardial heart disease and, 6617, 662 
VTE dosing recommendations, 1077t¢ 
Dabrafenib, 169t, 12842, 1296 
Dacarbazine 
hepatic/cholestatic diseases and, 848 
hypotension and, 636t, 640t 
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leukemia and, 1284, 1285 
nausea/vomiting and, 908t, 916¢ 
photosensitivity and, 145¢ 
thromboembolic diseases and, 1065¢, 1069¢ 
Daclizumab, 967 
Dactinomycin, 169¢, 916¢, 1270t 
Dalbavancin, 836t 
Dalfampridine, 7t 
Dalteparin, 167t, 1034, 1055 
Danaparoid, 1058, 1059 
Danazol 
alopecia and, 167t, 180 
anxiety and, 403 
cutaneous diseases and, 1024, 108 
hepatic/cholestatic diseases and, 849t 
hirsutism and, 194, 195¢ 
ototoxicity and, 1235¢ 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1050¢ 
thromboembolic diseases and, 1065t, 1068¢ 
thyroid diseases and, 701 
vaginal bleeding disorders and, 782t, 785t¢ 
Dantrolene 
dystonia and, 270 
hepatic/cholestatic diseases and, 851¢ 
malignant hyperthermia and, 1212—1214, 1213+ 
neuroleptic malignant syndrome and, 1200-1201, 1200¢ 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
serotonin syndrome and, 1208 
valvular/pericardial heart disease and, 6601, 662, 664 
Dapagliflozin, 634¢, 1002t¢ 
Dapsone 
allergic reactions to, 75t, 87 
cutaneous diseases and, 103¢ 
genetic variations affecting, 36¢ 
heart failure and, 503t, 509 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 8467, 861t 
nausea/vomiting and, 930 
neutropenia/agranulocytosis and, 1089¢ 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1235¢ 
peripheral neuropathy and, 280+ 
pharmacogenomic tests for, 35 


2513 


photosensitivity and, 145¢ 
psychosis and, 416t 
visual disturbances and, 300t 
Daptomycin, 953 
Darbepoetin, 472, 625t, 1064, 1068, 1075¢, 1111¢ 
Darbepoetin-a, 618¢, 621, 626, 1111 
DARRTS (Document Archiving, Reporting, and Regulatory Tracking System) system, 13 
Darunavir, 92, 1266t 
Dasatinib, 1692, 6992, 1087 
Datura, 300t 
Daunorubicin 
alopecia and, 169¢, 176 
drug fever and, 1188¢ 
heart failure and, 514 
hepatic/cholestatic diseases and, 848¢ 
nausea/vomiting and, 9087, 916¢ 
valvular/pericardial heart disease and, 661t 
DDIs (drug—drug interactions), 38—40, 39¢, 153-154 
Deafness. See Hearing loss 
Decision-tree model, 28, 28¢ 
Decitabine, 836t 
Decongestants, 401 
Deep vein thrombosis (DVT) 
clinical presentation of, 1071-1073, 1071t 
differential diagnosis of, 1072, 1072t 
management of, 1076 
morbidity and mortality for, 1074 
overview, 1063 
patient education on, 1077-1078 
pretest probability of, 1072 
risk factors for, 1074 
Deferasirox, 7t 
Deferiprone, 7t 
Deferoxamine, 73t, 300t, 1050¢, 1235t, 1242 
Defibrotide, 635z, 1026t, 1029¢ 
Dehydroepiandrosterone (DHEA), 167¢, 184, 195¢, 199, 201 
Delavirdine, 1266 
Delirium, 325—340 
causative agents of, 325, 326—328t 
clinical presentation of, 330-331, 330-3314, 420 
defined, 357 
differential diagnosis of, 331, 331—332t 
epidemiology of, 325, 328-329, 357-358 
management of, 335-340, 336t, 369 
mechanisms of, 329-330, 329t, 360 
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morbidity and mortality for, 333-334, 366 

patient education on, 340 

prevention of, 334-335, 334t 

risk factors for, 331—333, 332t 
Demeclocycline, 8—9, 1454, 9891, 990, 991t 
Dementia 

clinical presentation of, 362, 363 

differential diagnosis of, 331, 332t 

management of, 340 

mechanisms of, 329, 360 

risk factors for, 332—334 
Demographic factors related to drug-induced diseases, 31—32 
Denileukin, 10657, 1069¢ 
Denominator, in incidence of drug-induced disease, 25 
Denosumab, 1267, 1129t, 1130, 1273-1274, 1274t, 1276 
Deoxyribonucleic acid (DNA) 

acute kidney injury and, 951 

bladder cancer and, 1304 

breast cancer and, 1299 

chemotherapy agents and, 1286, 1287, 1290 

endometrial cancer and, 1301 

hepatic/cholestatic diseases and, 856 

macrocytic anemia and, 1107 

myopathy and, 1152-1153 

neoplastic injury and, 858 

neutropenia/agranulocytosis and, 1091 

peripheral neuropathy and, 282 

in photosensitivity, 150 

systemic lupus erythematosus and, 127, 130, 132 
Depolarizing muscle relaxants, 12092, 1210, 1212 
Depot medroxyprogesterone. See Medroxyprogesterone depot 
Depression, 375—392 

causative agents of, 375-377, 376-377t 

clinical presentation of, 386-387, 387t 

differential diagnosis of, 387, 387t¢ 

epidemiology of, 377-385 

management of, 390-392, 391t 

mechanisms of, 385—386, 385t 

morbidity and mortality for, 389 

patient education on, 392 

prevention of, 390, 390t 

risk factors for, 387-389, 388¢ 
Dermatologic agents, 375 
Dermatomyositis, 1150, 1152t, 1153, 1155 
Desensitization extracts, 452t 
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Desensitization procedures, 64-65, 88-90, 92, 95-96, 98, 1191 
Desflurane, 850t, 906¢, 1209t 
Desglymidodrine, 646 
Desipramine 
alopecia and, 173¢ 
Brugada syndrome and, 547t 
delirtum and, 326¢, 329t 
hypotension and, 634¢, 639t 
monomorphic ventricular tachycardia and, 524—525t 
neutropenia/agranulocytosis and, 1089¢ 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
SIADH and, 982t 
weight gain and, 11664, 1169¢ 
Desmopressin 
bleeding disorders and, 1039 
diabetes insipidus and, 992 
hepatic/cholestatic diseases and, 870 
hypotension and, 646¢ 
myocardial ischemia/acute coronary syndromes and, 473t 
thromboembolic diseases and, 1064t, 1067, 1068¢ 
Desogestrel, 1075 
Desoximetasone, 145t 
Desvenlafaxine, 145¢, 3484, 6182, 6202, 982t 
Deutetrabenazine, 7t, 264 
Dexamethasone 
alopecia and, 171¢ 
cognitive disorders and, 360 
Cushing syndrome and, 732 
hirsutism and, 195t 
hypertrichosis and, 196t¢ 
leukemia and, 1287 
nausea/vomiting and, 922—927, 924t, 927—929t, 929 
pharmacologic characteristics of, 739t 
secondary adrenal insufficiency and, 736¢, 741 
sinus bradycardia/atrioventricular block and, 570t 
thromboembolic diseases and, 1065t, 1069¢ 
thyroid diseases and, 702t 
topical, 731t 
Dexamphetamine, 1203—1204t 
Dexfenfluramine 
chronic kidney disease and, 973 
myocardial ischemia/acute coronary syndromes and, 473t 


valvular/pericardial heart disease and, 659, 6601, 663-664, 6631, 668-670, 6687 


Dexfenfluramine—phentermine, 9 
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Dexlansoprazole, 966t 
Dexmedetomidine, 570t, 577t, 1208t, 1209 
Dexmethylphenidate, 167t, 4007, 401 
Dexrazoxane, 515 
Dextroamphetamine 
alopecia and, 167t 
anxiety and, 401 
growth hormone deficiency and, 748¢ 
myocardial ischemia/acute coronary syndromes and, 473 
visual disturbances and, 300t 
Dextromethorphan, 4167, 4187, 425, 1203—1204¢, 1204t 
Dextrose, 580, 870 
DHEA. See Dehydroepiandrosterone 
DHRs. See Drug hypersensitivity reactions 
Diabetes insipidus, 991—993 
causative agents of, 991, 991t 
clinical presentation of, 992, 992t 
differential diagnosis of, 992, 992t 
epidemiology of, 991 
management of, 993, 993t 
mechanisms of, 991 
morbidity and mortality for, 993 
overview, 981 
patient education on, 993 
prevention of, 993, 993t 
risk factors for, 992—993, 993t 
Diabetes mellitus, 679, 681, 683, 687-688, 690, 952 
Diabetic neuropathy, 288—289 
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition (DSM-5), 256, 330, 357, 375, 399, 420 
Diamorphine, 906t¢ 
Diarrhea, 821—830 
antibiotic-associated, 821, 822—823t, 823, 825, 827, 830 
cancer treatment-induced, 821, 827-828, 827t 
causative agents of, 821—822, 822t 
clinical presentation of, 823-825, 824t 
criteria for grading severity of, 828, 828¢ 
differential diagnosis of, 825, 826t 
epidemiology of, 822—823 
management of, 827-829, 827t 
mechanisms of, 823, 823t 
morbidity and mortality for, 826 
patient education on, 830 
prevention of, 826-827, 826t 
risk factors for, 825, 826 
Diatrizoate and iodipamide meglumine, 706t 
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Diatrizoate meglumine, 706, 1050¢ 
Diatrizoate meglumine/sodium, 706t 
Diatrizoate sodium, 706t 
Diazepam 
allergic reactions to, 75t¢ 
anxiety and, 407 
cognitive disorders and, 360, 368, 369 
delirmm and, 329¢, 337 
drug interactions with, 39¢ 
hypothermia and, 1216¢ 
neuroleptic malignant syndrome and, 1200¢, 1201 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1235¢ 
seizures and, 226 
serotonin syndrome and, 1208, 1208 
sinus bradycardia/atrioventricular block and, 570t, 578¢ 
smoking and, 32 
thrombocytopenia and, 1050t 
thyroid diseases and, 701¢ 
visual disturbances and, 300t 
Diazoxide 
alopecia and, 174¢, 179t 
glucose/msulin dysregulation and, 679, 680t, 684 
hypertrichosis and, 194, 195, 197t, 198, 199, 202 
hypotension and, 633t, 640t 
myocardial ischemia/acute coronary syndromes and, 472t 
thrombocytopenia and, 1050t 
visual disturbances and, 300t 
Dibucaine, 145¢ 
Dichloroethylene, 849 
Dichlorphenamide, 145¢ 
Diclofenac 
acute kidney injury and, 944 
allergic reactions to, 73¢ 
alopecia and, 172 
aplastic anemia and, 1100t 
bleeding disorders and, 1033 
delirium and, 327t 
heart failure and, 510¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846t 
human leukocyte antigen and, 37 
myocardial ischemia/acute coronary syndromes and, 472t, 475 
oral erythema multiforme and, 1266t¢ 
ototoxicity and, 1235¢ 
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pancreatitis and, 881 
photosensitivity and, 145¢ 
SIADH and, 984¢ 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1050t 
upper gastrointestinal ulceration and, 813 
visual disturbances and, 300t 
A Dictionary of Epidemiology (Last), 20 
Didanosine 
acidosis and, 1002—1003r 
alopecia and, 168¢ 
diabetes insipidus and, 991t 
myocardial ischemia/acute coronary syndromes and, 472t 
oral erythema multiforme and, 1266t¢ 
osteoporosis/osteomalacia and, 1123¢ 
ototoxicity and, 1235¢ 
pancreatitis and, 8787, 880, 886r, 890-892, 891t 
peripheral neuropathy and, 280¢ 
Dienestrol, 790t 
Dietary goitrogens, 701t, 713 
Dietary supplements, 238¢, 969, 970, 972-976 
Diethyldithiocarbamate, 1243 
Diethylpropion, 167¢ 
Diethylstilbestrol, 1064t, 1068¢ 
Differential diagnosis 
of acidosis, 1006, 1007t 
of acute interstitial nephritis, 956 
of acute tubular necrosis, 951 
of adverse drug reactions, 51, 63—65 
of akathisia, 257, 257t 
of alkalosis, 1015, 1016 
of alopecia, 183, 184t 
of amenorrhea and oligomenorrhea, 788t, 793-794 
of anxiety, 407, 407¢ 
of aplastic anemia, 1102, 1102t 
of asthma and bronchospasm, 457, 458¢ 
of atrial fibrillation/atrial flutter, 585, 585t 
of atrial tachycardia, 589, 589t 
of AV node re-entrant tachycardia, 593, 593 
of bladder cancer, 1290f, 1304 
of bleeding disorders, 1030, 1031t 
of breast cancer, 1290t, 1299 
of Brugada syndrome, 548 
of chemotherapy-induced anemia, 1110 
of chronic kidney disease, 971, 971t 
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of cognitive disorders, 363, 363t 

of color changes of oral mucosa and teeth, 1256-1257, 1257t 
of congenital heart defects, 1323-1324 

of constipation, 837, 838¢ 

of Cushing syndrome, 732—733, 733t 

of cutaneous diseases, 106, 108¢ 

of delirium, 331, 331—332t 

of depression, 387, 387t 

of diabetes insipidus, 992, 992t 

of diarrhea, 825, 826 

of drug allergies and hypersensitivity reactions, 82, 84¢ 
of drug fever, 1190, 1190¢ 

of dysmenorrhea, 788¢, 797 

of dystonia, 257t, 267, 268 

of endometrial cancer, 1290¢, 1301-1302 

of female sexual dysfunction, 788t, 799 

of fetal alcohol spectrum disorders, 1332 

of gastroschisis, 1326-1327 

of gingival hyperplasia, 1257t, 1264 

of glomerulonephritis, 958—959 

of glucose and insulin dysregulation, 686, 687t 
of gout and hyperuricemia, 1141, 11417 

of growth hormone deficiency, 749, 749t 

of heart failure, 512, 513+ 

of hemodynamic-mediated AKI, 946, 946t 

of hemolytic anemia, 1106 

of hepatic and cholestatic diseases, 860, 861 
of hirsutism, 201, 201¢ 

of hyperprolactinemia, 744-745, 745t 

of hypertension, 201¢, 622, 622t 

of hypertrichosis, 201, 201¢ 

of hypotension, 641, 642 

of hypothermia, 1217 

of infertility, 770t, 7887, 801 

of interstitial lung disease/pulmonary fibrosis, 436, 436t 
of intracerebral hemorrhage, 241, 241¢ 

of learning disabilities, 1315—1316 

of leukemia, 1289, 1290t 

of limb deficiency defects, 1325 

of low birth weight, 1317-1318 

of lymphoma, 12902, 1293-1294 

of macrocytic anemia, 1102r, 1108 

of male sexual dysfunction, 769, 770t 

of malignant hyperthermia, 1211, 1211¢ 

of menorrhagia and menometrorrhagia, 788t, 795 
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of microcephaly, 1331 
of monomorphic ventricular tachycardia, 527, 527t 
of myocardial ischemia/acute coronary syndromes, 482, 483t 
of myopathy, 1154, 1154¢ 
of nausea and vomiting, 915, 916 
of nephrolithiasis, 9467, 957 
of neural tube defects, 1329 
of neuroleptic malignant syndrome, 1197—1198, 1198¢ 
of neutropenia and agranulocytosis, 1092, 1092z 
of oral erythema multiforme, 1257, 1269 
of oral lichenoid reactions (OLR), 1257t, 1273 
of orofacial clefts, 1321 
of osteonecrosis of jaw, 1257t, 1275 
of osteoporosis and osteomalacia, 1124, 1124¢ 
of ototoxicity, 1240z, 1241 
of ovarian hyperstimulation, 784, 788¢ 
of pancreatitis, 889, 889¢ 
of parkinsonism, 257t, 272 
of peripheral neuropathy, 284-285, 284t 
of photosensitivity, 151, 151¢ 
of psychosis, 419, 419¢ 
of secondary adrenal insufficiency, 737, 738¢ 
of seizures, 223, 223t 
of serotonin syndrome, 1206, 1206t 
of serum sickness-like reactions, 84t, 1194, 1194t 
of SIADH, 987, 987t¢ 
of sinus bradycardia/atrioventricular block, 575, 576t 
of skin cancer, 1290t, 1296 
of sleep disorders, 349, 351t 
of stroke, 233, 234t 
of systemic lupus erythematosus, 132, 132t 
of tardive dyskinesia, 257t, 262 
of taste disorders, 1257t, 1261 
of thrombocytopenia, 1055, 1055¢ 
of thromboembolic diseases, 1072, 1072t 
of thyroid diseases, 711, 712, 712t 
of torsades de pointes, 536-537, 537t 
of upper gastrointestinal ulceration, 813—814, 813¢ 
of valvular and pericardial heart disease, 665—668, 667t 
of visual disturbances, 316, 316t 
of vulvovaginal candidiasis, 7887, 791 
of weight gain, 1169, 1170¢ 
Diflunisal, 145¢, 510¢, 1235¢, 1270¢ 
Digitalis, 22, 26, 3002, 376, 385, 385¢ 
Digitalis glycoside toxicity, 589, 589¢ 
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Digitoxin, 590 
DigniCap, 186, 189¢ 
Digoxin 
atrial fibrillation/atrial flutter and, 586 
atrial tachycardia and, 588—590t, 588-591 
cognitive disorders and, 358t, 365 
comorbidity and, 34 
delirium and, 326 
depression and, 378, 385 
drug-induced hospitalizations from, 26t¢ 
drug interactions with, 38 
genetic variability and, 16+ 
heart failure and, 516 
monomorphic ventricular tachycardia and, 523, 524—525t, 526, 529, 530 
nausea/vomiting and, 910, 9114, 930 
neutropenia/agranulocytosis and, 1088, 1089¢ 
oral erythema multiforme and, 1266t¢ 
psychosis and, 416 
sexual dysfunction and, 758-7591, 763—764t, 783t, 786t 
sinus bradycardia/atrioventricular block and, 570t, 572, 573t, 577-579, 577t, 579t 
thrombocytopenia and, 1050¢ 
transport mechanisms for, 37 
Digoxin immune antibody fragments, 502t, 509, 591 
Dihydro-2(3H)-furanone, 1215 
Dihydrocodeine, 4721, 906t 
Dihydroergotamine, 472t, 646t, 647, 1066r, 1070¢ 
Dihydrotestosterone, 183, 538, 763 
Diltiazem 
atrial fibrillation/atrial flutter and, 582t, 586, 587t 
atrial tachycardia and, 591 
drug fever and, 1188¢ 
gingival hyperplasia and, 1263, 1263¢ 
heart failure and, 502t, 505, 509, 510¢, 515 
hypertrichosis and, 196¢ 
hypotension and, 633t, 639t 
myocardial ischemia/acute coronary syndromes and, 4721, 489 
oral erythema multiforme and, 1267t¢ 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
sinus bradycardia/atrioventricular block and, 570t, 572, 573t, 577, 5782, 580 
systemic lupus erythematosus and, 124+ 
taste disorders and, 1259t, 1261t 
Dimenhydrinate, 9241, 1267t 
Dimethylacetamide, 849 
1,3 dimethylamylamine, 582+ 
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Dimethylformamide, 849¢ 
Dimethyl sulfoxide, 300¢ 
Dinutuximab, 6367, 984¢ 
Dioxane, 849¢ 
Dipeptidyl peptidase 4 (DPP-4) inhibitors 
glucose/msulin dysregulation and, 6821, 685¢ 
heart failure and, 503t, 506, 511, 513, 514¢ 
pancreatitis and, 8791, 884 
Diphenhydramine 
delirium and, 328¢ 
hypotension and, 634¢, 640t 
nausea/vomiting and, 927¢ 
ototoxicity and, 1243-1244 
photosensitivity and, 145¢ 
psychosis and, 4161, 425 
seizures and, 219, 220 
taste disorders and, 1262 
torsades de pointes and, 533¢ 
Diphenoxylate, 1263+ 
Diphenylcyclopropenone, 191 
Diphtheria antitoxin (equine), 7t 
Diphtheria-pertussis-tetanus (DTaP) vaccine, 197, 1267t 
Dipyridamole 
asthma/bronchospasm and, 452t 
bleeding disorders and, 1026¢, 1029, 1029¢ 
intracerebral hemorrhage and, 244 
monomorphic ventricular tachycardia and, 524, 526 
myocardial ischemia/acute coronary syndromes and, 4721, 477t, 479 
neutropenia/agranulocytosis and, 1088, 1089¢ 
sinus bradycardia/atrioventricular block and, 570t, 573t, 577 
stroke and, 236 
taste disorders and, 1259t, 1261t 
Dipyrone, 102¢ 
Direct-acting arterial vasodilators, 645t¢ 
Disease-modifying antirheumatic drugs (DMARDs), 174, 178, 1175¢ 
Disopyramide 
glucose/insulin dysregulation and, 6821, 685t 
heart failure and, 502t, 507, 5104, 511, 515 
hepatic/cholestatic diseases and, 847t 
monomorphic ventricular tachycardia and, 524—525t, 529 
myocardial ischemia/acute coronary syndromes and, 472t 
peripheral neuropathy and, 280+ 
sexual dysfunction and, 759t 
sinus bradycardia/atrioventricular block and, 570t, 573t, 577t 
systemic lupus erythematosus and, 124¢ 
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torsades de pointes and, 532, 539t 
Distal renal tubular acidosis, 1003—1004¢, 1004, 1006, 1010, 1011f 
Disulfiram 
drug interactions with, 39¢ 
hepatic/cholestatic diseases and, 851t 
nausea/vomiting and, 915 
peripheral neuropathy and, 28 1¢ 
psychosis and, 416t, 418¢ 
taste disorders and, 1259t 
Diuretics 
acute kidney injury and, 9441, 947-949, 952-954, 959 
alkalosis and, 1012, 1015, 1017 
asthma/bronchospasm and, 463 
constipation and, 835, 836—837t 
drug-induced hospitalizations from, 26, 26t 
gout/hyperuricemia and, 1136¢, 1138, 1144¢ 
heart failure and, 508, 511, 512, 517 
hepatic/cholestatic diseases and, 868, 870, 872 
hypotension and, 633t, 642-644 
loop. See Loop diuretics 
myocardial ischemia/acute coronary syndromes and, 472¢ 
myopathy and, 1150¢, 1151, 1152¢, 1153 
nonpotassium-sparing, 34 
osmotic, 636t 
ototoxicity and, 1233, 1239, 1239t, 1241, 1243 
ovarian hyperstimulation and, 789, 790t 
photosensitivity and, 143, 150, 150¢, 154 
potassium-sparing, 625, 949, 1003+, 1138 
sexual dysfunction and, 757, 759—760t, 761, 764t, 766 
thiazide. See Thiazide diuretics 
valvular/pericardial heart disease and, 670 
DMARDs (disease-modifying antirheumatic drugs), 174, 178, 1175¢ 
DNA. See Deoxyribonucleic acid 
DOAC regimen, 1076 
Dobutamine 
atrial fibrillation/atrial flutter and, 582-5832, 584, 585t, 586 
AV node re-entrant tachycardia and, 592, 592—593t, 593 
drug fever and, 1188¢ 
hypotension and, 635t, 639t 
monomorphic ventricular tachycardia and, 523, 524—525t, 529, 530 
myocardial ischemia/acute coronary syndromes and, 472t 
Docetaxel 
allergic reactions to, 74¢ 
alopecia and, 169¢ 
atrial fibrillation/atrial flutter and, 582t 
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color changes of oral mucosa and teeth and, 1254¢ 

interstitial lung disease/pulmonary fibrosis and, 433t, 435t 

nausea/vomiting and, 908¢ 

pancreatitis and, 881 

peripheral neuropathy and, 280¢ 

SIADH and, 983¢ 

systemic lupus erythematosus and, 126t 

taste disorders and, 1259t 

thromboembolic diseases and, 1065t, 1069 

visual disturbances and, 300f, 316 
Document Archiving, Reporting, and Regulatory Tracking System (DARRTS) system, 13 
Documentation of drug-induced diseases, 65—66 
Docusate sodium, 840 
Dofetilide 

atrial fibrillation/atrial flutter and, 587, 587t 

heart failure and, 507, 511, 513 

restrictive drug distribution system for, 7¢ 

torsades de pointes and, 532¢, 538, 539t 
Dolasetron, 473t, 533z, 918, 922, 924t, 928-929t 
Domperidone, 4731, 474, 532t, 539-5401, 7431, 745 
Donepezil 

hypotension and, 633¢, 640t 

neuroleptic malignant syndrome and, 1195¢ 

ototoxicity and, 1235¢ 

sinus bradycardia/atrioventricular block and, 570t, 573t 

systemic lupus erythematosus and, 125t 

torsades de pointes and, 532, 540t 
Dopamine 

acute kidney injury and, 953 

alopecia and, 171t¢ 

atrial fibrillation/atrial flutter and, 582t 

delirium and, 329, 332, 333 

hyperprolactinemia and, 742, 745 

as inhibitory factor for prolactin, 742 

nausea/vomiting and, 914 

neuroleptic malignant syndrome and, 1195—1198 

psychosis and, 418, 419, 422 

serotonin syndrome and, 1208 

SIADH and, 984¢ 

sinus bradycardia/atrioventricular block and, 580 

in sleep cycles, 349 

stroke and, 232 

tardive dyskinesia and, 261 

in thermoregulation, 1185, 1186, 1215-1216 

thyroid diseases and, 701t 
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Dopamine agonists 
alopecia and, 171t, 175, 178, 179¢, 184, 186 
anxiety and, 400¢, 405, 405¢, 408 
hyperprolactinemia and, 746, 747 
hypotension and, 633t, 645t¢ 
neuroleptic malignant syndrome and, 1196, 1200, 1201 
parkinsonism and, 273 
psychosis and, 4161, 417, 422 
valvular/pericardial heart disease and, 659, 669 
Dopamine antagonists 
anxiety and, 4007, 405, 405¢, 408, 410 
hyperprolactinemia and, 745, 746 
nausea/vomiting and, 927, 927t, 929 
neuroleptic malignant syndrome and, 1199 
psychosis and, 418, 422 
Dopamine D> receptors, 261, 271-272, 338, 798, 912, 1196, 1198 
Dopamine-receptor—blocking agents (DRBAs) 
akathisia and, 255—256 
dystonia and, 265—267, 269, 270 
parkinsonism and, 270-273 
tardive dyskinesia and, 259, 261—263 
Dopaminergic agents, 327t, 415, 422, 701t, 1197 
Dopexamine, 472t 
Dovitinib, 570¢ 
Down syndrome, 577, 1314, 1323 
Doxapram, 1013-1014, 1013—1014¢ 
Doxazosin, 3002, 416t, 509, 632t, 639t, 762 
Doxepn 
alopecia and, 173¢t 
delirmm and, 326¢, 329t 
drug fever and, 1188¢ 
hypotension and, 634¢, 639t 
myocardial ischemia/acute coronary syndromes and, 472 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
SIADH and, 9822, 990 
sleep disorders and, 353 
torsades de pointes and, 533z, 540t 
weight gain and, 1166, 1169¢ 
Doxifluridine, 169¢ 
Doxorubicin 
alopecia and, 169¢, 176 
atrial fibrillation/atrial flutter and, 582t 
color changes of oral mucosa and teeth and, 1254¢ 
constipation and, 836 
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depression and, 384 
heart failure and, 502¢, 507, 510¢, 511, 514, 515 
hepatic/cholestatic diseases and, 8487 
leukemia and, 1284-1286, 12847, 12882, 1291 
lymphoma and, 1295 
nausea/vomiting and, 908t, 916¢ 
systemic lupus erythematosus and, 126t 
taste disorders and, 1259t 
vaginal bleeding disorders and, 782t, 785t¢ 
valvular/pericardial heart disease and, 661t 
visual disturbances and, 300t 
Doxycycline 
allergic reactions to, 95 
ototoxicity and, 1235¢ 
pancreatitis and, 8791, 882 
photosensitivity and, 145¢, 153 
SIADH and, 990 
systemic lupus erythematosus and, 125t 
upper gastromtestinal ulceration and, 809, 813 
Doxylamine, 220 
D-penicillamine 
asthma/bronchospasm and, 452t 
chronic kidney disease and, 966t, 970t 
myopathy and, 1150, 1150¢, 1151, 1152¢, 1153 
systemic lupus erythematosus and, 126¢, 130 
DPP-4 inhibitors. See Dipeptidyl peptidase 4 inhibitors 
DRBAs. See Dopamine-receptor—blocking agents 
DRESS (drug rash with eosinophilia and systemic symptoms), 87, 102-103, 105, 107—108¢, 109-110, 114#, 1186 
Dronabinol, 4007, 416t, 418, 929, 929t 
Dronedarone 
heart failure and, 502t, 507, 511 
photosensitivity and, 145¢ 
sinus bradycardia/atrioventricular block and, 570t, 577t 
torsades de pointes and, 532z, 539t 
Droperidol 
akathisia and, 255, 255—256t, 258t 
delirmm and, 338 
hypotension and, 634¢ 
nausea/vomiting and, 922, 923, 924t, 927-928¢, 928 
neuroleptic malignant syndrome and, 1195¢ 
torsades de pointes and, 532t 
Drospirenone, 191, 2062, 1075 
Drotrecogin alfa, 3 
Droxidopa, 7t, 646-647, 646t 
Drug allergies, 71—100 
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categorization of, 60 
causative agents, 71—76, 72—75t 
clinical presentation of, 82-85, 83—84t 
comparison with hypersensitivity reactions, 71, 72¢ 
defined, 71 
differential diagnosis of, 82, 84¢ 
epidemiology of, 76-78 
Gell and Coombs classification of, 79-81, 80t 
immediate vs. nonimmediate, 80—82 
management of, 98-100, 99¢ 
mechanisms of, 78-81 
morbidity and mortality for, 88 
patient education on, 88, 100 
prevention of, 88—90, 92, 94-96 
risk factors for, 85—87, 85t 
Drug—drug interactions (DDIs), 38—40, 39¢, 153-154 
Drug fever, 1186-1192 
causative agents of, 1186-1187, 1188—-1189t 
clinical presentation of, 1187, 1189-1190, 1189¢ 
differential diagnosis of, 1190, 1190¢ 
epidemiology of, 1187 
management of, 1191, 1191¢ 
mechanisms of, 1187 
morbidity and mortality for, 1190 
patient education on, 1192 
prevention of, 1190-1191 
risk factors for, 1190 
Drug hypersensitivity reactions (DHRs) 
causative agents, 76, 77t, 1186 
comparison with drug allergies, 71, 72¢ 
defined, 71 
differential diagnosis of, 84 
epidemiology of, 76-78 
human leukocyte antigen and, 37, 38 
immediate vs. nonimmediate, 81 
management of, 99¢ 
mechanisms of, 81—82 
patient education on, 88, 100 
prevention of, 96-98, 97t 
risk factors for, 85t, 87-88 
Drug-induced diseases. See also specific diseases 
adverse reactions and. See Adverse drug reactions (ADRs) 
comorbidity and, 33-34 
cost burden of, 26-29, 27t 
defined, 24 
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demographic factors related to, 31-32 

differential diagnosis of. See Differential diagnosis 
documentation of, 65—66 

education on. See Patient education 

epidemiology of, 21—23, 25. See also Epidemiology 
evaluation of patients for, 60-67, 61—62t, 64—65t 
gender variations in, 32, 34-38, 36 

levels of evidence for, 63 

lifestyle factors related to, 32-33 


management of. See Management of disease 





mechanisms of. See Mechanisms of disease 
medication errors and. See Medication errors 
morbidity and mortality in. See Morbidity and mortality 
nonadherence to medications and, 28, 41 
postmarketing surveillance for. See Postmarketing surveillance 
prevention of. See Prevention strategies 
public health impact of, 21, 24-26, 29 
quantitative impact of, 23 
reporting systems for, 24, 66-67 
risk factors for. See Risk factors 
signs and symptoms of. See Clinical presentation of disease 
sources of, 19-20 
Drug pseudoallergies, 71 
Drug-related hospitalizations, 25—29, 26t, 38 
Drugs. See also specific names and classes of drugs 
adverse reactions to. See Adverse drug reactions (ADRs) 
allergies to. See Drug allergies 
approval process for, 11-12, 48 
discontinuation of, 472t, 480, 625t 
duration of detection in urine, 420, 420r 
errors related to. See Medication errors 
fast track approval of, 59 
as haptens, 1052 
hypersensitivity reactions. See Drug hypersensitivity reactions (DHRs) 
illicit. See Illicit drug use 
metabolism pathways for, 35, 37 
orphan, 48 
safety of. See Safety of drugs 
surveillance of. See Postmarketing surveillance 
teratogenic. See Teratogenicity 
tolerance to, 88—89 
toxicity of. See Toxicity 
transport mechanisms for, 37, 1313 
withdrawal from, 415, 417, 420-422, 424, 424t 
Drug target receptors, 37 
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Drug tolerance, 88—89 
DSM-5. See Diagnostic and Statistical Manual of Mental Disorders, 5th Edition 
DTaP (diphtheria-pertussis-tetanus) vaccine, 197¢, 1267t¢ 
D-tubocurare, 636, 638¢ 
D-tubocurarine, 452t 
Dulaglutide, 879t 
Duloxetine 
constipation and, 836 
hepatic/cholestatic diseases and, 851t 
hyperprolactinemia and, 743¢ 
peripheral neuropathy and, 288 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 772 
SIADH and, 981, 9821, 990 
sleep disorders and, 348¢ 
smoking and, 32 
visual disturbances and, 300t 
weight gain and, 1166¢, 1169¢ 
Dutasteride, 1887, 190, 206¢, 207, 503¢ 
Duty to warn, 10-11 
DVT. See Deep vein thrombosis 
Dyclonine, 1262 
Dysgeusia, 1258, 1261, 1262 
Dysmenorrhea, 796-797 
causative agents of, 7822, 796 
clinical presentation of, 787t, 797 
differential diagnosis of, 788t, 797 
epidemiology of, 796 
management of, 790, 797 
mechanisms of, 786t, 796 
morbidity and mortality for, 797 
patient education on, 797 
prevention of, 7892, 797 
risk factors for, 788t, 797 
Dystonia (acute and tardive), 265—270 
causative agents of, 265, 266t 
cervical, 267, 267f 
clinical presentation of, 257t, 266-268, 267f 
differential diagnosis of, 257t, 267, 268 
epidemiology of, 265—266 
management of, 270, 270t 
mechanisms of, 266 
morbidity and mortality for, 269 
overview, 253-254 


patient education on, 270 
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prevention of, 269, 269t 
risk factors for, 268, 268¢ 


Echinacea, 835 
Echinacea purpurea, 300 
Echocardiograms, transthoracic, 665, 666—667f 
Echothiophate iodide, 706t¢ 
Economic costs of drug-induced diseases, 26—29, 27t 
Ecstasy 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 864 
myocardial ischemia/acute coronary syndromes and, 473t 
serotonin syndrome and, 1203—1204t 
SIADH and, 981, 984¢, 985—987, 989 
stroke and, 230t 
teratogenicity of, 1321 
thromboembolic diseases and, 1066¢, 1070t 
valvular/pericardial heart disease and, 6601, 6631, 664 
ECT. See Electroconvulsive therapy 
Eculizumab, 7t 
Edatrexate, 169¢ 
Edoxaban, 2381, 245, 1029, 1076, 1077t 
EDTA. See Ethylenediaminetetraacetic acid 
Education of patients. See Patient education 
EEGs (electroencephalograms), 220, 222, 223 
Efalizumab, 1050t 
Efaproxiral, 169t 
Efavirenz 
anxiety and, 4007, 403, 404 
depression and, 376t, 377-378, 385t, 386, 388, 388z, 390, 391 
diabetes insipidus and, 991t 
drug interactions with, 39¢ 
oral erythema multiforme and, 1267t¢ 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
psychosis and, 416t 
torsades de pointes and, 533+ 
Eflornithine, 207 
EGFRs. See Epidermal growth factor receptor inhibitors 
Ejaculation disorders 
causative agents of, 760t 
clinical presentation of, 768¢, 769, 770 
defined, 757 
differential diagnosis of, 770t 
management of, 773t 
mechanisms of, 764—765t, 766-767 
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Elderly populations 
bone loss in, 1122 
cognitive disorders in, 364, 367-368 
constipation among, 836-837, 839 
delirium in, 333, 334 
diarrhea in, 823 
hypertension in, 623 
hypotension in, 641 
prevalence of drug-induced diseases in, 31 
systemic lupus erythematosus in, 133 
tardive dyskinesia in, 260, 263 
taste disorders in, 1261 
Electroconvulsive therapy (ECT), 265, 391, 1197, 1200, 1200¢, 1201 
Electroencephalograms (EEGs), 220, 222, 223 
Electrolysis, 205, 207, 208 
Electrolyte disturbances, 34, 1153 
Elevated blood pressure, 617, 6191, 621-625. See also Hypertension 
Eli Lilly Company v. United States Department of Justice (2009), 9t, 10 
Eltrombopag, 1717, 1059 
Embolic mechanisms of stroke, 231—232 
Emesis. See Nausea and vomiting 
Emetogenic agents, 910, 914, 915, 920-921, 925, 926 
Emollient laxatives, 840, 840t 
Empaglifozin, 515, 1002¢ 
Emtricitabine, 991t 
Enalapril 
acute kidney injury and, 948 
alopecia and, 167t 
color changes of oral mucosa and teeth and, 1254¢ 
delirium and, 327t 
hypotension and, 6321, 638¢ 
myocardial ischemia/acute coronary syndromes and, 4721, 477t, 478 
oral lichenoid reactions and, 1270t 
ototoxicity and, 1235¢ 
pancreatitis and, 8787, 880, 886t, 887 
peripheral neuropathy and, 28 1¢ 
photosensitivity and, 145¢ 
SIADH and, 983¢ 
systemic lupus erythematosus and, 124¢ 
taste disorders and, 1259t, 1261t 
Enalaprilat, 478, 1235¢ 
Encainide, 4721, 502t, 507, 510t, 528 
Encephalocele, 1327-1329, 1328f 
Endocrine agents, 848—849t 
Endogenous Cushing syndrome, 730, 733 


2522 


Endometrial cancer, 1301—1303 
causative agents of, 1285z, 1301 
clinical presentation of, 1290t, 1301-1302 
differential diagnosis of, 12902, 1301-1302 
epidemiology of, 1301 
management of, 1303 
mechanisms of, 1288¢, 1301 
morbidity and mortality for, 1302 
patient education on, 1303 
prevention of, 12947, 1302-1303 
risk factors for, 1291t, 1302 
Endothelin, 951 
Endothelin-1, 232, 478 
Endothelin modifiers, 636t 
Endothelin receptor antagonists, 440 
Endotoxins, 1185 
End stage renal disease (ESRD), 965, 967, 968, 972, 974, 975 
Enflurane, 4722, 850t, 906¢, 12092, 1210 
Enoxacin, 145t 
Enoxaparin, 77t, 167t, 239, 4872, 1034, 1055 
Enoximone, 5821, 592t 
Entacapone, 348¢, 635t, 640¢ 
Entecavir, 966—967, 966t, 970t 
Enteral nutrition, 1003¢ 
Environmental chemicals, 845, 849—850t 
Environmental goitrogens, 701 
Ephedra 
intracerebral hemorrhage and, 238z, 240, 2404, 243 
myocardial ischemia/acute coronary syndromes and, 473t 
seizures and, 219f, 221, 225 
Ephedra alkaloids, 6187 
Ephedrine 
anxiety and, 4007, 404, 409 
intracerebral hemorrhage and, 240 
monomorphic ventricular tachycardia and, 524¢, 527f 
myocardial ischemia/acute coronary syndromes and, 473t 
nausea/vomiting and, 924+ 
psychosis and, 416t, 418¢ 
stroke and, 232 
Epidemiology 
of acidosis, 1001 
of acute interstitial nephritis, 956 
of acute tubular necrosis, 950 
of akathisia, 254-255 
of alkalosis, 1012 
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of alopecia, 177-178 

of amenorrhea and oligomenorrhea, 793 

of anxiety, 404, 404 

of aplastic anemia, 1100 

of asthma and bronchospasm, 451, 453—454 
of atrial fibrillation/atrial flutter, 581, 583 

of atrial tachycardia, 588 

of AV node re-entrant tachycardia, 592 

of bladder cancer, 1303-1304 

of bleeding disorders, 1026-1028 

of breast cancer, 1299 

of Brugada syndrome, 546 

of chemotherapy-induced anemia, 1109 

of chronic kidney disease, 967-969 

of cognitive disorders, 357-359 

of color changes of oral mucosa and teeth, 1255 
of congenital heart defects, 1322—1323 

of constipation, 835—837 

of Cushing syndrome, 730 

of cutaneous diseases, 104-105 

defined, 20 

of delirium, 325, 328-329, 357-358 

of depression, 377-385 

of diabetes insipidus, 991 

of diarrhea, 822-823 

of drug allergies and hypersensitivity reactions, 76—78 
of drug fever, 1187 

of drug-induced diseases, 21—23, 25 

of dysmenorrhea, 796 

of dystonia, 265—266 

of endometrial cancer, 1301 

of female sexual dysfunction, 798 

of fetal alcohol spectrum disorders, 1332 

of gastroschisis, 1326 

of gingival hyperplasia, 1263 

of glomerulonephritis, 958 

of glucose and insulin dysregulation, 681, 683 
of gout and hyperuricemia, 1135 

of growth hormone deficiency, 747 

of heart failure, 505—509 

of hemodynamic-mediated AKI, 942, 944 
of hemolytic anemia, 1104 

of hepatic and cholestatic diseases, 845, 853 
of hirsutism, 197-198 

of hyperprolactinemia, 742 
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of hypertension, 617-619 

of hypertrichosis, 197-198 

of hypotension, 631, 637 

of hypothermia, 1215 

of infertility, 800 

of interstitial lung disease/pulmonary fibrosis, 433—434 
of intracerebral hemorrhage, 239—240 

of learning disabilities, 1315 

of leukemia, 1286-1287 

levels of evidence in, 20-21, 21t 

of limb deficiency defects, 1324-1325 

of low birth weight, 1316-1317 

of lymphoma, 1293 

of macrocytic anemia, 1107 

of male sexual dysfunction, 761—762 

of malignant hyperthermia, 1210 

of menorrhagia and menometrorrhagia, 795 
of microcephaly, 1330-1331 

of monomorphic ventricular tachycardia, 523 
in morbidity and mortality explanations, 21, 22, 25, 26 
of myocardial ischemia/acute coronary syndromes, 474-476 
of myopathy, 1151 

of nausea and vomiting, 910 

of nephrolithiasis, 957 

of neural tube defects, 1328 

of neuroleptic malignant syndrome, 1196 

of neutropenia and agranulocytosis, 1088, 1091 
of oral erythema multiforme, 1266 

of oral lichenoid reactions, 1270 

of orofacial clefts, 1319-1320 

of osteonecrosis of jaw, 1273-1274 

of osteoporosis and osteomalacia, 1120 

of ototoxicity, 1239 

of ovarian hyperstimulation, 781, 783 
overview, 20 

of pancreatitis, 879-885 

of parkinsonism, 270-271 

of peripheral neuropathy, 279 
pharmacoepidemiology, 20, 54 

of photosensitivity, 143, 148 

postmarketing surveillance as tool in, 53, 54 
of psychosis, 417 

of secondary adrenal insufficiency, 735 

of seizures, 217, 219-222 

of serotonin syndrome, 1202 
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of serum sickness-like reactions, 1192 
of SIADH, 985 
of sinus bradycardia/atrioventricular block, 572 
of skin cancer, 1296 
of sleep disorders, 347 
of stroke, 231 
of systemic lupus erythematosus, 123, 127 
of tardive dyskinesia, 260—261 
of taste disorders, 1258, 1261 
of thrombocytopenia, 1050, 1052 
of thromboembolic diseases, 1063, 1066 
of thyroid diseases, 704 
of torsades de pointes, 534-535 
of upper gastrointestinal ulceration, 810-811 
of valvular and pericardial heart disease, 662—663 
of visual disturbances, 313 
of vulvovaginal candidiasis, 791 
of weight gain, 1165, 1167-1168 
Epidermal growth factor receptor inhibitors (EGFRs), 102t, 105-106, 108, 4322, 433, 435t 
Epilepsy. See Seizures 
Epinephrine, 98, 99, 454, 4732, 580, 1002 
Epipodophyllotoxins, 1285—1286, 1291 
Epirubicin 
alopecia and, 169¢ 
heart failure and, 502¢, 510¢ 
leukemia and, 1288¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 908¢ 
photosensitivity and, 145¢ 
Epitope, 1052, 1053 
Eplerenone, 1003¢ 
Epoetin alpha, 646f, 647, 1111 
Epoprostenol, 636, 640t, 645t, 700¢ 
Eprosartan, 632t, 6381, 1259t 
EPS. See Extrapyramidal symptoms 
Epsilon aminocaproic acid, 1156 
Eptifibatide, 1029t, 1050t, 1052t, 1053, 10642, 1068 
Erectile dysfunction 
causative agents of, 757, 759—760t 
clinical presentation of, 768, 768, 769 
defined, 757 
differential diagnosis of, 770t 
epidemiology of, 761—762 
management of, 773¢ 
mechanisms of, 763—764t, 766 
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Ergocalciferol, 1259¢ 
Ergonovine, 472t, 620t 
Ergot alkaloids 
hypertension and, 6182, 620t 
hypotension and, 547 
myocardial ischemia/acute coronary syndromes and, 474, 477t, 478, 485 
valvular/pericardial heart disease and, 659, 661—663 
Ergotamine 
hypotension and, 647 
myocardial ischemia/acute coronary syndromes and, 472¢ 
thromboembolic diseases and, 1066¢, 1070t 
valvular/pericardial heart disease and, 659-664, 660-6611, 6631, 668, 668—669¢ 
Ergotamine tartrate, 646¢ 
Eribulin, 1692, 908¢ 
Erlotinib 
alopecia and, 169¢, 177, 179¢ 
chemotherapy-induced anemia and, 1109¢ 
cutaneous diseases and, 102t 
hypertrichosis and, 196t¢ 
interstitial lung disease/pulmonary fibrosis and, 432t, 438 
ototoxicity and, 1235¢ 
thyroid diseases and, 699t 
visual disturbances and, 300t 
Errors. See Medication errors 
ERT (estrogen-replacement therapy), 621 
Ertapenem, 92, 328¢ 
Erythematous rash, 107—108¢ 
Erythromycin 
acute kidney injury and, 943¢ 
adverse effects of, 11 
comorbidity and, 34 
cutaneous diseases and, 102t 
diarrhea and, 823, 823¢ 
drug fever and, 1188¢ 
gingival hyperplasia and, 1263¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846t 
myocardial ischemia/acute coronary syndromes and, 474 
nausea/vomiting and, 909f, 911, 915, 920, 930 
neutropenia/agranulocytosis and, 1089 
oral lichenoid reactions and, 1270t 
osteonecrosis of jaw and, 1276 
ototoxicity and, 1235¢ 
pancreatitis and, 8792, 886t 
serotonin syndrome and, 1204 
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sexual dysfunction and, 762t, 765t 
torsades de pointes and, 5321, 536, 538, 540t, 541-542 
upper gastromtestinal ulceration and, 810-811 
Erythromycin estolate, 861¢ 
Erythropoiesis-stimulating agents (ESAs), 6202, 626, 8227, 1110, 1111, 1111¢ 
Erythropoietin 
chemotherapy-induced anemia and, 1110 
dosing of, 1111¢ 
hypertension and, 625¢ 
hypertrichosis and, 194, 195, 196¢, 198 
myocardial ischemia/acute coronary syndromes and, 472 
peripheral neuropathy and, 287¢ 
thromboembolic diseases and, 10644, 1068¢, 1075t 
Erythropoietin-a, 6184, 621, 626 
ESAs. See Erythropoiesis-stimulating agents 
Escitalopram 
alopecia and, 173¢ 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 762t, 772 
SIADH and, 982t 
sinus bradycardia/atrioventricular block and, 570t, 577t 
sleep disorders and, 348¢ 
thromboembolic diseases and, 1066¢, 1070t 
thyroid diseases and, 699f, 710 
torsades de pointes and, 532t, 539t 
weight gain and, 1166, 1169¢ 
Esmolol, 587t, 6321, 638¢ 
Esomeprazole, 126t, 965, 9661, 984t 
ESRD. See End stage renal disease 
Estazolam, 352 
Esterified estrogens, 178 
Estradiol, 538, 784, 787, 790t, 793, 800 
Estramustine, 169¢, 1065t, 10692, 1075t 
Estrogen-replacement therapy (ERT), 621 
Estrogens 
alopecia and, 176, 178, 180, 191 
anxiety and, 4007, 402, 405z, 406 
asthma/bronchospasm and, 452t 
breast cancer and, 1285¢, 1288, 1298-1301 
conjugated, 702t, 790t, 1302 
depression and, 382, 385—386, 388 
endometrial cancer and, 1285¢, 1288¢, 1301, 1302 
esterified, 178 
growth hormone deficiency and, 750, 751 
hepatic/cholestatic diseases and, 849t 
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hyperprolactinemia and, 742, 743—744t 
hypertension and, 6182, 620-621, 620t, 624-626 
myocardial ischemia/acute coronary syndromes and, 473¢, 475, 477t, 482 
nausea/vomiting and, 911¢ 
pancreatitis and, 8782, 882-883, 885, 886 
photosensitivity and, 145¢ 
sexual dysfunction and, 758—759t, 762—765t, 790t, 799-800 
stroke and, 229 
systemic lupus erythematosus and, 126t 
thromboembolic diseases and, 1064t, 1068t, 1071, 1074-1075, 1077 
thyroid diseases and, 702t 
torsades de pointes and, 538 
vaginal bleeding disorders and, 782t, 785—786t, 794, 796 
Estropipate cream, 790t 
Eszopiclone, 352, 1259t 
Etanercept 
allergic reactions to, 74¢ 
alopecia and, 173¢t 
cutaneous diseases and, 103¢, 109, 113 
depression and, 383 
heart failure and, 503t, 509, 510¢ 
hepatic/cholestatic diseases and, 852t 
interstitial lung disease/pulmonary fibrosis and, 433¢ 
neutropenia/agranulocytosis and, 1089¢ 
oral lichenoid reactions and, 1271t 
skin cancer and, 1297 
systemic lupus erythematosus and, 126, 128¢ 
Ethacrynate, 638¢ 
Ethacrynic acid, 6332, 879t, 1235t, 12422, 1243 
Ethambutol 
gout/hyperuricemia and, 1136, 1138-1139 
oral erythema multiforme and, 1267t¢ 
peripheral neuropathy and, 280, 288 
taste disorders and, 1259t 
thrombocytopenia and, 1050¢ 
visual disturbances and, 300f, 315 
Ethanol 
asthma/bronchospasm and, 452t 
glucose/insulin dysregulation and, 681, 682t, 685¢ 
gout/hyperuricemia and, 11367, 1139, 1144¢ 
hepatic/cholestatic diseases and, 852t 
metabolism of, 33 
myocardial ischemia/acute coronary syndromes and, 473t 
nausea/vomiting and, 915 


seizures and, 217, 219 
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sexual dysfunction and, 758—759t, 761—765t 
visual disturbances and, 301t 
Ethinyl estradiol, 191, 2062, 229, 7021, 1067, 1075 
Ethinyl estradiol-levonorgestrel, 909t 
Ethinyl estradiol-norethindrone, 909t 
Ethiodized oil, 706t 
Ethionamide 
alopecia and, 174¢, 179t 
depression and, 376t, 377 
hepatic/cholestatic diseases and, 846¢ 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
taste disorders and, 1259t 
thyroid diseases and, 6994, 702t, 710 
Ethionine, 849¢ 
Ethosuximide, 1247, 254, 1089¢, 1263¢, 1319 
Ethyl bromide/chloride, 849¢ 
Ethylenediaminetetraacetic acid (EDTA), 4522, 454, 1055, 12594, 1261t 
Ethynodiol, 191 
Ethynodiol diacetate, 206¢ 
Etidronate, 3012, 4522, 1235z, 1274 
Etodolac 
alopecia and, 172 
aplastic anemia and, 1100t 
heart failure and, 510¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846t 
ototoxicity and, 1235¢ 
upper gastrointestinal ulceration and, 817 
visual disturbances and, 301¢ 
Etomidate, 573t, 735, 736—-737t, 737, 907t 
Etoposide 
allergic reactions to, 73¢ 
alopecia and, 169¢ 
hepatic/cholestatic diseases and, 848¢ 
hypotension and, 636t, 640t, 645¢ 
infertility and, 783¢, 786t¢ 
leukemia and, 1284, 1285-1287, 1288¢ 
myocardial ischemia/acute coronary syndromes and, 472 
nausea/vomiting and, 908¢ 
peripheral neuropathy and, 280¢ 
SIADH and, 983¢ 
thromboembolic diseases and, 1065t¢ 
vaginal bleeding disorders and, 782t, 785t¢ 
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Etravirine, 1267t 

Etretinate, 166, 173t, 852¢, 10504, 11502, 1152 
Eucalyptus, 2194, 221 

Evaluation of patients, 60-67, 61—62t, 64—65t 
Everolimus, 169t, 196t, 4321, 438, 7002, 1188t, 1293, 1298 
Excessive hair growth. See Hirsutism; Hypertrichosis 





Excipients, 73¢ 
Exemestane, 169t 
Exenatide 
alopecia and, 174¢, 179t 
nausea/vomiting and, 909f, 915 
pancreatitis and, 8791, 884 
Experiments, in epidemiology, 22 
Extrapyramidal symptoms (EPS), 253-254, 262, 269, 271-272, 338-340 
Eye disturbances. See Visual disturbances 
Ezetimibe, 1150t, 1152t 
Ezogabine, 168 


Factor VII inhibitor/prothrombin complex concentrates, 472t 
Fainting. See Syncope 
Famotidine 
delirium and, 328 
hemolytic anemia and, 1105¢ 
hyperprolactinemia and, 743¢ 
neutropenia/agranulocytosis and, 1089 
ototoxicity and, 1235¢ 
sinus bradycardia/atrioventricular block and, 573t, 577t 
thrombocytopenia and, 1050¢ 
torsades de pointes and, 533¢, 539t 
weight gain and, 1174 
FAS (fetal alcohol syndrome), 1331-1333 
FASD (fetal alcohol spectrum disorders), 1331-1333, 1332t 
Fast track drug approval, 59 
Fat emulsion, 761¢, 765t 
FDA. See Food and Drug Administration, U.S. 
FDAAA (Food and Drug Administration Amendments Act of 2007), 5, 55, 67 
FD&C (Food, Drug, and Cosmetic) Act of 1938, 5, 47, 48 
FDASIA (Food and Drug Administration Safety and Innovation Act of 2012), 5, 7, 12 
FDEs (fixed drug eruptions), 1027, 105-108, 107—108z, 114¢ 
Febuxostat, 171t, 1136-1137, 11362, 1144 
Federal Food and Drugs Act of 1906, 5 
Felbamate 
acute kidney injury and, 958 
alopecia and, 168¢ 
aplastic anemia and, 1100¢ 
hepatic/cholestatic diseases and, 851t 
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seizures and, 218t, 224 
SIADH and, 983¢ 
sleep disorders and, 348 
tardive dyskinesia and, 254 
Feldman v. Lederle Laboratories (1984), 8, 9t 
Felodipine, 1263t 
gingival hyperplasia and, 1263¢ 
heart failure and, 505, 510, 515 
hypotension and, 633t, 639t 
myocardial ischemia/acute coronary syndromes and, 472 
photosensitivity and, 145¢ 
Females. See Gender differences; Gynecologic diseases 
Female sexual dysfunction, 797—800 
causative agents of, 7831, 797-798 
clinical presentation of, 787t, 798-799 
differential diagnosis of, 788, 799 
epidemiology of, 798 
management of, 7902, 799-800 
mechanisms of, 786t, 798 
morbidity and mortality for, 799 
patient education on, 800 
prevention of, 7892, 799 
risk factors for, 788t, 799 
Fenclofenac, 1271t 
Fenfluramine, 659, 660t, 663-664, 663t, 668-670, 6681, 852 
Fenfluramine—phentermine, 9 
Fenofibrate, 1452, 8492, 879, 1050t, 1136-1137, 1152¢, 1156, 1235¢ 
Fenoldopam, 4721, 6331, 640t, 645t, 953-954 
Fenoprofen, 510t, 956, 1235t 
Fentanyl 
alopecia and, 172 
constipation and, 836¢ 
delirium and, 326 
hypotension and, 636t, 638t 
nausea/vomiting and, 906t¢ 
restrictive drug distribution system for, 7¢ 
secondary adrenal insufficiency and, 736—737t 
serotonin syndrome and, 1203—1204t 
SIADH and, 984¢ 
Fenugreek, 6821, 685¢ 
Ferriman—Gallwey scoring system for hirsutism, 200, 200f 
Ferrous gluconate, 909¢ 
Ferrous salts, 852t 
Ferrous sulfate, 463, 702, 809-810, 810-8114, 9094, 1259¢ 
Fetal alcohol spectrum disorders (FASD), 1331-1333, 1332t 
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Fetal alcohol syndrome (FAS), 1331-1333 
Fever. See Drug fever; Hyperthermia 
FFP (fresh frozen plasma), 245, 1037t 
Fibrates, 1150¢, 1152, 1156 
Fibrinogen inhibitors, 1053, 1057 
Fibrinolytics, 6611, 662, 664, 668-669f, 669 
Fidaxomicin, 829 
Filgrastim, 1714, 1094, 1284, 1288: 
Finasteride 
alopecia and, 188¢, 190-191 
depression and, 376¢, 382 
hirsutism and, 206¢, 207 
myopathy and, 1150+ 
teratogenicity of, 1334t 
Fingolimod, 172, 3012, 570t, 572-574, 573-574t, 582t 
First-degree AV block, 569, 575, 578, 579 
Fish oil, 680t, 684 
5 Rights of Medication Administration, 42 
Fixed drug eruptions (FDEs), 102z, 105-108, 107—108z, 114¢ 
Flecainide 
atrial fibrillation/atrial flutter and, 5821, 584, 587, 587t 
Brugada syndrome and, 546, 547¢, 548 
heart failure and, 502t, 507, 5104, 511, 515 
monomorphic ventricular tachycardia and, 524—525t, 528-530 
neutropenia/agranulocytosis and, 1091, 1091¢ 
ototoxicity and, 1235¢ 
sinus bradycardia/atrioventricular block and, 570t, 573t, 577-S78t 
torsades de pointes and, 5321, 539—540t 
Flibanserin, 7¢ 
Floxuridine, 472t, 8487 
Flucloxacillin, 37, 846t 
Fluconazole, 1267t 
alopecia and, 168¢, 177 
bleeding disorders and, 1031 
cutaneous diseases and, 102—103¢ 
drug interactions with, 39¢ 
myocardial ischemia/acute coronary syndromes and, 4721, 474 
oral erythema multiforme and, 1267t¢ 
thrombocytopenia and, 1050 
torsades de pointes and, 532z, 539t 
vulvovaginal candidiasis and, 790z, 792 
Flucytosine, 145t, 846¢, 1089 
Fludarabine, 570t, 577t, 636t, 640t, 1106, 1235¢ 
Fludrocortisone, 195—196t, 645—648, 646¢, 1013—1014t 
Fluindione, 1029¢ 
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Flumazenil, 4002, 424+ 
Flunarizine, 271t, 273t 
Flunitrazepam, 736—737t 
Fluorine, 702t 
Fluoroquinolones 
allergic reactions to, 73—74t 
anxiety and, 400¢, 403 
delirium and, 328¢ 
depression and, 376t, 377 
diarrhea and, 821, 822t 
drug fever and, 1188¢ 
glucose/msulin dysregulation and, 6821, 685t¢ 
hemolytic anemia and, 1104, 1105¢ 
hepatic/cholestatic diseases and, 8467, 870 
neutropenia/agranulocytosis and, 1095 
photosensitivity and, 143, 150 
psychosis and, 4187 
seizures and, 2184, 222t, 224, 225 
Fluorouracil 
alopecia and, 169¢, 176, 176f 
color changes of oral mucosa and teeth and, 1254¢ 
diarrhea and, 825, 826 
heart failure and, 503t, 510¢ 
hepatic/cholestatic diseases and, 848 
infertility and, 783¢, 786t¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
oral erythema multiforme and, 1267t¢ 
peripheral neuropathy and, 280¢ 
photosensitivity and, 145¢ 
seizures and, 218¢ 
systemic lupus erythematosus and, 126t 
taste disorders and, 1259t, 1261t 
thromboembolic diseases and, 1065t, 1069 
thyroid diseases and, 702t 
valvular/pericardial heart disease and, 661t 
visual disturbances and, 301f, 316 
weight gain and, 1172 
Fluoxetine 
allergic reactions to, 74¢ 
alopecia and, 173¢t 
atrial fibrillation/atrial flutter and, 582t 
AV node re-entrant tachycardia and, 5921, 594 
constipation and, 836t 
delirtum and, 326t, 329t 
drug fever and, 1188¢ 
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drug interactions with, 39¢ 
hyperprolactinemia and, 743¢ 
hypotension and, 646t¢, 647 
myocardial ischemia/acute coronary syndromes and, 472 
nausea/vomiting and, 909f, 920 
ototoxicity and, 1235¢ 
photosensitivity and, 145¢ 
seizures and, 220, 222t 
serotonin syndrome and, 1202, 1203—1204t, 1207 
serum sickness-like reactions and, 11934, 1194 
sexual dysfunction and, 772 
SIADH and, 982t 
sinus bradycardia/atrioventricular block and, 577—578t 
sleep disorders and, 3487, 353 
taste disorders and, 1259t 
teratogenicity of, 1323 
torsades de pointes and, 533, 539—540t 
visual disturbances and, 301 
weight gain and, 1166¢, 1169¢, 1174 
Fluoxymesterone, 167t, 195t 
Flupenthixol, 265 
Fluperlapine, 265 
Fluphenazine 
delirium and, 326 
hepatic/cholestatic diseases and, 851¢ 
neuroleptic malignant syndrome and, 1195, 1195¢ 
photosensitivity and, 145¢ 
SIADH and, 982¢ 
weight gain and, 1167¢ 
Flurazepam, 1259t 
Flurbiprofen, 510¢, 646t, 647 
Flutamide 
alopecia and, 188, 190, 191 
hepatic/cholestatic diseases and, 848¢ 
hirsutism and, 206, 206 
interstitial lung disease/pulmonary fibrosis and, 432 
myocardial ischemia/acute coronary syndromes and, 472t 
photosensitivity and, 145¢ 
systemic lupus erythematosus and, 126t 
teratogenicity of, 1334+ 
thromboembolic diseases and, 1064t, 1068¢ 
Fluticasone, 74t, 439, 732, 733, 739 
Fluticasone furoate, 731t 
Fluticasone propionate, 731t, 736t, 738 
Fluvastatin, 1241, 145z, 878¢, 886¢ 
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Fluvoxamine 
alopecia and, 173¢t 
drug interactions with, 39¢ 
hyperprolactinemia and, 743¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
seizures and, 220 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 772 
SIADH and, 982t 
sleep disorders and, 348¢ 
visual disturbances and, 301¢ 
weight gain and, 11664, 1169¢ 
Focal atrial tachycardia. See Atrial tachycardia 
Folate, 1107, 1108, 1328, 1329 
FOLFIRI regimen, 433 
FOLFOX regimen, 433 
Folic acid 
drug fever and, 1188¢ 
gingival hyperplasia and, 1264, 1265 
hepatic/cholestatic diseases and, 866 
macrocytic anemia and, 1107—1109 
teratogenicity of, 1328, 1329 
Follicle-stimulating hormone (FSH), 767, 770, 783, 793, 800, 1065t, 1069¢ 
Follitropin-alfa, 1065¢, 1069 
Fondaparinux, 4877, 1026t, 1029t, 1039, 1055, 1076 
Food, Drug, and Cosmetic (FD&C) Act of 1938, 5, 47, 48 
Food allergies, 824-825 
Food and Drug Administration, U.S. (FDA) 
Adverse Event Reporting System of, 4, 6, 24, 31, 381, 882 
on anorexiant drug—related cardiac valvulopathy, 663, 664 
on aristolochic acid, 969, 975 
on bipolar disorder, 378 
on bisphosphonates, 581, 583 
on cabergoline labeling, 662 
Center for Drug Evaluation and Research, 13 
clinically relevant weight gain as defined by, 1167 
on COX-2 inhibitors, 230, 231, 942 
on dietary supplements, 969, 975, 976 
DigniCap approval by, 186 
electrolysis approval by, 205 
on erythrocyte stimulating agents, 1111 
on estrogen labeling, 475 
fast track approval by, 59 
on GBL-containing products, 1215 
on hepatosplenic T-cell lymphoma, 1292 
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on HIT treatments, 1058 
insomnia treatments approved by, 353 
interpretation of reports to, 474 
interstitial lung disease/pulmonary fibrosis therapies approved by, 431, 440 
on isotretinoin and depression, 384, 387 
medication error prevention efforts by, 42 
medication guidelines required by, 392 
MedWatch program from, 6, 15, 50, 66-67 
on metoclopramide product labeling, 261 
on montelukast-induced anxiety, 404 
on NSAIDs and stoke risk, 230, 231 
orthostatic hypotension treatments approved by, 646-647 
on pancreatitis, 884, 885 
on pergolide labeling, 661 
phenylpropanolamine banned by, 242 
postmarketing surveillance by. See Postmarketing surveillance 
promethazine warnings from, 922 
on quinine, 1052 
regulatory functions of, 19 
risk-benefit balance used by, 20 
on rosiglitazone, 476 
safety activities and regulations, 4—8, 47, 14-15 
Science Board report from, 14, 15 
Sentinel Network of, 55, 57, 67 
SIADH treatments approved by, 989-990 
on SSRI-induced hyponatremia, 988 
on teratogenicity, 32, 1311-1312, 1320 
terfenadine-related TdP reported to, 539 
on testosterone use, 476 
on thyroid diseases in infants, 709 
varenicline advisory issued by, 402 
withdrawal of products from market, 3 
Food and Drug Administration Amendments Act of 2007 (FDAAA), 5, 55, 67 
Food and Drug Administration Safety and Innovation Act of 2012 (FDASIA), 5, 7, 12 
Food—drug interactions, 40-41 
Formoterol, 473t, 879 
Fosamprenavir, 92, 1267t¢ 
Fosaprepitant, 926 
Foscarnet 
acidosis and, 1003t 
acute kidney injury and, 944, 952, 957 
allergic reactions to, 87 
diabetes insipidus and, 991t, 993 
heart failure and, 503t, 509 
SIADH and, 984¢ 
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thromboembolic diseases and, 1065¢, 1069 
Fosinopril, 145¢, 6322, 638t, 1254¢ 
Fosphenytoin, 88, 112, 6341, 6401, 6452, 991¢ 
Free fatty acids, 702t 
Fresh frozen plasma (FFP), 245, 1037t¢ 
FSH. See Follicle-stimulating hormone 
2(3H)-furanone, 1215 
Furosemide 
acute kidney injury and, 9447, 954, 957 
aplastic anemia and, 1100¢ 
AV node re-entrant tachycardia and, 592-594, 592—594t 
constipation and, 836t, 837 
drug fever and, 1188¢ 
graded challenge procedure for, 88 
hepatic/cholestatic diseases and, 870 
hypotension and, 633t, 638¢ 
neutropenia/agranulocytosis and, 1089¢ 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
ototoxicity and, 1235t, 1242, 1243 
pancreatitis and, 8787, 883, 886t, 891 
photosensitivity and, 145z, 150 
SIADH and, 989, 989¢ 
taste disorders and, 1258, 1259 
thyroid diseases and, 702t 
visual disturbances and, 301 
Fusidic acid, 847t 
Fusion proteins, 95 
The Future of Drug Safety (IOM), 53 


GABA. See Gamma-aminobutyric acid 
Gabapentin 
alopecia and, 168¢ 
anxiety and, 4007, 402, 404, 407 
cognitive disorders and, 367 
depression and, 379 
hepatic/cholestatic diseases and, 852t 
nausea/vomiting and, 923—924 
oral lichenoid reactions and, 1271t 
peripheral neuropathy and, 289 
for seizure disorders, 95 
sexual dysfunction and, 759t 
tardive dyskinesia and, 254 
teratogenicity of, 1319, 1331 
visual disturbances and, 301 
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weight gain and, 1166f, 1169, 11692, 1170, 1173¢ 
Galantamine, 6337, 640¢ 
Gallamine, 452r 
Gamma-aminobutyric acid (GABA) 
cognitive disorders and, 360 
delirium and, 329 
depression and, 386 
dystonia and, 266 
hyperthermia and, 1186 
hypothermia and, 1215, 1216 
seizures and, 222, 226 
serotonin syndrome and, 1205 
tardive dyskinesia and, 261 
Gamma-butyrolactone (GBL), 1215, 1215-12164, 1217 
Gamma-hydroxybutyrate (GHB), 1186, 1215—1216f, 1215-1217 
Gamma-hydroxybutyric acid, 570¢, 73 1¢ 
Ganciclovir, 145t, 416t, 9844, 1089¢, 1188 
GAO (Government Accountability Office), 12-13 
Garcinia cambogia, 850t 
Garlic, 850t 
Gastric motility agents, 255t, 260¢, 261, 266t, 271t 
Gastrointestinal (GI) drugs, 26t, 742, 850t 
Gastromtestinal ulceration. See Upper gastrointestinal ulceration 
Gastroschisis, 1326-1327, 1326f 
Gatifloxacin, 328¢, 532t, 539t 
GBL (gamma-butyrolactone), 1215, 1215—1216¢, 1217 
G-CSF. See Granulocyte colony-stimulating factor 
Gefitinib 
alopecia and, 169¢, 177, 179¢ 
cutaneous diseases and, 102t 
interstitial lung disease/pulmonary fibrosis and, 4321, 434, 437, 438 
restrictive drug distribution system for, 7t 
Gell and Coombs classification of allergic reactions, 79-81, 80t 
Gemcitabine 
alopecia and, 169¢ 
hepatic/cholestatic diseases and, 848¢ 
interstitial lung disease/pulmonary fibrosis and, 432t, 435t 
myocardial ischemia/acute coronary syndromes and, 472 
systemic lupus erythematosus and, 126t 
thromboembolic diseases and, 1065t, 1069 
visual disturbances and, 301 
Gemfibrozil 
hepatic/cholestatic diseases and, 8491, 868 
myopathy and, 1152z, 1156 
sexual dysfunction and, 759t, 763t 
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systemic lupus erythematosus and, 124¢ 
Gemifloxacin, 145t 
Gender differences 
in alopecia, 178, 180, 181t, 183, 184 
in asthma and bronchospasm, 459-460 
in constipation, 836 
cutaneous diseases and, 111 
in drug allergies and hypersensitivity reactions, 86, 87 
gingival hyperplasia and, 1264 
in gout and hyperuricemia, 1143 
intracerebral hemorrhage and, 242—243 
in malignant hyperthermia, 1210 
in nausea and vomiting, 917 
in neuroleptic malignant syndrome, 1196 
oral erythema multiforme and, 1269 
oral lichenoid reactions and, 1273 
in prevalence of drug-induced diseases, 3 1—32 
systemic lupus erythematosus and, 132, 133 
taste disorders and, 1261 
in thyroid diseases, 704, 713 
torsades de pointes and, 538 
General anesthetics, 850t 
Genetic biomarkers, 16 
Genetic factors 
anemia and, 1099-1100 
anxiety and, 408—409 
in bleeding disorders, 1031 
in cognitive disorders, 365 
cutaneous diseases and, 111-112 
in drug allergies and hypersensitivity reactions, 86—87 
in drug-induced diseases, 15—16, 16t, 32, 34-38, 36t 
gingival hyperplasia and, 1265 
in hypotension, 643 
in interstitial lung disease/pulmonary fibrosis and, 437 
leukemia and, 1290 
myopathy and, 1156-1157 
in peripheral neuropathy, 285 
serotonin syndrome and, 1206—1207 
systemic lupus erythematosus and, 129 
torsades de pointes and, 540—541 
Gentamicin 
acute kidney injury and, 952—953, 955 
allergic reactions to, 73¢ 
alopecia and, 174¢, 179t 
neutropenia/agranulocytosis and, 1089¢ 
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ototoxicity and, 1235t, 1241, 1243 
visual disturbances and, 301t, 319 
Geriatric populations. See Elderly populations 
Germander, 850t 
Gestational timing, 1314 
Gestodene, 1075 
GH. See Growth hormone 
GHB (gamma-hydroxybutyrate), 1186, 1215-12164, 1215-1217 
GHIH (growth hormone-inhibitng hormone), 747 
GHRH (growth hormone-releasing hormone), 747, 748 
GI (gastrointestinal) drugs, 26t, 742, 850t 
Ginger, 924, 927 
Gingival hyperplasia, 1262—1265 
causative agents of, 1253, 1262-1263, 1263t 
clinical presentation of, 1256t, 1264 
differential diagnosis of, 12571, 1264 
epidemiology of, 1263 
management of, 1265 
mechanisms of, 1264, 1264t 
morbidity and mortality for, 1265 
patient education on, 1265 
prevention of, 1265, 1265 
risk factors for, 1258t, 1264-1265 
Ginkgo biloba, 219¢, 221, 264, 3012, 5242, 822 
Ginseng, 219t, 6822, 685t, 782t, 785t, 795 
Glatiramer acetate, 383 
Glial-derived neurotrophic factor, 1242 
Glimepiride, 146t, 983 
Glipizide, 35, 146¢, 983, 1270, 1271 
Glitazones, 503t, 505—506, 511, 513, 514¢ 
Glomerulonephritis, 9432, 946t, 958-960 
Glucagon, 98, 580, 870 
Glucagon-like peptide 1 (GLP-1) receptor agonists 
diarrhea and, 822t 
glucose/insulin dysregulation and, 682, 685t 
nausea/vomiting and, 9112, 915 
pancreatitis and, 8797, 884 
weight gain and, 1175t 
Glucocorticoid excess. See Cushing syndrome 
Glucocorticoids 
anxiety and, 4007, 402, 408 
cognitive disorders and, 358-359, 360 
Cushing syndrome and, 730, 731t, 732-734 
delirium and, 329 
glucose/insulin dysregulation and, 679, 680t, 684 
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growth hormone deficiency and, 747, 748¢ 
hemolytic anemia and, 1107 
hirsutism and, 194, 206t, 207 
inhaled, 7311, 733-735, 736t, 738, 741, 1127 
injectable, 731t, 736t 
myopathy and, 1156 
nasal, 731t, 733-735, 736t, 738, 741 
nausea/vomiting and, 922 
oral, 731t, 736t, 739-741 
osteoporosis/osteomalacia and, 1120-1122, 1121¢, 11234, 1125-1127, 1126¢, 1130 
pancreatitis and, 882 
pharmacologic characteristics of, 739t 
production of, 729 
secondary adrenal insufficiency and, 735—736, 737t, 738-741 
systemic, 1121¢, 1123+, 1126¢, 1127 
thyroid diseases and, 702t 
topical, 7311, 733-735, 736t, 739, 741 
weight gain and, 1167¢, 1172, 11734, 1175¢ 
Glucosamine-chondroitin, 452 
Glucosamine/glucosamine sulfate, 822, 835 
Glucose and insulin dysregulation, 679-690. See also Diabetes insipidus; Diabetes mellitus; Hyperglycemia; 
Hypoglycemia 
causative agents of, 679-681, 680—683¢ 
clinical presentation of, 683, 686, 686 
differential diagnosis of, 686, 687t¢ 
epidemiology of, 681, 683 
management of, 689-690, 690t 
mechanisms of, 683, 684—685t 
morbidity and mortality for, 688—689 
patient education on, 690 
prevention of, 689, 689¢ 
risk factors for, 687-688, 687—688t 
Glucose Race Age Sex Pressure Stroke Severity (GRASPS) clinical risk score, 241—242 
Glucose-6-phosphate dehydrogenase (G6PD) deficiency, 15, 1099-1100, 1106, 1190 
Glue sniffing, 473¢ 
Glue thistle, 850-851 
Glutamate, 261, 329, 332-333, 360, 386, 418, 1329 
Glutamine, 287t 
Glutathione 
anemia and, 1100 
chronic kidney disease and, 970 
heart failure and, 515 
hepatic/cholestatic diseases and, 856, 864, 866 
neutropenia/agranulocytosis and, 1091 
ototoxicity and, 1242t, 1243 
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Glyburide, 1467, 505, 9834, 1050 
Glycerin, 8402, 1235t 
Glycoprotein IIb/IIIa receptor antagonists 
bleeding disorders and, 1026¢, 1027-1029, 10292, 1033, 1039 
intracerebral hemorrhage and, 238¢, 239, 240¢, 2421, 243 
myocardial ischemia/acute coronary syndromes and, 486, 487¢ 
thrombocytopenia and, 1052, 1057 
Glycopyrrolate, 930 
Glycyrrhizic acid, 1013—1014¢ 
GM-CSF (granulocyte macrophage colony-stimulating factor), 1064+, 1068z, 1094-1096 
GnRH agonists. See Gonadotropin-releasing hormone agonists 
GnRH (gonadotropin-releasing hormone) antagonists, 758—759t, 763—764t 
Goa powder, 301 
Goiter, 697, 704, 705, 708, 711, 713, 714 
Goitrogens, 701t, 713 
Gold 
acute kidney injury and, 9432, 959 
alopecia and, 172t, 177 
color changes of oral mucosa and teeth and, 1254—1255t 
hepatic/cholestatic diseases and, 853 
oral erythema multiforme and, 1267¢ 
visual disturbances and, 301 
Gold salts 
aplastic anemia and, 1100t 
chronic kidney disease and, 966t, 970t 
hepatic/cholestatic diseases and, 861t 
oral lichenoid reactions and, 1271t 
peripheral neuropathy and, 28 1¢ 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1050¢, 1052t 
Gold sodium thiomalate, 472t 
Gold therapy, 174, 959, 1052-1053 
Golimumab, 1732, 1297 
Gonadotropin-releasing hormone (GnRH) agonists 
alopecia and, 171t, 176, 179¢ 
anxiety and, 400t, 403, 405r, 406 
depression and, 376¢, 381, 385, 387, 390, 391 
glucose/msulin dysregulation and, 680t, 684 
growth hormone deficiency and, 747—748, 748 
hirsutism and, 206¢, 207 
hyperprolactinemia and, 743—744t 
infertility and, 790t, 801 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
ovarian hyperstimulation and, 781, 782t, 783, 785t, 789, 790t 
sexual dysfunction and, 758—759t, 762—765t 
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vaginal bleeding disorders and, 794, 796 
Gonadotropin-releasing hormone (GnRH) antagonists, 758—759t, 763—764t 
Gonadotropins, 781, 782t, 783, 784, 785t 
Gordolobo tea, 850t 
Goserelin, 1712, 403, 782t, 785t, 796, 10642, 1068z 
Gotu kola, 146r 
Gout and hyperuricemia, 1135-1146 

causative agents of, 1135, 1136t 

classification of, 1141, 1142—1143¢ 

clinical presentation of, 1140-1141, 1140¢ 

differential diagnosis of, 1141, 1141¢ 

epidemiology of, 1135 

management of, 1712, 179¢, 1144-1145, 1145f 

mechanisms of, 1135-1140, 1136+ 

morbidity and mortality for, 1143 

patient education on, 1046 

prevention of, 1143-1144, 1144r 

risk factors for, 1143, 1143¢ 
Government Accountability Office (GAO), 12—13 
Graded challenge procedures, 88—90, 92, 95, 98 
Granisetron 

constipation and, 836t 

nausea/vomiting and, 918, 919, 922, 9247, 926, 928, 928-929t 

sexual dysfunction and, 783¢, 786t 

sinus bradycardia/atrioventricular block and, 570t 
Granulocyte colony-stimulating factor (G-CSF) 

cutaneous diseases and, 101, 102—103¢ 

leukemia and, 1284, 1287, 1289, 1291 

neutropenia/agranulocytosis and, 1094-1096 

thromboembolic diseases and, 1064t, 1068¢ 
Granulocyte macrophage colony-stimulating factor (GM-CSF), 1064¢, 10687, 1094-1096 
Granulocytopenia, 83—84 
Grapefruit juice, 40—41 
GRASPS (Glucose Race Age Sex Pressure Stroke Severity) clinical risk score, 241—242 
Gregg, Norman, 1312 
Grepafloxacin, 541 
Griseofulvin 

cutaneous diseases and, 102t 

hepatic/cholestatic diseases and, 847t 

neutropenia/agranulocytosis and, 1089 

oral erythema multiforme and, 1267t¢ 

oral lichenoid reactions and, 1271t 

photosensitivity and, 146¢ 

serum sickness-like reactions and, 1193¢ 

systemic lupus erythematosus and, 125¢, 130 
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Growth hormone (GH). See also Growth hormone deficiency 
cutaneous diseases and, 103¢ 
glucose/insulin dysregulation and, 684¢ 
synthesis of, 729, 747 
thyroid diseases and, 702t 
Growth hormone deficiency, 747-751 
causative agents of, 747, 748¢ 
clinical presentation of, 748-749, 749t 
differential diagnosis of, 749, 749t 
epidemiology of, 747 
management of, 750, 750t 
mechanisms of, 747—748, 748 
morbidity and mortality for, 749 
patient education on, 750—751 
prevention of, 750, 750t 
risk factors for, 745t, 749 
Growth hormone-inhibiting hormone (GHIH), 747 
Growth hormone-releasing hormone (GHRH), 747, 748 
Guanabenz, 573t, 577t, 633t, 639t 
Guanethidine, 3021, 376t, 378, 385, 385t, 759t, 765t 
Guanfacine, 416t, 6331, 6391, 836t 
Guanoxan, 124t 
Guarana, 4002, 404, 4052, 409 
Gynecologic diseases, 781-802 
infertility, 800-802 
ovarian hyperstimulation, 78 1—790 
sexual dysfunction, 797-800 
vaginal bleeding disorders, 793-797 
vulvovaginal candidiasis, 790-792 


HA-AKI (hospital-acquired acute kidney injury), 941-942 
HAART (highly active antiretroviral therapy), 701, 704, 710, 920 
Hair growth, excessive. See Hirsutism; Hypertrichosis 
Hair growth cycle, 165, 166f, 178 
Hair loss. See Alopecia 
Halo effect, 22 
Halofantrine, 532t 
Haloperidol 

alopecia and, 173¢t 

anxiety and, 405 

cannabinoids and, 33 

cognitive disorders and, 369 

delirmm and, 326t, 337-340 

drug fever and, 1188¢ 

drug interactions with, 40 

dystonia and, 266 
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hepatic/cholestatic diseases and, 852t 
hyperprolactinemia and, 742 
hypotension and, 635t, 639t 
hypothermia and, 1216¢ 
nausea/vomiting and, 924t, 927t, 929t 
neuroleptic malignant syndrome and, 1195, 1195z, 1199 
photosensitivity and, 1467, 154 
seizures and, 218¢ 
serotonin syndrome and, 1209 
sexual dysfunction and, 758-7601, 764t, 798 
SIADH and, 9822, 990 
stroke and, 230t 
tardive dyskinesia and, 261, 265 
thrombocytopenia and, 1051¢ 
thyroid diseases and, 702t 
torsades de pointes and, 5321, 536, 537f, 538, 5402, 542 
weight gain and, 1167¢, 11694, 1171 
Halothane 
hepatic/cholestatic diseases and, 850t 
hypotension and, 634¢t 
malignant hyperthermia and, 1209¢, 1210, 1211 
nausea/vomiting and, 906t¢ 
sinus bradycardia/atrioventricular block and, 570t, 578¢ 
Hansen disease, 6 
Haptens 
acute kidney injury and, 956, 958 
in allergic and hypersensitivity reactions, 76, 78—79, 81 
aplastic anemia and, 1101 
in drug fever, 1187 
drugs as, 1052 
hemolytic anemia and, 1104 
neutropenia/agranulocytosis and, 1091 
photosensitivity and, 149 
systemic lupus erythematosus and, 127 
Haronga, 302t 
Health Alert Network, 53 
Health care costs of drug-induced diseases, 26-29, 27t 
Health economic assessments, 27, 27t 
Health Insurance Portability and Accountability Act of 1996 (HIPAA), 66-67 
Hearing loss, 1233, 1239-1243, 1240t 
Heart disease. See Coronary heart disease (CHD); Valvular and pericardial heart disease 
Heart failure, 501-517 
causative agents of, 501-505, 502—504t 
clinical presentation of, 512-513, 513¢ 
comorbidity with drug-induced diseases, 34 
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differential diagnosis of, 512, 513¢ 

epidemiology of, 505—509 

management of, 516 

mechanisms of, 509-512, 510t 

morbidity and mortality for, 514-515 

patient education on, 516-517 

prevention of, 515-516, 515¢ 

risk factors for, 513-514, 514¢ 
Heavy metals/toxins, 171¢, 179¢, 1255t 
Hematopoietic agents, 1064t, 10687 
Hematopoietic stem cell transplantation (HSCT), 1104, 1292 
Hemodynamic-mediated AKI, 942-949 

causative agents of, 942, 943—944r 

clinical presentation of, 945-946, 946t 

differential diagnosis of, 946, 946t 

epidemiology of, 942, 944 

management of, 948-949 

mechanisms of, 944—945, 945t 

morbidity and mortality for, 947-948 

patient education on, 949 

prevention of, 948, 9487 

risk factors for, 946-947, 947t 
Hemolytic anemia, 1104-1107 

causative agents of, 86, 1104, 1105—1106¢, 1109 

clinical presentation of, 83-84, 1102r, 1106 

differential diagnosis of, 1106 

epidemiology of, 1104 

management of, 1107 

mechanisms of, 1101¢, 1104, 1106 

morbidity and mortality for, 1106 

patient education on, 1107 

prevention of, 1106-1107 

risk factors for, 11034, 1106 
Hemorrhagic stroke. See Intracerebral hemorrhage (ICH) 
Hemostatic agents, 1037t, 1039, 1064, 1067, 1068¢ 
Henbane, 302t 


Heparin/heparinoids. See also Heparin-induced thrombocytopenia (HIT); Low-molecular-weight heparin 
(LMWH); Unfractionated heparin 


acidosis and, 1003+ 

allergic reactions to, 75t¢ 

alopecia and, 166, 167¢, 177, 178, 183 
contaminated, 4 

drug fever and, 1188¢ 

as inflammatory mediator, 81 

interstitial lung disease/pulmonary fibrosis and, 440 
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intracerebral hemorrhage and, 238¢, 239, 240, 2401, 2421, 243, 245 

myocardial ischemia/acute coronary syndromes and, 472t, 480, 486, 487¢ 

osteoporosis/osteomalacia and, 1121¢, 1124¢, 1126¢ 

ovarian hyperstimulation and, 789 

sexual dysfunction and, 761t, 765¢ 

stroke and, 235 

thromboembolic diseases and, 1064¢, 1067, 1068¢, 1075t 

thyroid diseases and, 702t 

visual disturbances and, 302t 
Heparin-induced thrombocytopenia (HIT) 

causative agents of, 1050, 10514, 1067 

clinical presentation of, 1054¢, 1055 

management of, 1057-1059, 1076 

mechanisms of, 1052¢, 1053 

morbidity and mortality for, 1056 

prevention of, 1056-1057, 1057¢ 

risk factors for, 1056, 1056t 
Hepatic and cholestatic diseases, 845-873 

causative agents of, 845, 846—-853r 

clinical presentation of, 858-862, 859-861t 

comorbidity with drug-induced diseases, 34 

differential diagnosis of, 860, 861 

epidemiology of, 845, 853 

management of, 865-872, 867t 

mechanisms of, 854—855t, 855-858 

morbidity and mortality for, 865 

patient education on, 872—873 

prevention of, 865, 865¢ 

risk factors for, 862-865, 863t 

systemic lupus erythematosus and, 130 
Hepatitis B vaccine, 126t, 1235t, 1267¢, 1271t 
Hepatocellular injury, 854t, 856-857, 862 
Hepatosplenic T-cell lymphoma (HSTCL), 1292, 1293 
Hepatotoxicity, 33-34, 39, 845, 853, 855-857, 865-868 
HER (human epidermal growth factor receptor), 177 
Herbal preparations. See also specific substances 

alkalosis and, 1017 

anxiety and, 399, 402 

constipation and, 835 

delirmm and, 330 

diarrhea and, 822, 825, 827 

heart failure and, 517 

hepatic/cholestatic diseases and, 845, 850—851t 

interstitial lung disease/pulmonary fibrosis and, 433 

intracerebral hemorrhage and, 238¢, 243, 246 
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psychosis and, 415, 420, 423 
seizures and, 219¢, 221 
sexual dysfunction and, 774 
thrombocytopenia and, 1049 
visual disturbances and, 313 
Herb paris, 302 
Herd immunity, 29 
Heroin 
acute kidney injury and, 959 
asthma/bronchospasm and, 452t 
color changes of oral mucosa and teeth and, 1254¢ 
interstitial lung disease/pulmonary fibrosis and, 433 
intracerebral hemorrhage and, 238r, 240 
myocardial ischemia/acute coronary syndromes and, 473t 
ototoxicity and, 1239 
stroke and, 230—23 1t, 232 
thyroid diseases and, 702t 
Hetastarch, 75t¢ 
Hexachloroethane, 849t 
Hexachlorophene, 146 
HIE (hyperinsulinemia-euglycemia) therapy, 580 
High blood pressure. See Hypertension 
Highly active antiretroviral therapy (HAART), 701, 704, 710, 920 
Hill, Austin Bradford, 22 
HIPAA (Health Insurance Portability and Accountability Act of 1996), 66-67 
Hippocrates, 20 
Hirsutism, 193-208 
causative agents of, 194, 195¢ 
clinical presentation of, 193-194, 199-201, 200—201t 
differential diagnosis of, 201, 201¢ 
epidemiology of, 197-198 
Ferriman—Gallwey scoring system for, 200, 200f 
management of, 203—207, 204—206t 
mechanisms of, 198, 199¢ 
morbidity and mortality for, 203 
patient education on, 207—208 
prevention of, 203, 203¢ 
risk factors for, 202, 202t 
Hirudin, 239 
Histamine H1-receptor antagonists, 98, 353, 644, 869, 1207-1208 
Histamine Hj-receptor antagonists 


acute kidney injury and, 943¢ 

allergic reactions and, 75t, 98 

alopecia and, 171t, 179¢ 

cognitive disorders and, 358-3591, 366 
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delirtum and, 325, 328¢ 
depression and, 385 
hemolytic anemia and, 1104, 1105¢ 
hepatic/cholestatic diseases and, 850t, 864 
hyperprolactinemia and, 743—744¢ 
pancreatitis and, 880, 887 
psychosis and, 416t 
sexual dysfunction and, 759t 
thrombocytopenia and, 1054 
Histamines, 81, 511, 644, 1192 
HIT. See Heparin-induced thrombocytopenia 
HIV/AIDS. See also Antiretroviral therapy 
anxiety and, 404 
appetite stimulants in, 33 
cognitive disorders and, 362 
color changes of oral mucosa and teeth and, 1253 
congenital heart defects and, 1324 
cutaneous diseases and, 110, 111 
delirmm and, 333 
depression and, 378 
drug fever and, 1190 
hypersensitivity reactions and, 86, 87 
hypertrichosis and, 199 
insulin resistance and, 690 
levels of evidence for, 21 
macrocytic anemia and, 1107 
myopathy and, 1154, 1156, 1159 
nausea/vomiting and, 920, 929-930 
pancreatitis and, 879-880, 882, 890, 891 
parkinsonism and, 272 
peripheral neuropathy and, 279, 282, 285, 288, 289 
photosensitivity and, 153 
thrombocytopenia and, 1049 
thyroid diseases and, 701, 704, 710 
HLA. See Human leukocyte antigen 
HMG-CoA reductase inhibitors 
acute kidney injury and, 954 
constipation and, 836 
glucose/insulin dysregulation and, 6801, 6842, 689 
interstitial ling disease/pulmonary fibrosis and, 432t, 435t 
psychosis and, 4187 
sexual dysfunction and, 758t, 763t 
systemic lupus erythematosus and, 124f, 132 
HMG-CoA (hydroxy-3-methyl- glutaryl coenzyme A) reductase inhibitors, 385, 880 
Hodgkin lymphoma, 1284-1286, 1291-1293 
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Hogweed, 302t 
Holiday heart syndrome, 581 
Hormone-replacement therapy (HRT) 
alopecia and, 176, 178, 184 
breast cancer and, 1298-1301 
endometrial cancer and, 1301, 1302 
hirsutism and, 194 
hypertension and, 621 
myocardial ischemia/acute coronary syndromes and, 474, 475, 482 
sleep disorders and, 351 
stroke and, 229, 230t, 235t 
thromboembolic diseases and, 10642, 1068t, 1074, 1075r 
vulvovaginal candidiasis and, 782t, 785t, 791 
Hormones 
adrenocorticotropic. See Adrenocorticotropic hormone (ACTH) 
alopecia and, 175-176 
a-melanocyte-stimulating hormone, 1242 
antidiuretic. See Vasopressin 
anxiety and, 399, 402-403, 406 
color changes of oral mucosa and teeth and, 1255¢ 
corticotropin-releasing, 729, 734-735, 737-739, 741 
depression and, 375, 376t, 381-382 
follicle-stimulating. See Follicle-stimulating hormone (FSH) 
GH-inhibiting, 747 
GH-releasing, 747, 748 
GnRH agonists. See Gonadotropin-releasing hormone agonists 
GnRH antagonists, 758—759t, 763—764¢ 
growth. See Growth hormone; Growth hormone deficiency 
hyperprolactinemia and, 743¢ 
luteinizing, 729, 766, 767, 783, 793, 800 
myocardial ischemia/acute coronary syndromes and, 473t 
sex. See Sex hormones 
steroid. See Steroids 
thromboembolic diseases and, 1067, 1077 
thyroid, 4012, 403, 411, 4732, 7032, 1126t 
thyroid releasing, 697, 698f 
thyroid stimulating, 697, 698/, 700-701, 704, 707-715 
vaginal bleeding disorders and, 795 
weight gain and, 1167¢, 1169¢, 1172-1173 
Horse chestnut, 302+ 
Hospital-acquired acute kidney injury (HA-AKJ), 941-942 
Hospital admissions, drug-related, 25—29, 26f, 38 
HPA axis. See Hypothalamic—pituitary—adrenal axis 
HPV (human papillomavirus) vaccine, 1296 
HRT. See Hormone-replacement therapy 


2621 


HSCT (hematopoietic stem cell transplantation), 1104, 1292 
HSTCL (hepatosplenic T-cell lymphoma), 1292, 1293 
5-HT3 antagonists, 836 
Human epidermal growth factor receptor (HER), 177 
Human leukocyte antigen (HLA) 
aplastic anemia and, 1104 
cutaneous diseases and, 111-112 
in drug allergies and hypersensitivity reactions, 32, 35, 37-38, 86, 88 
malignant hyperthermia and, 1186 
oral erythema multiforme and, 1269 
pancreatitis and, 881 
systemic lupus erythematosus and, 129, 134 
Human papillomavirus (HPV) vaccine, 1296 
Human relaxin, 782t, 785t, 795 
Huperzine A, 302t 
Hyaluronic acid, 302 
Hyaluronidase, 1235t 
Hydantoin, 133, 197¢ 
Hydralazine 
acute kidney injury and, 943¢ 
allergic reactions to, 74t, 85, 86 
cutaneous diseases and, 103¢ 
drug fever and, 1188¢ 
drug interactions with, 40 
genetic variations affecting, 36¢ 
heart failure and, 503t, 509 
hepatic/cholestatic diseases and, 847t 
hypotension and, 633¢, 640t, 644 
myocardial ischemia/acute coronary syndromes and, 472t, 477t 
neutropenia/agranulocytosis and, 1089¢ 
oral erythema multiforme and, 1267t¢ 
peripheral neuropathy and, 281¢, 285 
sexual dysfunction and, 761t, 765t 
systemic lupus erythematosus and, 124t, 127-130, 128¢, 1314, 133-134 
valvular/pericardial heart disease and, 661, 662 
Hydrazines, 126t, 132 
Hydriodic acid syrup, 706¢ 
Hydrocephaly, 1329, 1331 
Hydrochlorothiazide 
allergic reactions to, 94 
desensitization to, 95 
diabetes insipidus and, 991t, 993, 993t 
drug fever and, 1188¢ 
gout/hyperuricemia and, 1138 
hypotension and, 633t, 638¢ 
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neutropenia/agranulocytosis and, 1089¢ 

oral lichenoid reactions and, 1271t 

ototoxicity and, 1235¢ 

pancreatitis and, 8782, 879, 880, 883, 8867, 891 

photosensitivity and, 146¢, 150 

systemic lupus erythematosus and, 124, 132 

thrombocytopenia and, 1051¢ 

visual disturbances and, 302t 
Hydrocodone, 836t, 906t, 921, 1233, 1235t 
Hydrocortisone 

alopecia and, 171t¢ 

for cutaneous diseases, 113 

hepatic/cholestatic diseases and, 868 

hirsutism and, 195t 

hypertrichosis and, 196¢ 

pharmacologic characteristics of, 739t 

photosensitivity and, 146¢ 

secondary adrenal insufficiency and, 740, 741 
Hydrocortisone butyrate, 731t, 736t 
Hydrocortisone sodium succinate, 452¢ 
Hydromorphone, 218, 636t, 638¢, 736—737t, 836t, 906t 
Hydroxocobalamin, 1467 
3-hydroxy-3-methyl-glutaryl coenzyme A (HMG-CoA) reductase inhibitors, 385, 880 
Hydroxychloroquine 

color changes of oral mucosa and teeth and, 1254¢ 

cutaneous diseases and, 103¢ 

hepatic/cholestatic diseases and, 847t 

myopathy and, 1150, 1152¢, 1153 

neutropenia/agranulocytosis and, 1089¢ 

oral lichenoid reactions and, 1271t 

ototoxicity and, 1235¢ 

seizures and, 218t, 225 

sinus bradycardia/atrioventricular block and, 573t 

torsades de pointes and, 533+ 

visual disturbances and, 295, 302, 312, 313, 318-319 
5-hydroxytryptamine (SHT). See also Serotonin 

depression and, 378 

hypotension and, 647 

hypothermia and, 1216 

nausea/vomiting and, 912, 914, 918-920, 922-929, 927¢ 

neuroleptic malignant syndrome and, 1196 

psychosis and, 418 

secondary adrenal insufficiency and, 737 

serotonin syndrome and, 1203, 1204, 1208 

SIADH and, 986 
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stroke and, 232 

vaginal bleeding disorders and, 795 

valvular/pericardial heart disease and, 659, 663, 664, 669 
5-hydroxytryptophan, 256, 302t, 478, 986 
Hydroxyurea 

color changes of oral mucosa and teeth and, 1254¢ 

drug fever and, 1188¢ 

hepatic/cholestatic diseases and, 848¢ 

interstitial lung disease/pulmonary fibrosis and, 432 

macrocytic anemia and, 1107 

myocardial ischemia/acute coronary syndromes and, 472¢ 

pancreatitis and, 890 

photosensitivity and, 146¢ 

systemic lupus erythematosus and, 126t 
Hydroxyzine, 533t, 761t 
Hyoscine patches, 302t 
Hyperacusis, 1233 
Hyperaldosteronism, 751 
Hyperglycemia 

causative agents of, 679-681, 680-68 It 

clinical presentation of, 683, 686, 686t¢ 

differential diagnosis of, 686, 687t¢ 

epidemiology of, 681, 683 

management of, 690, 690t, 870 

mechanisms of, 683, 684t 

morbidity and mortality for, 688—689 

patient education on, 690 

risk factors for, 687, 687t 
Hyperinsulinemia-euglycemia (HIE) therapy, 580 
Hyperkalemia, 946, 948, 949, 956, 959 
Hyperprolactinemia, 742—747 

causative agents of, 742, 743—744t 

clinical presentation of, 742, 744-745, 745t 

differential diagnosis of, 744-745, 745t 

epidemiology of, 742 

management of, 746, 747t¢ 

mechanisms of, 742, 744t 

morbidity and mortality for, 746 

patient education on, 746-747 

prevention of, 746, 746t 

risk factors for, 745—746, 745t 
Hypersensitivity reactions. See Drug hypersensitivity reactions (DHRs) 
Hypersensitivity syndromes, 75t, 841, 99t, 109 
Hypersensitivity vasculitis, 74¢, 83-841, 84-85 
Hypertension, 617—627 
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acute, 232, 240 
causative agents of, 617, 618¢ 
chronic thromboembolic pulmonary, 1074 
clinical presentation of, 621-622, 621t 
differential diagnosis of, 201t, 622, 622 
epidemiology, 617-619 
management of, 624-626, 6251, 942 
mechanisms of, 619-621, 620t 
morbidity and mortality for, 623 
patient education on, 626-627 
prevention of, 623-624, 624t 
primary, 617, 622—624, 6221, 626 
rebound, 621, 625t, 626, 627 
risk factors for, 622—623, 622t 
secondary, 617, 622, 622t, 624, 626 
Hyperthermia, 1185-1212 
categorization of, 1185 
clinical presentation of, 1186, 1187¢ 
from drug fever, 1186-1192 
malignant, 1209-1214 
from neuroleptic malignant syndrome, 1195—1202 
from serotonin syndrome, 1202—1209 
from serum sickness-like reactions, 1192—1195 
Hyperthyroidism 
causative agents of, 697, 699—700t, 700-701 
clinical presentation of, 711—713, 711¢ 
differential diagnosis of, 711, 712 
epidemiology of, 704 
management of, 715, 716-717 
mechanisms of, 705, 707 
morbidity and mortality for, 714 
patient education on, 717 
prevention of, 714-715 
risk factors for, 713-714 
Hypertrichosis, 193—208 
causative agents of, 193-197, 196-197t 
clinical presentation of, 194, 198f, 2002, 201—202 
differential diagnosis of, 201, 201¢ 
epidemiology of, 197-198 
management of, 204—205t, 207 
mechanisms of, 198-199, 199t 
morbidity and mortality for, 203 
patient education on, 207—208 
prevention of, 203, 203¢ 
risk factors for, 202, 203t 
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Hyperuricemia. See Gout and hyperuricemia 
Hypnotics. See Sedative-hypnotics 
Hypoaldosteronism, 751 
Hypogeusia, 1258 
Hypoglycemia 
causative agents of, 679, 681, 682—683t 
clinical presentation of, 686, 686t¢ 
differential diagnosis of, 686, 687¢ 
epidemiology of, 681, 683 
management of, 690, 690t 
mechanisms of, 683, 685¢ 
morbidity and mortality for, 688-689 
patient education on, 690 
risk factors for, 687—688, 688¢ 
Hypoglycemic agents, 26t, 92, 761, 983¢ 
Hypotension, 63 1—648 
causative agents of, 631, 632—636t 
clinical presentation of, 637, 641, 641¢ 
differential diagnosis of, 641, 642¢ 
epidemiology of, 631, 637 
management of, 644-648, 645—646t 
mechanisms of, 637, 638—640t 
morbidity and mortality for, 643 
orthostatic, 233, 631, 637, 641-648, 646 
patient education on, 648 
prevention of, 643-644, 643¢ 
risk factors for, 641—643, 642t 
Hypothalamic, pituitary, and adrenal diseases, 729-751 
Cushing syndrome, 730—734 
growth hormone deficiency, 747—751 
hyperprolactinemia, 742—747 
hypoaldosteronism/hyperaldosteronism, 751 
overview, 729 
primary adrenal insufficiency, 734-735 
secondary adrenal insufficiency, 734-741 
Hypothalamic—pituitary—adrenal (HPA) axis 
activation of, 738 
anxiety and, 409 
depression and, 382, 385, 386 
diagnostic testing of, 732, 734 
hyperprolactinemia and, 742 
structure and function of, 729, 730f 
suppression of, 734-736, 740, 741 
Hypothermia, 1214-1218 
causative agents of, 1186, 1215, 1216 
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clinical presentation of, 1216-1217, 1217¢t 
differential diagnosis of, 1217 
epidemiology of, 1215 
management of, 1217-1218 
mechanisms of, 1215-1216 
morbidity and mortality for, 1217 
overview, 1214-1215 
patient education on, 1218 
prevention of, 1217 
risk factors for, 1217 
Hypothermia therapy, 186, 189¢ 
Hypothyroidism 
causative agents of, 697-701, 698—699r, 704 
clinical presentation of, 711-712, 711t 
differential diagnosis of, 711, 712 
epidemiology of, 704 
management of, 715—716, 715¢ 
mechanisms of, 34, 708-709 
morbidity and mortality for, 714 
patient education on, 717 
prevention of, 714-715 
risk factors for, 713—714 
Hypouricemics, 313 
Hypovolemia, 944-946 


Ibandronate, 302, 1129t, 1130, 1274¢ 
Ibogaine, 532t 
Ibritumomab, 7t 
Ibuprofen 
acidosis and, 1002 
acute kidney injury and, 944, 947 
allergic reactions to, 73¢ 
alopecia and, 172 
aplastic anemia and, 1100¢ 
asthma/bronchospasm and, 463 
bleeding disorders and, 1033 
constipation and, 836t 
cutaneous diseases and, 102t 
delirium and, 327t 
drug fever and, 1188¢ 
glucose/mnsulin dysregulation and, 688 
gout/hyperuricemia and, 1145 
heart failure and, 510¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846t 
myocardial ischemia/acute coronary syndromes and, 472, 475 
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oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1235¢ 
photosensitivity and, 146¢, 150 
SIADH and, 984¢ 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1051¢ 
upper gastromtestinal ulceration and, 811 
visual disturbances and, 302t 
Ibutilide 
atrial fibrillation/atrial flutter and, 587, 587t 
heart failure and, 507, 511, 513 
hypotension and, 634¢ 
monomorphic ventricular tachycardia and, 524—525t 
sinus bradycardia/atrioventricular block and, 570t 
torsades de pointes and, 5322, 535, 536, 538, 543-544 
ICH. See Intracerebral hemorrhage 
ICON (International Consensus) on Drug Allergy, 71, 80 
ICS (inhaled corticosteroids), 733, 738-741, 1127 
Idarubicin, 1692, 5701, 577t, 908¢ 
Idarucizumab, 245, 10372, 1038-1039 
Idiosyncratic reactions, 60 
Idoxuridine, 706t 
Ifosfamide 
acidosis and, 1003+ 
acute kidney injury and, 943+ 
alopecia and, 169¢ 
anxiety and, 4007, 403 
chronic kidney disease and, 966t, 970t 
diabetes insipidus and, 991t 
heart failure and, 503t, 509 
leukemia and, 1284 
nausea/vomiting and, 908t, 916¢ 
osteoporosis/osteomalacia and, 1123¢ 
ototoxicity and, 1236¢ 
pancreatitis and, 8792, 881 
peripheral neuropathy and, 280¢ 
psychosis and, 416t 
SIADH and, 983¢ 
Illicit drug use. See also specific drugs 
anxiety and, 399, 401 
delirmm and, 330 
diarrhea and, 825 
hepatic/cholestatic diseases and, 845, 8511, 864 
hyperthermia and, 1186 
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hypothermia and, 1217, 1218 
interstitial lung disease/pulmonary fibrosis and, 433 
intracerebral hemorrhage and, 239 
in medication histories, 60 
myocardial ischemia/acute coronary syndromes and, 473¢, 479, 480, 484, 485, 489 
psychosis and, 415, 418, 420, 423 
as risk factor for drug-induced diseases, 33 
seizures and, 217 
sexual dysfunction and, 774 
stroke and, 231, 232, 235t 
Illicium henryi, 221 
Tloperidone, 255, 11662, 11692, 1195¢ 
Tloprost, 7t, 473t, 636t, 6402, 1051¢ 
Imatinib 
alopecia and, 169¢ 
aplastic anemia and, 1100t 
bone marrow aplasia and, 1109 
chemotherapy-induced anemia and, 1109¢ 
color changes of oral mucosa and teeth and, 1254¢, 1255¢ 
cutaneous diseases and, 103¢ 
growth hormone deficiency and, 747 
heart failure and, 503¢, 510¢ 
interstitial lung disease/pulmonary fibrosis and, 433t, 440 
nausea/vomiting and, 908¢ 
neutropenia/agranulocytosis and, 1087 
oral lichenoid reactions and, 1271t 
photosensitivity and, 146¢ 
SIADH and, 984¢ 
thromboembolic diseases and, 1065t, 1069¢ 
thyroid diseases and, 699—700t, 702t, 709 
visual disturbances and, 303¢ 
Imidazole antifungal agents, 103¢ 
Imipenem, 92, 220 
Imipenen-cilastatin, 9097, 11887, 1191 
Imipramine 
alopecia and, 173¢ 
anxiety and, 406 
cognitive disorders and, 369 
constipation and, 836¢ 
delirmm and, 326¢, 329t 
drug fever and, 1188¢ 
heart failure and, 504t, 507, 510¢ 
hypotension and, 634¢, 639t 
monomorphic ventricular tachycardia and, 524—525t 
neutropenia/agranulocytosis and, 1089¢ 
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ototoxicity and, 1236¢ 
photosensitivity and, 146¢ 
seizures and, 220 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 772 
SIADH and, 9822, 990 
sinus bradycardia/atrioventricular block and, 573t, 578¢ 
torsades de pointes and, 533z, 540t 
weight gain and, 1166¢, 1169¢, 1170 
Imiquimod, 1744, 180¢ 
Immediate drug reactions, 80-82 
Immune checkpomt inhibitors, 8221, 825 
Immune complex diseases, 81, 84, 100, 110 
Immune modulators, 313, 473¢ 
Immunizations. See Vaccines 
Immunoglobulins, 230¢, 1065z, 1069¢ 
Immunologic agents 
constipation and, 836¢ 
depression and, 375, 377t, 382-384, 386-388, 391 
thromboembolic diseases and, 1065—1066t, 1069—1070t 
Immunosuppressants 
alopecia and, 172t, 174, 179t, 191 
aplastic anemia and, 1104 
chronic kidney disease and, 967, 975 
comorbidity and, 34 
depression and, 382 
diarrhea and, 823¢ 
glucose/insulin dysregulation and, 688 
hypertension and, 624 
hypertrichosis and, 196t¢ 
lymphoma and, 1292—1295 
oral lichenoid reactions and, 1273 
osteoporosis/osteomalacia and, 1127 
pancreatitis and, 880, 885, 890, 891t 
seizures and, 219t 
skin cancer and, 1295-1298 
systemic lupus erythematosus and, 132, 135 
thrombocytopenia and, 1050 
Impila, 850¢ 
Incretin-based therapies, 884-885, 888 
Indapamide, 146t, 533t, 633t, 6381, 1267t 
Indinavir 
acute kidney injury and, 944—945¢, 957, 958 
alopecia and, 168¢ 
chronic kidney disease and, 967 
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osteoporosis/osteomalacia and, 1123¢ 
sexual dysfunction and, 783t, 786t¢ 

Indomethacin 
alopecia and, 172 
anxiety and, 403—404 
aplastic anemia and, 1100t 
asthma/bronchospasm and, 463 
cutaneous diseases and, 106 
delirium and, 327t 
diabetes insipidus and, 993, 993t 
heart failure and, 510¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846t 
hypotension and, 646t, 647 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1236¢ 
peripheral neuropathy and, 28 1¢ 
psychosis and, 416 
upper gastrointestinal ulceration and, 813 
visual disturbances and, 303¢ 

Infants. See Pediatric patients 

Infertility, 800-802 
causative agents of, 762t, 783t, 800 
clinical presentation of, 768¢, 769, 770, 787t, 801 
differential diagnosis of, 770t, 788t, 801 
epidemiology of, 800 
management of, 7742, 790t, 801-802 
mechanisms of, 765t, 767, 786t, 800 
morbidity and mortality for, 801 
patient education on, 774, 802 
prevention of, 7892, 801 
risk factors for, 788¢, 801 

Infliximab 
allergic and hypersensitivity reactions to, 73—74t, 77t, 96 
alopecia and, 173¢ 
cutaneous diseases and, 102—103r, 109, 113 
depression and, 383, 386 
heart failure and, 502t, 508, 509, 512 
hepatic/cholestatic diseases and, 852t 
interstitial lung disease/pulmonary fibrosis and, 433¢ 
myopathy and, 1153 
neutropenia/agranulocytosis and, 1089¢ 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
peripheral neuropathy and, 28 1¢ 
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serum sickness-like reactions and, 1193¢ 
sinus bradycardia/atrioventricular block and, 573t 
skin cancer and, 1297 
systemic lupus erythematosus and, 126t, 128¢ 
thromboembolic diseases and, 1065¢, 1069 
thyroid diseases and, 699—700t, 702t 
valvular/pericardial heart disease and, 662 
Inhaled anesthetics 
hepatic/cholestatic diseases and, 864 
malignant hyperthermia and, 1209-1210, 12094, 1212 
nausea/vomiting and, 906-9071, 9111, 913, 915-916, 921, 923 
Inhaled corticosteroids (ICS), 733, 738-741, 1127 
Inhaled glucocorticoids, 731t, 733-735, 736t, 738, 741, 1127 
Injectable glucocorticoids, 7311, 736t 
Innocent bystander hypothesis, 1052 
INR (international normalized ratio), 237 
Insomnia, 347, 349-353 
Institute for Safe Medication Practices, 24, 884 
Institute of Medicine. See National Academy of Medicine 
Insulin. See also Glucose and insulin dysregulation 
allergic reactions to, 73t, 75t 
comorbidity and, 34 
hyperglycemia and, 870 
hypoglycemia and, 681, 6821, 685¢ 
oral lichenoid reactions and, 1271t 
serum sickness-like reactions and, 1193¢ 
tolerance test for, 737—738 
weight gain and, 1167-11694, 1172, 1173¢ 
Intercalating agents, 1285 
Interferon 
alopecia and, 172t, 175, 178, 179t, 183 
glucose/insulin dysregulation and, 680, 684 
hepatic/cholestatic diseases and, 853z, 857 
hypertrichosis and, 196—197t, 199 
interstitial lung disease/pulmonary fibrosis and, 432 
myopathy and, 1150+ 
neutropenia/agranulocytosis and, 1093 
ototoxicity and, 1236¢ 
visual disturbances and, 303¢ 
Interferon-2b, 74t 
Interferon-o. 
alopecia and, 172t, 175, 178 
asthma/bronchospasm and, 452t 
cognitive disorders and, 358—359t 
cutaneous diseases and, 103¢ 
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depression and, 3771, 382-383, 385t, 386-391, 388 
diarrhea and, 822t 
gingival hyperplasia and, 1263¢ 
heart failure and, 503¢, 510t 
hemolytic anemia and, 1105¢ 
hypertrichosis and, 196—197t 
myocardial ischemia/acute coronary syndromes and, 473t 
oral lichenoid reactions and, 1271t 
pancreatitis and, 8787, 884, 886 
peripheral neuropathy and, 28 1¢ 
seizures and, 218t, 222t 
systemic lupus erythematosus and, 126t, 132 
taste disorders and, 1259t 
thrombocytopenia and, 1051¢ 
thromboembolic diseases and, 1065t, 1069 
thyroid diseases and, 699—700t, 702t, 704-705, 708-709, 713-714, 716-717 
valvular/pericardial heart disease and, 662 
Interferon-B 
allergic reactions to, 96 
depression and, 3771, 382, 383, 386 
systemic lupus erythematosus and, 126r, 132 
thromboembolic diseases and, 1065¢, 1070t 
thyroid diseases and, 699-7002, 709, 714 
Interferon-y 
alopecia and, 178 
cutaneous diseases and, 103¢ 
thromboembolic diseases and, 1065t, 1069 
thyroid diseases and, 702t 
Interleukin-1, 702t, 857, 1185, 1186 
Interleukin-2 
asthma/bronchospasm and, 452t 
atrial fibrillation/atrial flutter and, 582t 
depression and, 3771, 382, 384, 386 
hepatic/cholestatic diseases and, 848¢ 
hypotension and, 635¢, 640t, 645¢ 
lymphoma and, 1295 
myocardial ischemia/acute coronary syndromes and, 473 
systemic lupus erythematosus and, 126t 
thyroid diseases and, 702t, 716 
visual disturbances and, 303t 
Interleukin-3, 1065¢, 1070¢ 
Interleukin-6, 386, 439, 7022, 1186 
Intermenstrual bleeding, 793 
International Conferences on Harmonization, 52 
International Consensus (ICON) on Drug Allergy, 71, 80 
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International normalized ratio (INR), 237 
Interstitial lung disease/pulmonary fibrosis, 431—442 
causative agents of, 431, 432—433r 
clinical presentation of, 434-436, 435—436t 
differential diagnosis of, 436, 436t 
epidemiology of, 433-434 
management of, 439-441, 441f 
mechanisms of, 434, 435¢ 
morbidity and mortality for, 438 
patient education on, 441—442 
prevention of, 438-439, 439t 
risk factors for, 437-438, 437t 
Intra-arterial thrombolytic agents, 238¢ 
Intracerebral hemorrhage (ICH), 237-246 
causative agents of, 232, 237-239, 238t 
clinical presentation of, 233, 240-241, 241t 
differential diagnosis of, 241, 241t 
epidemiology of, 239-240 
management of, 244-246 
mechanisms of, 232, 240, 240r 
morbidity and mortality for, 244 
patient education on, 246 
prevention of, 244, 244t 
risk factors for, 241—244, 242t 
Intranasal oxymetazoline, 230t 
Intranasal phenoxazoline, 230¢ 
Intrauterine contraceptive devices (IUDs), 171¢, 179t, 782t, 785t, 795, 796 
Intravenous immunoglobulin G (IVIG), 76, 113-114, 473, 829 
Iocetamic acid, 706t 
Iodamide meglumine, 706t¢ 
Iodides, 1022, 108, 704, 706t, 708, 1267t 
Iodinated compounds, 699-700, 702t 
Iodinated glycerol, 705, 706t 
Iodinated radiocontrast dyes, 219t, 4521, 700t, 703t, 709, 716-717 
Iodine, 175, 705, 706, 708, 711, 713, 714 
Iodine-containng vitamins, 706¢ 
Iodipamide meglumine, 706t 
Iodixanol, 706t 
Iodized organic oils, 706t 
Iodized salt, 706t 
Iodoform gauze, 706t 
Iodoquinol, 706t 
Iohexol, 706t, 1066t, 1070¢ 
Iomeprol, 1066¢, 1070¢ 
Iopamidol, 7062, 1066t, 1070¢ 
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Iopromide, 706t¢ 
Iothalamate, 1066¢, 1070¢ 
Iothalamate meglumine, 706t¢ 
Iothalamate sodium, 706t 
Ioversol, 473t, 706t 
lIoxaglate, 1066¢, 1070t 
Ioxaglate meglumine/sodium, 706¢ 
Ipecac, 1150, 1152t 
Ipecac syrup, 929 
Ipilimumab, 170¢, 699-7002, 825 
Ipratropiunyipratropmum bromide, 463, 5822, 592, 592t 
Irbesartan, 632¢, 638¢, 878t, 1236t 
Irinotecan 
alopecia and, 170t 
diarrhea and, 823, 825, 826 
genetic variations affecting, 36¢ 
hepatic/cholestatic diseases and, 848¢ 
metabolic pathway for, 35, 37 
nausea/vomiting and, 908t, 916¢ 
sinus bradycardia/atrioventricular block and, 570t 
thromboembolic diseases and, 1065¢, 1069 
Tron chelators, 1103, 1242t 
Iron dextran, 1193+ 
Iron overdose, 1002t 
Iron preparations, 73t, 836t, 920, 1254¢ 
Iron supplements, 909¢ 
Isavuconazonium, 168¢ 
Ischemia. See Myocardial ischemia/acute coronary syndromes 
Ischemic stroke. See Stroke 
Isocarboxazid, 40, 982t, 1203—1204t 
Isoflurane, 472, 634, 850t, 906t, 12092, 1210 
Isometheptene mucate, 230¢ 
Isoniazid 
acidosis and, 1002r 
allergic reactions to, 73¢ 
alopecia and, 174¢, 180 
cutaneous diseases and, 108 
drug fever and, 11887, 1191 
drug interactions with, 39, 39t 
genetic variations affecting, 36¢ 
gout/hyperuricemia and, 1138 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 8471, 864 
neutropenia/agranulocytosis and, 1090¢ 
oral lichenoid reactions and, 1271t 
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ototoxicity and, 1236¢ 
pancreatitis and, 8787, 882, 886 
peripheral neuropathy and, 2801, 282, 2821, 285, 286, 288 
psychosis and, 416t 
seizures and, 219, 220, 222t 
systemic lupus erythematosus and, 124¢, 127, 128t, 129, 133 
thrombocytopenia and, 1051¢ 
valvular/pericardial heart disease and, 6617, 662 
visual disturbances and, 303¢ 
Isopropamide iodide, 706t 
Isoproterenol, 454, 473t, 544-545, 747, 748¢ 
Isosorbide dinitrate, 40, 472t, 505, 634¢, 6402, 1259¢ 
Isosorbide mononitrate, 634t, 640t 
Isotonic glucose solutions, 1151 
Isotretinoin 
allergic reactions to, 74¢ 
alopecia and, 166, 173¢ 
asthma/bronchospasm and, 452t 
depression and, 3771, 384, 385, 385¢, 387, 388 
ototoxicity and, 1236¢ 
photosensitivity and, 146¢ 
restrictive drug distribution system for, 7t 
sexual dysfunction and, 758¢ 
taste disorders and, 1260t 
teratogenicity of, 1319-1322, 1324, 1325 
thyroid diseases and, 702t 
visual disturbances and, 303¢ 
Isradipine, 472t, 570t, 577t, 633t, 639t 
Itraconazole 
allergic reactions to, 74¢ 
Cushing syndrome and, 733 
heart failure and, 503¢, 510t 
ototoxicity and, 1236¢ 
pancreatitis and, 879t 
photosensitivity and, 146¢ 
serum sickness-like reactions and, 1193¢ 
torsades de pointes and, 533¢, 539, 539t 
Intrauterine growth restrictions (IUGRs), 1316-1317 
IUDs. See Intrauterine contraceptive devices 
Ivabradine 
atrial fibrillation/atrial flutter and, 582t, 584 
heart failure and, 510 
hypertension and, 618¢ 
sinus bradycardia/atrioventricular block and, 570t, 572, 574, 574t, 577t 
torsades de pointes and, 533, 539t 
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IVIG (intravenous immunoglobulin G), 76, 113-114, 473z, 829 
Ivy gourd, 6821, 685t 
Ixabepilone, 1701, 472t 


Jaw. See Osteonecrosis of jaw 

Jones v. Irvin and K-Mart (1986), 9t, 11 
Ju bu huan, 850¢ 

The Jungle (Sinclair), 5 


Kanamycin, 1236¢ 
Karela. See Bitter melon 
Kava, 303¢, 353, 851t 
Kefauver—Harris Amendments of 1962, 5 
Kelp, 6994, 705, 706t, 708 
Ketamine 
myocardial ischemia/acute coronary syndromes and, 472 
nausea/vomiting and, 907t, 914 
peripheral neuropathy and, 288 
psychosis and, 416t, 418, 4187 
sexual dysfunction and, 783t, 786t¢ 
sinus bradycardia/atrioventricular block and, 570t, 578¢ 
Ketoacidosis, 1002¢, 1004t 
Ketoconazole 
color changes of oral mucosa and teeth and, 1253, 1254¢ 
drug interactions with, 39 
gingival hyperplasia and, 1263¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
oral lichenoid reactions and, 1270, 1271t 
ototoxicity and, 1236t 
photosensitivity and, 146¢ 
secondary adrenal insufficiency and, 735-737, 736—-737t 
sexual dysfunction and, 758, 762—763t, 765t 
thyroid diseases and, 702t 
torsades de pointes and, 533¢, 539 
Ketoprofen 
allergic reactions to, 73¢ 
alopecia and, 172 
asthma/bronchospasm and, 463 
delirium and, 327t 
heart failure and, 510¢ 
oral erythema multiforme and, 1267t¢ 
photosensitivity and, 146¢, 150 
Ketorolac, 172t, 303t, 815, 8461, 958, 1236t 


Kidney disease. See Acute kidney injury (AKI); Chronic kidney disease (CKD) 


Labetalol 
hyperprolactinemia and, 743¢ 
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hypotension and, 6321, 638¢ 
myocardial ischemia/acute coronary syndromes and, 488 
myopathy and, 1150¢ 
oral lichenoid reactions and, 1271t 
sleep disorders and, 348 
stroke and, 236 
systemic lupus erythematosus and, 124¢ 
Lacidipine, 472t 
Lacosamide, 416t, 524t, 1236t 
Lactic acidosis, 1002t, 1004, 10042, 1007-1008, 1010-1011 
Lactulose, 822, 823, 840¢, 871 
Lamivudine, 168¢, 280t, 8791, 10022, 1123t, 1236t 
Lamotrigine 
allergic reactions to, 75t, 95 
alopecia and, 168¢ 
cutaneous diseases and, 101, 102—104¢, 111, 1114, 113¢ 
delirium and, 326t 
depression and, 378, 379 
gingival hyperplasia and, 1263¢ 
hepatic/cholestatic diseases and, 852t 
monomorphic ventricular tachycardia and, 524¢ 
neuroleptic malignant syndrome and, 1195¢ 
oral erythema multiforme and, 1267t¢ 
osteoporosis/osteomalacia and, 1127 
ototoxicity and, 1236¢ 
peripheral neuropathy and, 289 
SIADH and, 983¢ 
sleep disorders and, 348¢ 
systemic lupus erythematosus and, 124¢ 
taste disorders and, 1260t 
teratogenicity of, 1319, 1330, 1331 
visual disturbances and, 303¢, 312, 313 
weight gain and, 1175¢ 
LAMPS (large automated multipurpose population-based systems), 55—56 
Lansoprazole, 126t, 5331, 966t, 1254¢ 
Lantana camara, 85\t 
Lapatinib, 170t, 177, 1792, 187, 4722, 508, 1109¢ 
Large automated multipurpose population-based systems (LAMPS), 55—56 
Laser therapy, 1892, 192, 205, 207, 208 
L-asparaginase 
allergic reactions to, 72¢ 
glucose/msulin dysregulation and, 680t, 684¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
pancreatitis and, 881, 887, 892 
thyroid diseases and, 702t 
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Last, John, 20 
Latanoprost, 197, 197¢ 
Laxatives 
abuse of, 840 
acidosis and, 1002t 
alkalosis and, 1013—1014¢, 1017 
bulk-forming, 840, 840 
emollient, 840, 840t 
lubricant, 840¢ 
myopathy and, 1150¢, 1152¢ 
osmotic, 840, 840r 
saline, 840, 840r 
stimulant, 839, 840, 8402, 920, 930 
L-carnitine, 6822, 6852, 868, 1009 
Lead, 171t, 177, 1254-1255t, 1316 
Learning disabilities, 1315-1316 
Leflunomide 
acidosis and, 1003+ 
alopecia and, 172t, 174 
hepatic/cholestatic diseases and, 846t 
macrocytic anemia and, 1108¢ 
ototoxicity and, 1236¢ 
peripheral neuropathy and, 28 1¢ 
photosensitivity and, 146¢ 
regulatory actions involving, 13 
Legal environment for drug safety, 8—11, 9¢ 
Lemon oil, 146t 
Lenalidomide 
alopecia and, 170t 
interstitial lung disease/pulmonary fibrosis and, 432t, 435t 
leukemia and, 1284, 12847, 1286-1287, 1289 
lymphoma and, 1292 
restrictive drug distribution system for, 7t 
thromboembolic diseases and, 1065¢, 1069t, 1075t 
thyroid diseases and, 699-7001, 7021, 715 
Lenvatinib, 7t, 170t, 908¢ 
Lepirudin, 73¢, 1058 
Leprosy, 6 
Letrozole, 170t, 176, 1064t, 1068¢, 1123+ 
Leucovorin, 825, 826 
Leukemia, 1283-1292 
acute lymphoblastic, 1283, 1286, 1291 
acute myeloid, 1283-1287, 1289-1292 
causative agents of, 1284-1286, 1284¢ 
clinical presentation of, 1289, 1290t 
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differential diagnosis of, 1289, 1290t 
epidemiology of, 1286-1287 
management of, 1291—1292 
mechanisms of, 1287-1289, 1288¢ 
morbidity and mortality for, 1291 
overview, 1283 
patient education on, 1292 
prevention of, 1291, 1294t 
risk factors for, 1290, 1291t 
Leukocytoclastic vasculitis, 85 
Leukotriene antagonists, 74t, 463 
Leuprolide 
anxiety and, 403 
depression and, 385t, 390 
myocardial ischemia/acute coronary syndromes and, 473¢ 
myopathy and, 1150¢ 
thromboembolic diseases and, 1064¢, 1068+ 
vaginal bleeding disorders and, 796 
Leuprolide acetate, 126t, 699—700t 
Leuprorelin, 73t, 700t 
Levamisole, 9832, 10512, 1188¢, 1260t 
Levels of evidence, 20-21, 21¢, 63 
Levetiracetam 
alopecia and, 168¢ 
depression and, 376¢, 379, 388 
dystonia and, 270 
osteoporosis/osteomalacia and, 1127 
psychosis and, 416 
sexual dysfunction and, 758t, 772 
SIADH and, 983¢, 988 
tardive dyskinesia and, 265 
teratogenicity of, 1319 
weight gain and, 1175¢ 
Levodopa. See also Carbidopa—levodopa 
alopecia and, 171t, 175 
anxiety and, 400z, 405 
delirim and, 327t, 329t 
dystonia and, 270 
gout/hyperuricemia and, 1136¢, 1139 
nausea/vomiting and, 911¢ 
neutropenia/agranulocytosis and, 1090¢ 
psychosis and, 418 
serotonin syndrome and, 1203—1204t 
systemic lupus erythematosus and, 126t 
taste disorders and, 1260t 
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Levofloxacin 
cutaneous diseases and, 104t 
delirium and, 328¢ 
drug interactions with, 40 
hemolytic anemia and, 1105¢ 
hypersensitivity reactions to, 77t¢ 
hypotension and, 635¢, 640t, 645¢ 
oral erythema multiforme and, 1267t¢ 
peripheral neuropathy and, 280¢ 
photosensitivity and, 146¢ 
taste disorders and, 1260t 
torsades de pointes and, 532¢, 538, 539t 
Levomepromazine, 532t, 539t 
Levomethadyl, 541 
Levomilnacipran, 982t 
Levonorgestrel, 782t, 785t, 795, 909t, 1067 
Levosimendan, 4721, 524t, 582t 
Levothyroxine 
alopecia and, 173¢t 
hepatic/cholestatic diseases and, 849t 
iodine content of, 707t 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
psychosis and, 416t 
thyroid diseases and, 703t, 709, 710, 715, 716 
LH. See Luteinizing hormone 
Libido disorders 
causative agents of, 757, 758t, 798 
clinical presentation of, 767-768, 768t, 769 
defined, 757 
differential diagnosis of, 770t 
management of, 773¢ 
mechanisms of, 763, 763t, 766 
Licorice, 304t, 503t, 510t, 517, 618¢, 620t, 1151 
Lidocaine 
allergic reactions to, 75t¢ 
anxiety and, 400¢ 
cognitive disorders and, 358t, 365 
comorbidity and, 34 
delirium and, 326 
heart failure and, 502¢, 510¢ 
monomorphic ventricular tachycardia and, 530 
ototoxicity and, 1236¢ 
peripheral neuropathy and, 289 
psychosis and, 416t 
seizures and, 218t 
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sinus bradycardia/atrioventricular block and, 5711, 578¢ 
taste disorders and, 1262 
Lifestyle factors related to drug-induced diseases, 32—33 
Lily of the valley, 304 
Limb deficiency defects, 1324-1326 
Lime oil, 146¢ 
Linagliptin, 879¢ 
Linezolid 
acidosis and, 1002t 
aplastic anemia and, 1100¢ 
delirium and, 328¢ 
peripheral neuropathy and, 280¢, 282 
serotonin syndrome and, 1202, 1203—1204t 
thrombocytopenia and, 1051-10524, 1056, 1056 
visual disturbances and, 304t 
Linghzi, 851 
Linifanib, 699¢ 
Liothyronine, 173t, 369, 707t 
Liotrix, 707t 
Lipokinetix, 851¢ 
5-lipoxygenase inhibitors, 462 
Liraglutide, 8792, 884, 9092, 915 
Lisdexamfetamine, 167t 
Lisinopril 
alopecia and, 167t 
color changes of oral mucosa and teeth and, 1254¢ 
glucose/insulin dysregulation and, 688 
hypotension and, 6321, 638¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1236¢ 
pancreatitis and, 8787, 879, 880, 886t 
photosensitivity and, 146¢ 
SIADH and, 983¢ 
systemic lupus erythematosus and, 125¢ 
taste disorders and, 1260—1261t 
Lithium 
acidosis and, 1003+ 
acute kidney injury and, 943¢, 945¢, 959 
akathisia and, 255—256t, 258 
alopecia and, 173t, 175, 178, 183 
Brugada syndrome and, 547t 
chronic kidney disease and, 965, 9661, 968-970, 970t, 972-976, 972t, 974t 
cognitive disorders and, 358t, 365, 367-369 
cutaneous diseases and, 102—103z, 108, 109 
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delirium and, 327t 
depression and, 391 
diabetes insipidus and, 991—993, 991t 
gingival hyperplasia and, 1263+ 
monomorphic ventricular tachycardia and, 524¢ 
myocardial ischemia/acute coronary syndromes and, 473¢ 
nausea/vomiting and, 909¢ 
neuroleptic malignant syndrome and, 1195, 1195z, 1199, 1200 
oral lichenoid reactions and, 1270, 1271t 
ototoxicity and, 1236¢ 
peripheral neuropathy and, 28 1¢ 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 758—759t, 761t 
side effects of, 254 
systemic lupus erythematosus and, 125¢, 133 
tardive dyskinesia and, 262 
taste disorders and, 1260—1261t 
teratogenicity of, 1321-1322, 1334 
thromboembolic diseases and, 1066¢, 1070t 
thyroid diseases and, 699-7001, 702t, 704, 707-709, 713-714, 717 
visual disturbances and, 304t 
weight gain and, 1167-11694, 1171-1172, 1173¢ 
Liver diseases. See Hepatic and cholestatic diseases 
LLLT (low-level laser therapy), 1897, 192 
LMWH. See Low-molecular-weight heparin 
Lobaplatin, 170¢ 
Local anesthetics, 530, 1262, 1314 
Lomefloxacin, 146¢, 280t 
Lomitapide, 7t, 849¢ 
Lomustine, 384, 4321, 9082, 916, 966t, 970t 
Loop diuretics 
acute kidney injury and, 943-9441, 947, 953, 954 
alkalosis and, 1013—1014¢ 
gout/hyperuricemia and, 1138 
graded challenge procedure for, 95 
heart failure and, 505, 511 
hepatic/cholestatic diseases and, 847t 
ototoxicity and, 1239, 1241 
pancreatitis and, 883 
sexual dysfunction and, 759t, 764t 
SIADH and, 989t 
in sulfa drug class, 92 
Loperamide, 39, 533, 827t, 828 
Lopmnavir, 9842, 1051¢ 
Loratadine, 1467, 5392, 8532, 1013-1014 
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Lorazepam 
anxiety and, 407, 410 
cognitive disorders and, 369 
delirmm and, 327t, 329t, 337 
hypothermia and, 1218 
nausea/vomiting and, 929, 929t 
neuroleptic malignant syndrome and, 1195¢, 1200t 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1236t 
seizures and, 226 
serotonin syndrome and, 1208, 1208 
SIADH and, 984¢ 
visual disturbances and, 304t 
Lorcainide, 502t, 507, 510¢ 
Lorcaserin, 664 
Losartan 
acute kidney injury and, 942 
asthma/bronchospasm and, 4522, 454 
gout/hyperuricemia and, 1138 
hypotension and, 6321, 638¢ 
pancreatitis and, 878 
photosensitivity and, 146¢ 
taste disorders and, 1260t 
Lovage, 304t 
Lovastatin 
alopecia and, 171¢ 
ototoxicity and, 1236t 
pancreatitis and, 8782, 886t 
photosensitivity and, 146¢ 
sleep disorders and, 348¢ 
systemic lupus erythematosus and, 124+ 
visual disturbances and, 304t 
Low birth weight, 1311, 1316-1318 
Low blood pressure. See Hypotension 
Low-level laser therapy (LLLT), 189¢, 192 
Low-molecular-weight heparin (LMWH) 
alopecia and, 166, 178 
bleeding disorders and, 1026¢, 1028, 1029¢, 1032, 1036 
intracerebral hemorrhage and, 238¢, 239, 240¢, 2421, 245 
myocardial ischemia/acute coronary syndromes and, 486 
osteoporosis/osteomalacia and, 1121¢, 1124¢ 
ovarian hyperstimulation and, 789 
thrombocytopenia and, 1052t, 1055-1058, 1056—1057¢ 
thromboembolic diseases and, 1064t, 1067, 1075, 1076 
Loxapmne, 326, 547t, 5821, 635t, 6391, 852t, 1195¢ 


2644 


LSD (lysergic acid diethylamide), 415, 418, 473¢, 1188¢ 
L-tryptophan, 1203—1204¢ 
Lubiprostone, 840, 840t 
Lubricant laxatives, 840t 
Lugol’s solution, 706t 
Lupus. See Systemic lupus erythematosus (SLE) 
Lupus diathesis, 129, 133 
Lupus-like reactions, 84, 86 
Lurasidone, 254, 376t, 635t, 639t, 1166t, 1171, 1175¢ 
Luteinizing hormone (LH), 729, 766, 767, 783, 793, 800 
Lymphoma, 1292-1295 
causative agents of, 12841, 1292-1293 
clinical presentation of, 1290t, 1293-1294 
differential diagnosis of, 12902, 1293-1294 
epidemiology of, 1293 
hepatosplenic T-cell, 1292, 1293 
Hodgkin, 1284-1286, 1291-1293 
management of, 1295 
mechanisms of, 1288¢, 1293 
morbidity and mortality for, 1294 
non-Hodgkin, 1286, 1292-1294, 1303 
patient education on, 1295 
post-transplant lymphoproliferative disorders, 1293, 1295 
prevention of, 1294-1295, 1294t 
risk factors for, 1291t, 1294 
Lysergic acid diethylamide (LSD), 415, 418, 473¢, 1188: 
Lysine-aspirin, 459 


Macitentan, 7¢ 
Macrocytic anemia, 1107-1109 
causative agents of, 1107, 1108¢ 
clinical presentation of, 1102¢, 1108 
differential diagnosis of, 1102¢, 1108 
epidemiology of, 1107 
management of, 1108-1109 
mechanisms of, 11012, 1107-1108 
morbidity and mortality for, 1108 
patient education on, 1109 
prevention of, 1108 
risk factors for, 11034, 1108 
Macrolides, 220, 328t, 541-542, 8221, 823, 1088 
Magnesium 
acute kidney injury and, 955 
diarrhea and, 822, 823 
hypotension and, 636t, 640t 
myopathy and, 1151, 1153, 1156 
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torsades de pointes and, 543-544 
Magnesium hydroxide, 1013—1014¢ 
Magnesium salts, 287, 2871, 840t 
Ma huang, 2192, 225, 243, 415, 425, 851¢ 
Major depressive disorder (MDD), 375, 379, 380, 386-390 
Male pattern baldness. See Androgenetic alopecia 
Males. See Gender differences 
Male sexual dysfunction, 757-775 
causative agents of, 757-761, 758—762t 
clinical presentation of, 767-771, 768t 
differential diagnosis of, 769, 770t 
epidemiology of, 761—762 
management of, 772-774, 773-774t 
mechanisms of, 763—765t, 763-767 
morbidity and mortality for, 771 
patient education on, 774-775 
prevention of, 771-772, 772t 
risk factors for, 771, 771t 
Malignant hyperthermia, 1209-1214 
causative agents of, 1186, 1209-1210, 1209 
clinical presentation of, 1187¢, 1210-1211, 1210¢ 
differential diagnosis of, 1211, 1211¢ 
epidemiology of, 1210 
management of, 1213-1214, 1213—1214r 
mechanisms of, 1210 
morbidity and mortality for, 1212 
patient education on, 1214 
prevention of, 1212—1213, 1212t 
risk factors for, 1211-1212, 1211¢ 
Malotilate, 868 
Mammalian target-of-rapamycin (mTOR) inhibitors, 432¢, 680¢, 684t, 1295, 1298 
Management of disease 
acidosis, 1008-1011, 1009f; 10102, 1011f 
acute interstitial nephritis, 957 





acute tubular necrosis, 955 

akathisia, 258-259, 259t 

alkalosis, 1016-1017, 1018f, 1018¢ 
alopecia, 186-192, 187-189 

amenorrhea and oligomenorrhea, 790t, 794 
anxiety, 410-411 

aplastic anemia, 1103—1104 

asthma and bronchospasm, 218, 462—463 
atrial fibrillation/atrial flutter, 586-588, 587t 
atrial tachycardia, 590-591, 591t 

AV node re-entrant tachycardia, 594, 595t 
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bladder cancer, 1305 

bleeding disorders, 1036—1037¢, 1036-1039, 1038f 
breast cancer, 1300 

Brugada syndrome, 549 

chemotherapy-induced anemia, 1111 

chronic kidney disease, 975—976, 976t 

cognitive disorders, 368-369, 368 

color changes of oral mucosa and teeth, 1258 
constipation, 839-841, 840t 

Cushing syndrome, 734 

cutaneous diseases, 113-114, 114+ 

delirium, 335—340, 336, 369 

depression, 390-392, 391t 

diabetes insipidus, 993, 993 

diarrhea, 827—829, 827t 

drug allergies, 98—100, 99 

drug fever, 1191, 1191¢ 

dysmenorrhea, 7901, 797 

dystonia, 270, 270t 

endometrial cancer, 1303 

female sexual dysfunction, 790t, 799-800 
gingival hyperplasia, 1265 

glomerulonephritis, 959 

glucose and insulin dysregulation, 689-690, 690t 
gout and hyperuricemia, 1717, 179, 1144-1145, 1145f 
growth hormone deficiency, 750, 750t 

heart failure, 516 

hemodynamic-mediated AKI, 948-949 
hemolytic anemia, 1107 

hepatic and cholestatic, 865-872, 867t 
hirsutism, 203—207, 204—-206t 
hyperprolactinemia, 746, 747t 

hypertension, 624-626, 625t, 942 

hypertrichosis, 204—205t, 207 

hypotension, 644-648, 645—646t 

hypothermia, 1217—1218 

infertility, 774t, 801-802 

interstitial lung disease/pulmonary fibrosis, 439-441, 441f 
intracerebral hemorrhage, 244-246 

leukemia, 1291-1292 

lymphoma, 1295 

macrocytic anemia, 1108-1109 

male sexual dysfunction, 772-774, 773-774t 
malignant hyperthermia, 1213-1214, 1213—1214¢ 


menorrhagia and menometrorrhagia, 7902, 796 
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monomorphic ventricular tachycardia, 530, 531f 
myocardial ischemia/acute coronary syndromes, 485—489, 487t 
myopathy, 1158-1159 
nausea and vomiting, 927-9291, 927-930 
nephrolithiasis, 958 
neuroleptic malignant syndrome, 1200-1201, 1200—1201¢ 
neutropenia and agranulocytosis, 1095—1096 
oral erythema multiforme, 1269 
oral lichenoid reactions, 1273 
osteonecrosis of jaw, 1276 
osteoporosis and osteomalacia, 1129-1130, 1129¢ 
ototoxicity, 1243-1244 
ovarian hyperstimulation, 787-790, 790t 
pancreatitis, 892 
parkinsonism, 273, 273t 
peripheral neuropathy, 287—289 
photosensitivity, 155, 155¢ 
psychosis, 423—424, 424t 
secondary adrenal insufficiency, 740-741, 740¢ 
seizures, 225—226 
serotonin syndrome, 12014, 1207-1209, 1208¢ 
serum sickness-like reactions, 11914, 1194 
SIADH, 989-990, 989¢ 
sinus bradycardia/atrioventricular block, 579-580, 579t 
skin cancer, 1298 
sleep disorders, 352—353 
stroke, 235—237 
systemic lupus erythematosus, 135, 135¢ 
tardive dyskinesia, 264-265, 265t 
taste disorders, 1262 
teratogenicity, 1334-1335 
thrombocytopenia, 1057-1059 
thromboembolic diseases, 237, 1076-1077 
thyroid diseases, 715—717, 715¢ 
torsades de pointes, 544-545, 545f 
upper gastromtestinal ulceration, 818 
valvular and pericardial heart disease, 669-670, 670t 
visual disturbances, 318-319 
vulvovaginal candidiasis, 790t, 792 
weight gain, 1174-1175, 1175¢ 

Mandrake, 304t 

Manganese, 1254t 

Mannitol 
acute kidney injury and, 953, 954 
heart failure and, 503t, 509 
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hepatic/cholestatic diseases and, 871 
hypotension and, 636t, 638t 
ototoxicity and, 1236¢ 
Manufacturers, role in postmarketing surveillance, 50-52 
MAOIs. See Monoamine oxidase inhibitors 
Maprotiline 
depression and, 392 
drug fever and, 1188¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
photosensitivity and, 146¢ 
seizures and, 220, 222t 
weight gain and, 1166¢, 1169¢, 1170 
Margosa oil, 8517 
Marijuana 
duration of detection in urine, 420t 
myocardial ischemia/acute coronary syndromes and, 473¢ 
nausea/vomiting and, 929 
as risk factor for drug-induced diseases, 33 
sexual dysfunction and, 759t, 761t 
stroke and, 230t 
teratogenicity of, 1324, 1326 
visual disturbances and, 304t 
Masterwort, 304t 
Maternity status. See Pregnancy 
MDD (major depressive disorder), 375, 379, 380, 386-390 
MDMA (methylenedioxymethamphetamine). See Ecstasy 
MDR-TB (multidrug resistant tuberculosis), 288 
MDS (myelodysplastic syndrome), 1283, 1286-1287, 1289 
Measles, 29 
Measles, mumps, and rubella (MMR) vaccine, 21, 1267¢ 
Measles vaccine, 197t 
Mebendazole, 1090¢, 1188¢ 
Mechanisms of disease 
acidosis, 1001, 1004-1005, 1004 
acute interstitial nephritis, 9457, 956 
acute tubular necrosis, 950-951 
akathisia, 255-256, 256t 
alkalosis, 1012-1014, 1014 
alopecia, 178-180, 179-180¢ 
amenorrhea and oligomenorrhea, 7851, 793 
anxiety, 404-406, 405z 
aplastic anemia, 1100-1101, 1101¢ 
asthma and bronchospasm, 455—457, 455t, 456f 
atrial fibrillation/atrial flutter, 583-584, 583¢ 
atrial tachycardia, 589, 589t 
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AV node re-entrant tachycardia, 592-593 
bladder cancer, 12884, 1304 

bleeding disorders, 1028-1030, 1028/, 1029¢ 
breast cancer, 1288¢ 

Brugada syndrome, 546-547 
chemotherapy-induced anemia, 11017, 1110 
chronic kidney disease, 969-970, 970t 
cognitive disorders, 359-361, 359t 

color changes of oral mucosa and teeth, 1255, 1255¢ 
congenital heart defects, 1323 

constipation, 837, 837t 

Cushing syndrome, 730—732, 731t 
cutaneous diseases, 105—106 

delirium, 329-330, 329t, 360 

depression, 385—386, 385t 

diabetes insipidus, 991 

diarrhea, 823, 823t 

drug allergies and hypersensitivity reactions, 78—82, 80¢ 
drug fever, 1187 

dysmenorrhea, 7861, 796 

dystonia, 266 

endometrial cancer, 1288¢, 1301 

female sexual dysfunction, 786t, 798 

fetal alcohol spectrum disorders, 1332 
gastroschisis, 1326 

gingival hyperplasia, 1264, 1264t 
glomerulonephritis, 958 

glucose and insulin dysregulation, 683, 684—685t 
gout and hyperuricemia, 1135-1140, 1136 
growth hormone deficiency, 747-748, 748 
heart failure, 509-512, 510t 
hemodynamic-mediated AKI, 944-945, 945t 
hemolytic anemia, 11014, 1104, 1106 

hepatic and cholestatic, 854—855t, 855-858 
hirsutism, 198, 199¢ 

hyperprolactinemia, 742, 744 

hypertension, 619-621, 620t 

hypertrichosis, 198-199, 199¢ 

hypotension, 637, 638—640t 

hypothermia, 1215—1216 

infertility, 765¢, 767, 786t, 800 

interstitial lung disease/pulmonary fibrosis, 434, 435¢ 
intracerebral hemorrhage, 232, 240, 240t 
learning disabilities, 1315 

leukemia, 1287-1289, 1288¢ 
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limb deficiency defects, 1325 

low birth weight, 1317 

lymphoma, 12884, 1293 

macrocytic anemia, 11017, 1107-1108 

male sexual dysfunction, 763—765t, 763—767 
malignant hyperthermia, 1210 

menorrhagia and menometrorrhagia, 785t, 795 
microcephaly, 1331 

monomorphic ventricular tachycardia, 525-526, 525t 
myocardial ischemia/acute coronary syndromes, 476-480, 477t¢ 
myopathy, 1151-1153, 1152¢ 

nausea and vomiting, 910-915, 9114, 913f 
nephrolithiasis, 957 

neural tube defects, 1328-1329 

neuroleptic malignant syndrome, 1196 

neutropenia and agranulocytosis, 1091, 1091t 

oral erythema multiforme, 1268, 1268¢ 

oral lichenoid reactions, 1270, 1272, 1272t 

orofacial clefts, 1320-1321 

osteonecrosis of jaw, 1274, 1274t 

osteoporosis and osteomalacia, 1120, 1122, 1123—1124¢ 
ototoxicity, 1239-1240, 1239¢ 

ovarian hyperstimulation, 783—784, 785¢ 

pancreatitis, 885-888, 886 

parkinsonism, 271—272, 271t 

peripheral neuropathy, 281—282, 282z 
photosensitivity, 149-151, 149f, 150¢ 

psychosis, 417—419, 418¢ 

secondary adrenal insufficiency, 735—737, 737t 
seizures, 222, 222t 

serotonin syndrome, 1202-1205, 1204¢ 

serum sickness-like reactions, 80, 81, 1192-1193 
SIADH, 985-986 

sinus bradycardia/atrioventricular block, 572, 574, 574t 
skin cancer, 1288t, 1296 

sleep disorders, 347, 349, 350t 

stroke, 231—233, 231t 

systemic lupus erythematosus, 127-129, 128¢ 
tardive dyskinesia, 261 

taste disorders, 1261, 1261t 

thrombocytopenia, 1052—1054, 1052 
thromboembolic diseases, 1067—1071, 1068—1071t 
thyroid diseases, 697, 698f, 701—703t, 704-710, 706—707t 
torsades de pointes, 535-536 

upper gastromtestinal ulceration, 811-812, 811¢ 
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valvular and pericardial heart disease, 663-664, 663 
visual disturbances, 313—315, 314—315t 
vulvovaginal candidiasis, 785t, 791 
weight gain, 1168, 11687 
Mechlorethamine, 304¢, 90872, 916t, 1284-1286, 1288¢ 
Meclizine, 1243-1244 
Meclofenamic acid, 1267t¢ 
Medication errors 
cost of, 27, 29 
decision-tree model in assessment of, 28, 28¢ 
defined, 41 
monitoring systems for, 56 
prevalence of, 42 
reporting systems for, 24 
risk factors for, 42 
sources of, 19, 26, 41-42 
Medication histories, 60-62, 61—62t 
Medication nonadherence, 28, 41 
Medications. See Drugs; specific names and types of medications 
Mediterranean glue thistle, 8517 
MEDMARX system, 56 
Medroxyprogesterone, 176, 782t, 785t, 1013, 1167¢ 
Medroxyprogesterone acetate (MPA), 731t, 732, 736, 736t, 741 
Medroxyprogesterone depot, 11217, 11232, 11692, 1172-1173, 1173¢, 1175¢ 
MedWatch program, 6, 15, 50, 66-67 
Mefenamic acid, 73¢, 510¢, 1236 
Mefloquine 
anxiety and, 4007, 403 
depression and, 376t, 377 
myocardial ischemia/acute coronary syndromes and, 472¢ 
ototoxicity and, 1236¢ 
peripheral neuropathy and, 280¢ 





psychosis and, 416 
Megestrol, 503¢, 510z, 10652, 1069¢ 
Megestrol acetate 
glucose/msulin dysregulation and, 680t, 684 
myocardial ischemia/acute coronary syndromes and, 473¢, 474 
secondary adrenal insufficiency and, 731t, 732, 736, 736t, 741 
Meglumine antimoniate, 878 
MEK (mitogen-activated protein kinase) inhibitors, 1295, 1296 
Melanoma, 1295-1298 
Melatonin, 265, 335, 337, 349, 353, 1242t 
Meloxicam, 1721, 453, 461, 510¢, 1051¢ 
Melphalan, 4321, 9834, 1284, 1287, 1288: 
Memantine, 571t, 577t, 984t 
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Men. See Gender differences; Male sexual dysfunction 
Meningomyelocele, 1327, 1327f 
Menorrhagia and menometrorrhagia, 795—796 
causative agents of, 782t, 795 
clinical presentation of, 787t, 795 
differential diagnosis of, 7882, 795 
epidemiology of, 795 
management of, 7902, 796 
mechanisms of, 785t, 795 
morbidity and mortality for, 796 
patient education on, 796 
prevention of, 7897, 796 
risk factors for, 788t, 796 
Menthol, 452t 
Meperidine 
acute kidney injury and, 958 
asthma/bronchospasm and, 452t 
cognitive disorders and, 366 
delirium and, 326 
nausea/vomiting and, 906t¢ 
psychosis and, 416 
seizures and, 218t, 222, 2221, 224 
serotonin syndrome and, 1202, 1203—1204t 
Mephenytoin, 1247, 1263¢ 
Mepivacaine, 4721, 571t 
Mepolizumab, 462 
Meprobamate, 404, 1090 
Mequinol-tretinoin, 146¢ 
6-mercaptopurine, 878f, 880, 886t, 891¢, 11882, 1193¢ 
Mercaptopurine, 16, 35, 36¢, 8482, 10034, 1145, 1292 
Mercury, 1714, 177, 1255t, 1271t 
Meropenem, 74¢, 92, 220, 1193¢ 
Mesalamine 





aplastic anemia and, 1100t 
cutaneous diseases and, 104t 
diabetes insipidus and, 991, 991t 
hepatic/cholestatic diseases and, 850t 
macrocytic anemia and, 1108¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
pancreatitis and, 881, 891t 
systemic lupus erythematosus and, 126t 
valvular/pericardial heart disease and, 661, 662, 664 
Mesna, 1304-1305 
Mesoridazine, 541 
Metabolic acidosis. See Acidosis 
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Metabolic alkalosis. See Alkalosis 

Metabolic myopathy. See Necrotizing myopathy 
Metabolism of drugs, 35, 37 

Metaproterenol, 582 

Metaxalone, 1203—1204t 

Metergoline, 703¢ 

Metformin 

acidosis and, 1002t, 1007, 1010 

heart failure and, 505, 506, 515 

hemolytic anemia and, 1105¢ 





hepatic/cholestatic diseases and, 849t 
macrocytic anemia and, 1107, 1108, 1108¢ 
nausea/vomiting and, 909¢ 
oral lichenoid reactions and, 1271t 
taste disorders and, 1260t 
thyroid diseases and, 702t 
visual disturbances and, 304t 
weight gain and, 1174, 1175, 1175¢ 
Methadone 
constipation and, 836¢ 
hyperprolactinemia and, 743¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 906t¢ 
ototoxicity and, 1233, 1239 
sexual dysfunction and, 763t, 783t, 786t 
SIADH and, 984¢ 
sinus bradycardia/atrioventricular block and, 571t, 578¢ 
smoking and, 32 
thyroid diseases and, 702t 
torsades de pointes and, 5327, 540t, 542, 544 
vaginal bleeding disorders and, 782t, 785t, 795 
as withdrawal treatment, 424t 
Methamphetamine 
alopecia and, 167t 
anxiety and, 401 
monomorphic ventricular tachycardia and, 524¢ 
myocardial ischemia/acute coronary syndromes and, 473¢, 486 
psychosis and, 417 
teratogenicity and, 1327 
visual disturbances and, 304t 
Methanol, 304t 
Methazolamide, 146t, 783¢, 786t 
Methicillin, 956, 11887 
Methimazole 
allergic reactions to, 74—75t 
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alopecia and, 173t, 175 
aplastic anemia and, 1100t 
asthma/bronchospasm and, 452t 
hepatic/cholestatic diseases and, 849t 
neutropenia/agranulocytosis and, 1088, 1091, 1093-1094 
pancreatitis and, 885 
systemic lupus erythematosus and, 124¢ 
teratogenicity of, 1334 
thyroid diseases and, 703, 715—717 
Methionine, 868, 1243 
Methocarbamol, 1260t 
Methohexital, 907 
Methotrexate 
allergic reactions to, 74¢ 
alopecia and, 170t, 172t, 174, 176, 186, 191 
asthma/bronchospasm and, 452t 
depression and, 384 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 8532, 856, 864, 866, 868 
infertility and, 783¢, 786¢ 
interstitial ling disease/pulmonary fibrosis and, 432t, 4351, 437, 438 
macrocytic anemia and, 1107, 1109 
myocardial ischemia/acute coronary syndromes and, 472 
nausea/vomiting and, 908t, 916¢ 
oral erythema multiforme and, 1267t¢ 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
photosensitivity and, 146¢, 154 
seizures and, 218t, 222t 
teratogenicity of, 1324, 1325, 1330, 1331, 1334¢ 
valvular/pericardial heart disease and, 661t 
visual disturbances and, 304t 
weight gain and, 1172 
Methoxsalen, 146¢, 150 
Methoxyflurane, 861t, 1209¢ 
Methsuximide, 1263t 
Methyclothiazide, 146 
Methyl bromide/chloride/dichloride, 849¢ 
Methylcellulose, 840t 
Methyldopa 
allergic reactions to, 75t¢ 
asthma/bronchospasm and, 452t 





color changes of oral mucosa and teeth and, 1254¢ 
delirium and, 327t 

depression and, 376t, 378, 385, 385t¢ 

drug fever and, 1188, 1190 
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hemolytic anemia and, 11012, 1105z, 1106 

hepatic/cholestatic diseases and, 8471, 861¢ 

hyperprolactinemia and, 742, 743—744t 

hypotension and, 633t, 639t 

neutropenia/agranulocytosis and, 1090t 

oral lichenoid reactions and, 1270, 1271t 

pancreatitis and, 8787, 882, 886 

parkinsonism and, 271t, 273t 

photosensitivity and, 146¢ 

sexual dysfunction and, 759¢ 

SIADH and, 984¢ 

sleep disorders and, 348¢ 

systemic lupus erythematosus and, 124¢, 127, 128¢, 130 

tardive dyskinesia and, 265 

taste disorders and, 1260t 

thrombocytopenia and, 1051¢ 

vaginal bleeding disorders and, 782t, 785t 

valvular/pericardial heart disease and, 6612, 662 
Methylene blue, 1467, 1105¢, 1203—1204t 
Methylenedioxymethamphetamine (MDMA). See Ecstasy 
Methylergometrine, 472¢ 
Methylergonovine, 472, 1236t 
Methylnaltrexone, 840, 8407, 841, 928 
Methylphenidate 

alopecia and, 167t 

anxiety and, 400¢, 401, 405¢ 

depression and, 391 





growth hormone deficiency and, 748, 748¢ 
hepatic/cholestatic diseases and, 852t 
myocardial ischemia/acute coronary syndromes and, 473¢ 
psychosis and, 416r, 418¢ 
seizures and, 219¢, 221 
sexual dysfunction and, 761¢ 
sleep disorders and, 349t 
stroke and, 230—23 1t, 232 
Methylprednisolone 
acute kidney injury and, 957 
alopecia and, 171t¢ 
asthma/bronchospasm and, 452t 
atrial fibrillation/atrial flutter and, 5821, 586, 586t 
AV node re-entrant tachycardia and, 592t 
hirsutism and, 195t 
hypertrichosis and, 196t¢ 
hypotension and, 644 
for immune complex diseases, 100 
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nausea/vomiting and, 924+ 

pancreatitis and, 888 

pharmacologic characteristics of, 739t 

sinus bradycardia/atrioventricular block and, 571t 

thrombocytopenia and, 1059 

thromboembolic diseases and, 1066¢, 1070t 
Methyltestosterone, 102t, 167¢, 176, 178, 195¢ 
Methylthiouracil, 124 
Methysergide 

hypertension and, 620t 

interstitial lung disease/pulmonary fibrosis and, 432¢ 

myocardial ischemia/acute coronary syndromes and, 472 

systemic lupus erythematosus and, 126t 

thyroid diseases and, 703¢ 

valvular/pericardial heart disease and, 659, 660-6611, 662-664, 668, 6687 
Metoclopramide 

akathisia and, 255, 255—256t, 258t 

anxiety and, 400t 

depression and, 385 

diarrhea and, 823, 823t 

drug fever and, 1188¢ 

dystonia and, 266, 269, 269¢ 

hirsutism and, 195¢, 199¢ 

hyperprolactinemia and, 742, 7431, 745 

myocardial ischemia/acute coronary syndromes and, 473¢, 474 

nausea/vomiting and, 910, 919, 923, 927-929, 927-929t 

neuroleptic malignant syndrome and, 1195, 1195¢ 

neutropenia/agranulocytosis and, 1090¢ 

parkinsonism and, 271t, 273, 273t 

serotonin syndrome and, 1203—1204t 

sexual dysfunction and, 758t, 763t 

tardive dyskinesia and, 260¢, 261—263, 264t 

thyroid diseases and, 702t 

torsades de pointes and, 533, 539—540t 
Metolazone, 92, 633t, 6382, 1066¢, 1070t, 1260¢ 
Metoprolol 

alopecia and, 168¢ 

atrial fibrillation/atrial flutter and, 587t 

atrial tachycardia and, 591 

comorbidity and, 34 

delirium and, 327t 

heart failure and, 512 

hypotension and, 632t, 6381, 646¢ 

oral erythema multiforme and, 1267t¢ 

oral lichenoid reactions and, 1271t 
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psychosis and, 417¢ 
sinus bradycardia/atrioventricular block and, 578t, 579 
systemic lupus erythematosus and, 125¢ 
teratogenicity of, 1317 
Metrizamide, 707t 
Metronidazole 
acidosis and, 1002t 
bleeding disorders and, 1031 
cutaneous diseases and, 102t 
diarrhea and, 828-829 
hepatic/cholestatic diseases and, 871 
myocardial ischemia/acute coronary syndromes and, 472¢ 
nausea/vomiting and, 909, 9111, 915 
oral lichenoid reactions and, 1271t 
osteonecrosis of jaw and, 1276 
ototoxicity and, 1236¢ 
pancreatitis and, 8787, 880, 885, 886t, 891t 
peripheral neuropathy and, 280+ 
serum sickness-like reactions and, 1193¢ 
taste disorders and, 1260t 
torsades de pointes and, 533z, 539t 
visual disturbances and, 305¢t 
Metyrapone, 180, 195¢ 
Mevalonic acid, 866 
Mexiletine, 2187, 502, 507, 5102, 634¢ 
Mezlocillin, 1188¢ 
Mianserin, 259, 392 
Miconazole, 790t, 792 
Microcephaly, 1330-1331, 1330f 
Microcytic anemia, 1102¢ 
Midazolam, 34, 39, 77t, 226, 305t, 927t 
Midodrine, 646, 646t, 647, 872 
Mifepristone, 7t, 702t 
Milk of magnesia, 1273 
Milk thistle, 868 
Milnacipran, 1203—1204¢ 
Milrinone 
atrial fibrillation/atrial flutter and, 582t 
hypotension and, 636t, 640t, 644, 645¢ 
monomorphic ventricular tachycardia and, 524¢ 





myocardial ischemia/acute coronary syndromes and, 472t 
sinus bradycardia/atrioventricular block and, 571t, 577t 
Mineralocorticoids, 645, 1012, 1015, 1017 
Mineral oil, 193, 840+ 
Minerals, 702t 
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Minocycline 
allergic reactions to, 74—75t, 84, 85, 95 
color changes of oral mucosa and teeth and, 1253, 1254¢, 1255 
cutaneous diseases and, 103¢ 
drug fever and, 1188¢ 
hemolytic anemia and, 1104 
hepatic/cholestatic diseases and, 861¢ 
ototoxicity and, 1236¢ 
pancreatitis and, 8797, 882 
photosensitivity and, 146¢ 
serum sickness-like reactions and, 1193¢ 
systemic lupus erythematosus and, 124¢, 127-130, 128¢, 133 
thyroid diseases and, 700t, 710 
Minoxidil 
adverse effects of, 193 
alopecia and, 186, 187, 1872, 190, 191 
heart failure and, 503¢, 510¢ 
hirsutism and, 194, 198 
hypertrichosis and, 194-195, 196-197¢, 198, 202, 203 
hypotension and, 633t, 640t 
myocardial ischemia/acute coronary syndromes and, 472t, 477t 
ototoxicity and, 1236¢ 
Rogaine development and, 50 
systemic lupus erythematosus and, 125¢ 
thrombocytopenia and, 1051¢ 
valvular/pericardial heart disease and, 661t, 662, 668-6691, 669 
Mipomersen, 7t, 849t 
Mirtazapine 
akathisia and, 254, 259 
delirium and, 327t 
ototoxicity and, 1236¢ 
pancreatitis and, 891 
photosensitivity and, 146¢ 
secondary adrenal insufficiency and, 736—737t, 737 
sexual dysfunction and, 772 
SIADH and, 9822, 990 
weight gain and, 1166¢, 1169¢, 1170 
Misoprostol, 817, 822—823t, 1236t, 1324 
Mistletoe, 851 
Mitochondrial myopathy, 1150, 1152-1154, 1152¢, 1159 
Mitogen-activated protein kinase (MEK) inhibitors, 1295, 1296 
Mitomycin, 170t, 848¢ 
Mitomycin C, 146¢, 4321, 1054 
Mitotane, 702t, 735, 736—737t, 737, 741 
Mitoxantrone 
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alopecia and, 170t 
atrial fibrillation/atrial flutter and, 582t 
heart failure and, 503¢, 510¢ 
leukemia and, 1285, 12881, 1291 
nausea/vomiting and, 908¢ 
Mivacurium, 73¢, 4521, 636t, 6382, 644 
Mixed amphetamine salts, 401 
MMR (measles, mumps, and rubella) vaccine, 21, 1267¢ 
Mobitz type I/type II second-degree AV block, 575 
Moclobemide, 743t, 1203—1204t, 1207 
Modafinil, 1042, 4002, 409, 417¢ 
Moexipril, 146t, 6321, 638¢ 
Molindone, 7432, 852, 1195t, 1199 
Mometasone, 731t, 732, 736t, 739 
Monoamine oxidase inhibitors (MAOIs) 
cognitive disorders and, 360 
delirium and, 327t 
food interactions with, 40 





hepatic/cholestatic diseases and, 852t 
hypertension and, 6182, 620t 
psychosis and, 417—418¢ 
serotonin syndrome and, 1202, 1203—1204t, 1205-1207 
sexual dysfunction and, 759—760t 
sleep disorders and, 348t, 350t 
weight gain and, 1171 
Monoclonal antibodies, 95, 439, 822¢, 11294, 1192, 1194 
Monomorphic ventricular tachycardia, 523-530 
causative agents of, 523, 524t 
clinical presentation of, 526—527t, 526-528, 527f 
differential diagnosis of, 527, 527t 
epidemiology of, 523 
management of, 530, 531f 
mechanisms of, 525-526, 525t 
morbidity and mortality for, 529 
patient education on, 530 
prevention of, 529-530, 529t 
risk factors for, 528—529, 528t 
Montelukast, 385, 400¢, 404, 462, 853¢ 
MOPP regimen, 12847, 1285, 1286 
Morbidity and mortality 
for acidosis, 1007 
for acute interstitial nephritis, 956 
for acute tubular necrosis, 952 
adverse reactions and, 29 
for akathisia, 258 
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for alkalosis, 1015-1016 

for alopecia, 185 

for amenorrhea and oligomenorrhea, 794 
for anxiety, 409-410 

for aplastic anemia, 1102—1103 

for asthma and bronchospasm, 460—461 
for atrial fibrillation/atrial flutter, 586 

for atrial tachycardia, 590 

for atrioventricular node re-entrant tachycardia, 594 
for bladder cancer, 1304 

for bleeding disorders, 1032—1034 

for breast cancer, 1300 

for Brugada syndrome, 548 

for chemotherapy-induced anemia, 1110 
for chronic kidney disease, 973-974 

for cognitive disorders, 366 

for color changes of oral mucosa and teeth, 1257 
for congenital heart defects, 1324 

for constipation, 839 

costs for drug-related diseases, 27—28 

for Cushing syndrome, 733 

for cutaneous diseases, 112 

for delirium, 333-334, 366 

for depression, 389 

for diabetes insipidus, 993 

for diarrhea, 826 

for drug allergies, 88 

for drug fever, 1190 

for dysmenorrhea, 797 

for dystonia, 269 

for endometrial cancer, 1302 

epidemiology in explanations of, 21, 22, 25, 26 
for female sexual dysfunction, 799 

for fetal alcohol spectrum disorders, 1333 
for gastroschisis, 1327 

for gingival hyperplasia, 1265 

for glomerulonephritis, 959 

for glucose and insulin dysregulation, 688—689 
for gout and hyperuricemia, 1143 

for growth hormone deficiency, 749 

for heart failure, 514-515 

for hemodynamic-mediated AKI, 947-948 
for hemolytic anemia, 1106 

for hepatic and cholestatic diseases, 865 
for hirsutism, 203 
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for hyperprolactinemia, 746 

for hypertension, 623 

for hypertrichosis, 203 

for hypotension, 643 

for hypothermia, 1217 

for infertility, 801 

for interstitial lung disease/pulmonary fibrosis, 438 
for intracerebral hemorrhage, 244 

for learning disabilities, 1316 

for leukemia, 1291 

for limb deficiency defects, 1325-1326 

for low birth weight, 1318 

for lymphoma, 1294 

for macrocytic anemia, 1108 

for male sexual dysfunction, 771 

for malignant hyperthermia, 1212 

for menorrhagia and menometrorrhagia, 796 
for microcephaly, 1331 

for monomorphic ventricular tachycardia, 529 
for myocardial ischemia/acute coronary syndromes, 482—484 
for myopathy, 1157 

for nausea and vomiting, 919-920 

for neural tube defects, 1329 

for neuroleptic malignant syndrome, 1199 

for neutropenia and agranulocytosis, 1094 

for oral erythema multiforme, 1269 

for oral lichenoid reactions, 1273 

for orofacial clefts, 1321 

for osteonecrosis of jaw, 1275 

for osteoporosis and osteomalacia, 1126-1127 
for ototoxicity, 1242 

for ovarian hyperstimulation, 784 

for pancreatitis, 890-891, 891t 

for parkinsonism, 273 

for peripheral neuropathy, 285—286 

for photosensitivity, 154 

for psychosis, 422 

for secondary adrenal insufficiency, 740 

for seizures, 224—225 

for serotonin syndrome, 1207 

for serum sickness-like reactions, 1194 

for SLADH, 989 

for sinus bradycardia/atrioventricular block, 578 
for skin cancer, 1297 

for sleep disorders, 351—352 
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for stroke, 234 
for systemic lupus erythematosus, 134 
for tardive dyskinesia, 263 
for taste disorders, 1262 
for thrombocytopenia, 1056 
for thromboembolic diseases, 1074 
for thyroid diseases, 714 
for torsades de pointes, 541-542 
for upper gastrointestinal ulceration, 816 
for valvular and pericardial heart disease, 669 
for visual disturbances, 317 
for vulvovaginal candidiasis, 791—792 
for weight gain, 1173 
Morbidity and Mortality Weekly Report (CDC), 53 
Moricizine, 502t, 507, 5102, 528 
Morphine 
acute kidney injury and, 958 
atrial fibrillation/atrial flutter and, 582t 
comorbidity and, 34 
constipation and, 836¢ 
delirmm and, 326t, 335 
hyperprolactinemia and, 743¢ 
hypotension and, 636t, 638¢ 
hypothermia and, 1215, 1218 
myocardial ischemia/acute coronary syndromes and, 4721, 487t, 489 
nausea/vomiting and, 906f, 928 
ototoxicity and, 1233 
seizures and, 218¢ 
SIADH and, 984¢ 
thyroid diseases and, 703¢ 
Mortality. See Morbidity and mortality 
Morus alba L, 221 
Motesanib, 699f, 708 
Mountain laurel, 305t 
Movement disorders, 253—273 
akathisia (acute and tardive), 254-259 
dystonia (acute and tardive), 265—270 
overview, 253—254 
parkinsonism, 270-273 
tardive dyskinesia, 259-265 
Moxifloxacin, 104t, 146t, 532t, 9841, 10512, 1236¢, 1260¢ 
MPA. See Medroxyprogesterone acetate 
mTOR inhibitors. See Mammalian target-of-rapamycin inhibitors 
Mulberry, 221 
Multidrug resistant tuberculosis (MDR-TB), 288 
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Multifocal atrial tachycardia, 588, 590, 591, 591t 
Multiple sclerosis agents, 172t, 179t 
Mumps, 29 
Muromonab, 77t, 1066¢, 1070t 
Muromonab-CD3, 635t, 12361, 1284, 12882, 1292 
Muscarine subtype | (M1) receptors, 912 
Muscle relaxants, 270, 12092, 1210, 1212, 1212¢, 1213 
Mushroom poisoning, 8517, 864 
Myalgia, 1149, 1151, 1155, 1159 
Mycophenolate 
alopecia and, 172t, 174 
chronic kidney disease and, 967, 974 
depression and, 382 
drug fever and, 1188¢ 
sinus bradycardia/atrioventricular block and, 571t, 577t 
skin cancer and, 1298 
teratogenicity of, 1319, 1320, 1330, 1331 
upper gastrointestinal ulceration and, 815 
Mycophenolate mofetil, 432¢, 1127 
Mycophenolic acid, 822 
Mydriatics, 315 
Myelodysplastic syndrome (MDS), 1283, 1286-1287, 1289 
Myelosuppressive therapy, 1110 
Myocardial ischemia/acute coronary syndromes, 471—489 
causative agents of, 471-474, 472—473t 
clinical presentation of, 480—482, 4811, 483¢ 
cocaine-induced, 474-475, 478, 481—489, 4834, 487¢ 
differential diagnosis of, 482, 483¢ 
epidemiology of, 474-476 
management of, 485—489, 487¢ 
mechanisms of, 476-480, 477t 
morbidity and mortality for, 482—484 
patient education on, 489 
prevention of, 484—485, 484r 
risk factors for, 482, 483¢ 
Myocilin, 317 
Myopathy, 1149-1160 
causative agents of, 1150-1151, 1150¢ 
clinical presentation of, 1153-1155, 1154¢ 
corticosteroid, 1150f, 1151, 11524, 1153, 1155-1159 
defined, 1149 
differential diagnosis of, 1154, 1154¢ 
epidemiology of, 1151 
management of, 1158-1159 
mechanisms of, 1151-1153, 1152¢ 
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mitochondrial, 1150, 1152-1154, 1152¢, 1159 
morbidity and mortality for, 1157 
necrotizing myopathy, 1150, 1152-1155, 1152¢, 1158 
painless, 1150-1153, 11522, 1155 
patient education on, 1160 
prevention of, 1157-1158, 1158¢ 
risk factors for, 1155—1157, 1156¢ 
Myositis, 1149, 1151, 1157 


Nabilone, 929t 
Nab-paclitaxel, 908+ 
Nabumetone 
acute kidney injury and, 944 
alopecia and, 172 
heart failure and, 510¢ 
ototoxicity and, 1236¢ 
photosensitivity and, 146¢, 150 
upper gastromtestinal ulceration and, 817 
N-acetylcysteine (NAC) 
acute kidney mjury and, 954 
asthma/bronchospasm and, 4521, 455, 455¢ 
heart failure and, 515 
hepatic/cholestatic diseases and, 866 
hypersensitivity reactions to, 77t 
ototoxicity and, 1242r 
serum sickness-like reactions and, 1193¢ 
N-acetyl-p-benzoquinone imine (NAPQI), 33, 39, 856, 864, 970 
N-acetylprocainamide, 134 
Nadolol, 168t, 461, 577t, 6322, 638t 
Nadroparin, 167¢ 
Nafarelin, 700t 
Nafcillin, 1252, 1188¢ 
Nalbuphine, 906 
Nalidixic acid, 147t, 305t, 1002t, 1051¢ 
Nalmefene, 840, 840r 
Naloxegol, 840, 840r 
Naloxone 
for constipation, 840—841, 840 
hepatic/cholestatic diseases and, 869 





nausea/vomiting and, 927t¢ 
psychosis and, 424t 
restrictive drug distribution system for, 7t 
seizures and, 218¢ 
Naltrexone, 174¢, 180¢, 349t 
Nandrolone, 102t, 167t, 176, 1952, 402, 1065¢, 1069 
NANSAIDs (nonaspirin nonsteroidal anti-inflammatory drugs), 239, 816 
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Naphazoline, 1051¢ 
NAPQI. See N-acetyl-p-benzoquinone imine 
Naproxen 
alopecia and, 172 
bleeding disorders and, 1033 
comorbidity and, 34 
drug fever and, 1188¢ 
gout/hyperuricemia and, 1145 
heart failure and, 510¢ 
hepatic/cholestatic diseases and, 846t 
myocardial ischemia/acute coronary syndromes and, 475, 479 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1236¢ 
pancreatitis and, 881 
photosensitivity and, 147¢, 150 
sexual dysfunction and, 760t, 783t, 786t 
stroke and, 230 
systemic lupus erythematosus and, 126t 
thrombocytopenia and, 1051¢ 
visual disturbances and, 305t¢ 
Naranjo Scale, 64, 65, 65¢ 
Naratriptan, 380 
Narcotics 
acidosis and, 1003¢, 1005, 1007 
acute kidney injury and, 958 
delirium and, 325 
hypotension and, 643 
myocardial ischemia/acute coronary syndromes and, 489 
seizures and, 225 
sexual dysfunction and, 798 
visual disturbances and, 305¢ 
Nasal decongestants, 401 
Nasal glucocorticoids, 731¢, 733-735, 736t, 738, 741 
Natalizumab, 7t, 96, 1193 
National Academy of Medicine, 12, 19, 51, 53, 55 
National Birth Defects Prevention Study (NBDPS), 1320, 1323 
National Cancer Institute, 825, 826 
National Comprehensive Cancer Network (NCCN), 1111, 1283, 1292, 1303, 1305 
National Coordinating Council for Medication Error Reporting and Prevention, 42 
National Institute for Health and Care Excellence (NICE), 333, 336 
National Institute of Mental Health, 262 
National Institutes of Health (NIH), 14, 230, 236, 241 
Natriuretic peptides, 636t 





Nausea and vomiting, 905—93 1 


2666 


afferent pathways of, 912, 913f 
causative agents of, 905-910, 906—909t 
chemotherapy-induced. See Chemotherapy-induced nausea and vomiting (CINV) 
clinical presentation of, 912t, 915-916, 916t 
differential diagnosis of, 915, 916 
epidemiology of, 910 
management of, 927—929t, 927-930 
mechanisms of, 910-915, 9114, 913f 
morbidity and mortality for, 919-920 
opioid-induced. See Opioid-induced nausea and vomiting 
patient education on, 930-931 
postoperative. See Postoperative nausea and vomiting (PONV) 
prevention of, 920—927, 9211, 924—925t 
risk factors for, 917—918t, 917-919 
NBDPS (National Birth Defects Prevention Study), 1320, 1323 
NCCN. See National Comprehensive Cancer Network 
NCS (nerve-conduction studies), 284 
NDAs (New Drug Applications), 48, 51 
Nebwvolol, 578¢, 632t, 638¢ 
Necrotizing myopathy, 1150, 1152-1155, 1152z, 1158 
Nefazodone, 772, 852t, 1202, 1203—1204t 
Nefopam, 218¢, 472 
Nelfinavir, 5332, 539-5404, 1123 
Neomycin, 871, 1236¢ 
Neoplastic injury, 855t, 858, 8591, 861t, 862. See also Cancer 
Neostigmine, 452¢, 571t, 574t 
NEPA (netupitant—palonosetron), 926 
Nephrolithiasis, 957—958 
causative agents of, 9447, 957 
clinical presentation of, 946¢, 957 
differential diagnosis of, 946t, 957 
epidemiology of, 957 





management of, 958 

mechanisms of, 957 

patient education on, 958 

prevention of, 958 

risk factors for, 958 
Nephrotoxicity, 37 
Neprilysin inhibitors, 516, 633¢ 
Nerve-conduction studies (NCS), 284 
Nerve growth factor (NGF)-1, 288 
Nesiritide, 636, 640¢, 644, 645¢ 
Netupitant—palonosetron (NEPA), 926 
Neural tube defects, 1327-1329 

causative agents of, 1328 
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clinical presentation of, 1327—1328f, 1329 
differential diagnosis of, 1329 
epidemiology of, 1328 
mechanisms of, 1328-1329 
morbidity and mortality for, 1329 
risk factors for, 1329 
Neurocardiogenic syncope, 637, 641 
Neurocognitive disorders. See Cognitive disorders 
Neurokinin A, 82, 457 
Neurokinin (NK-1) receptors, 912, 914, 923-927, 929 
Neuroleptic malignant syndrome (NMS), 1195—1202 
causative agents of, 1195, 1195¢ 
clinical presentation of, 1187, 1196-1198, 1196¢, 1206 
differential diagnosis of, 1197-1198, 1198 
epidemiology of, 1196 
management of, 1200-1201, 1200—1201¢ 
mechanisms of, 1196 
morbidity and mortality for, 1199 
patient education on, 1202 
prevention of, 1199-1200, 1199¢ 
risk factors for, 1198, 1198¢ 
Neuroleptics, 360, 1195-1202, 1205. See also Conventional neuroleptics 
Neuromuscular blocking agents 
hypotension and, 636t 
malignant hyperthermia and, 1211, 1212, 1213+ 
myopathy and, 1156 
nausea/vomiting and, 907, 911¢, 914, 921 
Neuromyopathy, 1150, 1151, 1152¢, 1153, 1155 
Neuropathy. See Peripheral neuropathy 
Neuropsychiatric agents, 851—852t 
Neutropenia and agranulocytosis, 1087-1096 
causative agents of, 1087-1088, 1089—1090r 
clinical presentation of, 1092-1093, 1092t 
differential diagnosis of, 1092, 1092t 
epidemiology of, 1088, 1091 
management of, 1095-1096 
mechanisms of, 1091, 1091¢ 
morbidity and mortality for, 1094 
patient education on, 1096 
prevention of, 1094-1095, 1095¢ 
risk factors for, 1093-1094, 1093¢ 
Nevirapine 
allergic reactions to, 75t¢ 
cutaneous diseases and, 101, 104¢, 1114, 113¢ 
hyperprolactinemia and, 744¢ 
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oral erythema multiforme and, 1267¢ 
New Drug Applications (NDAs), 48, 51 
New molecular entities (NMEs), 8 
NGF (nerve growth factor)-1, 288 
NHL (non-Hodgkin lymphoma), 1286, 1292-1294, 1303 
Niacin 
acidosis and, 1002t 
glucose/mnsulin dysregulation and, 679, 680t, 684 
hepatic/cholestatic diseases and, 8491, 864 
myopathy and, 1156 
visual disturbances and, 305t¢ 
Nicardipine 
gingival hyperplasia and, 1263¢ 
hypotension and, 633¢, 639t, 644 
myocardial ischemia/acute coronary syndromes and, 478 
ototoxicity and, 1236¢ 
sinus bradycardia/atrioventricular block and, 571t, 573t, 577t 
stroke and, 236 
NICE (National Institute for Health and Care Excellence), 333, 336 
Nicotinamide hydroiodide, 707t 
Nicotine. See Smoking 
Nicotine patch, 984 
Nicotinic acid, 680¢, 6844, 7034, 1136t, 1139, 11444, 1152 
Nifedipine 
alopecia and, 168¢ 





asthma/bronchospasm and, 463 

delirium and, 327t 

drug fever and, 1188¢ 

gingival hyperplasia and, 1262, 1263¢ 

heart failure and, 502t, 505, 509-510, 5101, 515 

hypertrichosis and, 196t 

hypotension and, 633t, 639t 

myocardial ischemia/acute coronary syndromes and, 472t, 477t, 478 

neutropenia/agranulocytosis and, 1090¢ 

oral erythema multiforme and, 1267t¢ 

ototoxicity and, 1236¢ 

photosensitivity and, 147¢ 

systemic lupus erythematosus and, 124¢ 

tardive dyskinesia and, 265 

taste disorders and, 1260—1261t 

teratogenicity of, 1317 
Niferidil, 524t 
NIH (National Institutes of Health), 14, 230, 236, 241 
Nilotinib, 170t, 699-7001, 883, 1087, 1109¢ 
Nilutamide, 432 


2669 


Nimesulide, 846t 

Nimodipine, 6334, 639¢, 1236t, 1263 

9 points of consideration for adverse events, 63—64 
Nintedanib, 440 

Nisoldipine, 4722, 6334, 639t, 1263t 

Nitazoxanide, 829 

Nitrates, 478, 484-486, 488, 510, 574, 642-643, 645t 
Nitrendipine, 953 

Nitric oxide, 261, 766, 857, 866, 868 

Nitroaliphatic compounds, 849 

Nitroaromatic compounds, 849¢ 

Nitrofurantoin 

alopecia and, 174, 180 

drug fever and, 1188¢ 

hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 8471, 861¢ 
interstitial lung disease/pulmonary fibrosis and, 432t, 435t 





macrocytic anemia and, 1108¢ 
myocardial ischemia/acute coronary syndromes and, 472 
neutropenia/agranulocytosis and, 1090t 
peripheral neuropathy and, 280+ 
sexual dysfunction and, 762t, 765t 
systemic lupus erythematosus and, 125¢ 
Nitroglycerin 
hypotension and, 633¢, 634t, 640¢ 
myocardial ischemia/acute coronary syndromes and, 4721, 481, 484, 487¢, 488, 489 
sinus bradycardia/atrioventricular block and, 571t, 574¢ 
taste disorders and, 1260t 
thrombocytopenia and, 1051¢ 
Nitroprusside 
acidosis and, 1002r 
hypotension and, 633¢, 640t, 644 
myocardial ischemia/acute coronary syndromes and, 4721, 477t, 488 
ototoxicity and, 1236¢ 
Nitrosoureas, 432, 966t, 970t, 1284 
Nitrous oxide 
malignant hyperthermia and, 1212, 1212¢ 
nausea/vomiting and, 907t, 911t, 914, 917, 921, 923 
peripheral neuropathy and, 28 1¢ 
psychosis and, 417—418¢ 
seizures and, 225 
Nivolumab, 825 
Nizatidine, 3281, 1105¢, 1174 
NK-1 (neurokinin) receptors, 912, 914, 923-927, 929 
NMEs (new molecular entities), 8 
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N-methyl-D-aspartate (NMDA), 261, 418, 1205, 1239 
NMS. See Neuroleptic malignant syndrome 
NMSC (nonmelanoma skin cancer), 1296-1298 
NNRTIs (non-nucleoside reverse transcriptase inhibitors), 3582, 377-378, 690, 847t 
Nonacetylated salicylates, 489, 812 
Nonadherence to medications, 28, 41 
Nonaspirin nonsteroidal anti-inflammatory drugs (NANSAIDs), 239, 816 
Nondepolarizing muscle relaxants, 1209f, 1210, 1212, 1212—1213¢, 1213 
Non-Hodgkin lymphoma (NHL), 1286, 1292-1294, 1303 
Noni juice, 851¢ 
Nonimmediate drug reactions, 80, 81 
Nonmelanoma skin cancer (NMSC), 1296-1298 
Non-nucleoside reverse transcriptase inhibitors (NNRTIs), 3582, 377-378, 690, 847t 
Nonpotassium-sparing diuretics, 34 
Nonrapid eye movement (NREM) sleep, 347 
Nonselective NSAIDs 
acute kidney injury and, 945, 947 
heart failure and, 509 
myocardial ischemia/acute coronary syndromes and, 4721, 475, 479, 489 
stroke and, 231 
upper gastromtestinal ulceration and, 810t 





Nonselective opioid receptor antagonists, 840t 

Nonsteroidal anti-inflammatory drugs (NSAIDS) 
acidosis and, 1003+ 
acute kidney injury and, 942, 943-9452, 944-949, 953, 956, 958-959 
allergic and hypersensitivity reactions to, 74t, 77t, 81, 87, 97-98 
alopecia and, 172t, 179t 
anxiety and, 401¢, 403—404 
aplastic anemia and, 1100¢ 
asthma/bronchospasm and, 451, 453, 4532, 455-458, 455t, 460, 461, 463 
bleeding disorders and, 1025, 1026, 1026t, 1029t, 1030, 1033, 1039 
chronic kidney disease and, 965, 968-970 
cognitive disorders and, 358—359t, 361 
constipation and, 836t 
cutaneous diseases and, 101, 103¢ 
delirmm and, 325, 327t 
depression and, 385 
diarrhea and, 823¢ 
drug-induced hospitalizations from, 26 
glucose/msulin dysregulation and, 688 
gout/hyperuricemia and, 1141, 1144, 1145 
heart failure and, 501, 503—504t, 508-509, 512, 516, 517 
hemolytic anemia and, 1105¢ 
hypertension and, 618z, 620t, 623 
hypertrichosis and, 197t 
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hypotension and, 647 

hypothermia and, 1216 

myocardial ischemia/acute coronary syndromes and, 4721, 473, 475, 476, 477t, 485, 489 
neutropenia/agranulocytosis and, 1087, 1088, 1090 
nonaspirin, 239, 816 

nonselective. See Nonselective NSAIDs 

oral lichenoid reactions and, 1270 

ototoxicity and, 1233 

ovarian hyperstimulation and, 789 

oxicam, 101 

pancreatitis and, 881, 887-888 

peripheral neuropathy and, 288 

photosensitivity and, 143, 150, 150¢, 154, 155 
seizures and, 224 

sexual dysfunction and, 759t 

stroke and, 230, 230—231t, 231, 233, 235t 

for systemic lupus erythematosus, 135 
teratogenicity of, 1334 

thrombocytopenia and, 1052, 1052 

thyroid diseases and, 703¢ 

upper gastromtestinal ulceration and, 809-819, 810-8114, 816 
vaginal bleeding disorders and, 790t, 797 
valvular/pericardial heart disease and, 670 

visual disturbances and, 313 


weight gain and, 1175¢ 


Non-ST-segment elevation myocardial ischemia, 471 


Nonsulfonylurea secretagogues, 6821, 685t¢ 
Norelgestromin/ethinyl estradiol, 229 
Norepinephrine 


acidosis and, 1002r 

anxiety and, 406 
cocaine-induced blockade of, 478, 488 
cognitive disorders and, 360 
delirmm and, 333 

depression and, 385 

heart failure and, 512 
hypertension and, 619, 621 
psychosis and, 418, 422 

sexual dysfunction and, 766, 767 
in sleep cycles, 349 


Norethandrolone, 783¢, 786t 
Norethindrone, 176, 909t 

Norfloxacin, 147t, 472t, 1236t 
Norgestimate, 191, 2062, 229 

Normal transit constipation (NTC), 837 
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Normocytic anemia, 1102 
Nortriptyline 
alopecia and, 173¢ 
Brugada syndrome and, 547¢ 
cognitive disorders and, 365 
heart failure and, 504t, 510¢ 
ototoxicity and, 1236¢ 
photosensitivity and, 147¢ 
serotonin syndrome and, 1203—1204t 
SIADH and, 982t 
weight gain and, 1166¢, 1169¢, 1170 
NREM (nonrapid eye movement) sleep, 347 
NSAIDS. See Nonsteroidal anti-inflammatory drugs 
NTC (normal transit constipation), 837 
Nucleoside reverse-transcriptase inhibitors (NRTIs) 
acidosis and, 1002—1003¢, 1007, 1009-1011 
glucose/msulin dysregulation and, 680t, 684¢ 
hepatic/cholestatic diseases and, 847t 
osteoporosis/osteomalacia and, 1123t 
peripheral neuropathy and, 282, 282t 
Numerator, in incidence of drug-induced disease, 25 
Nutritional supplements, 415, 420, 423 


Nux vomica, 221 


Obesity, 1165, 1171-1175. See also Weight gain 
Obeticholic acid, 7t 
Obinutuzumab, 1271t 
Ocriplasmin, 305¢ 
Octreotide 
diabetes insipidus and, 991t 
diarrhea and, 827t, 828 
growth hormone deficiency and, 747 
hepatic/cholestatic diseases and, 850t, 871-872 
sinus bradycardia/atrioventricular block and, 571t 
thrombocytopenia and, 1051¢ 
thyroid diseases and, 6994, 703t 
Ocular toxicities. See Visual disturbances 
Office of the Inspector General (OIG), 13-14 
Ofloxacin, 104¢, 147t, 280t, 3282, 5332, 539, 991¢ 
OIC. See Opioid-induced constipation 
Oil of cloves, 851t 
OKT3. See Antithymocyte globulin 
Olanzapine 
acidosis and, 1002r 
alopecia and, 173¢t 
cannabinoids and, 33 
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constipation and, 836t 
delirium and, 326t, 329t, 338-340 
diabetes insipidus and, 991, 991 
extrapyramidal symptoms and, 254 
glucose/insulin dysregulation and, 683, 690 
hepatic/cholestatic diseases and, 852t 
hyperprolactinemia and, 743¢ 
hypotension and, 635t, 639t 
hypothermia and, 1216¢ 
nausea/vomiting and, 926, 927, 929, 929t 
neuroleptic malignant syndrome and, 1195, 1195z, 1198 
neutropenia/agranulocytosis and, 1090¢ 
off-label use of, 10 
pancreatitis and, 879t 
parkinsonism and, 271 
photosensitivity and, 147¢ 
restrictive drug distribution system for, 7¢ 
sexual dysfunction and, 761t, 772 
SIADH and, 982t 
sinus bradycardia/atrioventricular block and, 571t, 578¢ 
smoking and, 32 
stroke and, 230—231t 
tardive dyskinesia and, 265 
taste disorders and, 1260t 
thromboembolic diseases and, 1066¢, 1070t 
torsades de pointes and, 533, 539—540t, 541 
weight gain and, 1169¢, 1171, 1174, 1175 
Olaparib, 7t, 1284, 1284t, 1287, 1289 
Oleckna v. Daytona Discount Pharmacy (2015), 9¢, 11 
Oligomenorrhea. See Amenorrhea and oligomenorrhea 
Olmesartan, 6321, 638¢ 
OLR. See Oral lichenoid reactions 
Olsalazine, 823t 
Omacetaxine, 170t 
Omalizumab, 73t, 96, 462—463, 1193¢ 
Omeprazole 
chronic kidney disease and, 965, 966t 
cutaneous diseases and, 103¢ 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1237¢ 
pancreatitis and, 8797, 880 
sexual dysfunction and, 760t 
SIADH and, 984¢ 
systemic lupus erythematosus and, 126t 
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thyroid diseases and, 703¢ 
Omnibus Budget Reconciliation Act of 1987, 368 
Onabotulinumtoxin A, 174t, 180 
Oncology. See Cancer 
Ondansetron 
atrial fibrillation/atrial flutter and, 582t 
depression and, 385 
hepatic/cholestatic diseases and, 869 
hypersensitivity reactions to, 77t¢ 
myocardial ischemia/acute coronary syndromes and, 473¢ 
nausea/vomiting and, 918, 919, 922, 923, 9241, 925-929, 927—-929t 
torsades de pointes and, 5321, 539—540t 
Ophthalmic disturbances. See Visual disturbances 
Opioid analgesics 
cognitive disorders and, 365, 367 
delirium and, 325 
hepatic/cholestatic diseases and, 871 
nausea/vomiting and, 912, 920-921, 930 
peripheral neuropathy and, 289 
serotonin syndrome and, 1202, 1204-1205 
Opioid antagonists, 927t, 928 
Opioid-induced constipation (OIC), 6, 835, 836-8372, 837-841, 915, 920, 930 
Opioid-induced nausea and vomiting 
causative agents of, 9067, 910 
clinical presentation of, 915 
epidemiology of, 910 
management of, 927-928, 927t 
mechanisms of, 911t, 912 
morbidity and mortality for, 919 
patient education on, 930 
prevention of, 920-921 
risk factors for, 917, 917t 
Opioids 
acidosis and, 1011¢ 
akathisia and, 259 
alopecia and, 172 
anxiety and, 4014, 402, 404, 405 
cognitive disorders and, 358—359t, 366, 369 
constipation and. See Opioid-induced constipation (OIC) 
delirmm and, 325, 326t, 335 
duration of detection in urine, 420t 
hyperprolactinemia and, 743—744¢ 
hypersensitivity reactions to, 77t, 81 
hypotension and, 636t, 642, 644, 645t 
hypothermia and, 1216, 1216¢ 
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malignant hyperthermia and, 1212, 12122, 1213 
myocardial ischemia/acute coronary syndromes and, 472¢ 
nausea/vomiting and. See Opioid-induced nausea and vomiting 
ototoxicity and, 1233, 1239, 1239t 
for pain. See Opioid analgesics 
psychosis and, 417t, 422, 424r 
risk evaluation and mitigation strategies for, 6 
secondary adrenal insufficiency and, 737 
sedation effects of, 357 
sexual dysfunction and, 758t, 760t, 763t 
smoking and, 33 
in thermoregulation, 1186 
thyroid diseases and, 703¢ 
vaginal bleeding disorders and, 797 
withdrawal treatment protocols, 424 
Opium tincture, 827t, 828 
Oprelvekin, 1056 
Oral contraceptives 
alopecia and, 171t, 175—176, 1792, 184, 186, 188¢, 191 
breast cancer and, 1299 
color changes of oral mucosa and teeth and, 1253, 1254¢ 
cutaneous diseases and, 108 
depression and, 376f, 382, 386, 388, 3884, 391 
genetic variability and, 16 
gingival hyperplasia and, 1263¢ 
glucose/insulin dysregulation and, 680f, 684 
hepatic/cholestatic diseases and, 864 
hirsutism and, 194, 195z, 199t, 203, 205-206 
hyperaldosteronism and, 751 
hypertension and, 6182, 620-622, 620t, 624-626, 625t 
infertility and, 790t, 801 
myocardial ischemia/acute coronary syndromes and, 473—475, 473t, 477t, 480—482, 4832, 485 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
skin cancer and, 1284t 
smoking and, 33 
stroke and, 229-230, 230t, 235t 
systemic lupus erythematosus and, 126t 
tardive dyskinesia and, 262 
thromboembolic diseases and, 1064t, 1067, 1068¢, 1074-1075, 1075t 
vaginal bleeding disorders and, 782, 785t, 790t, 793, 794, 796 
visual disturbances and, 305t, 313 
vulvovaginal candidiasis and, 7822, 785t, 791 
weight gain and, 1172—1173, 1175¢ 
Oral erythema multiforme, 1265-1269 
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categorization of, 1265-1266 
causative agents of, 1266, 1266-1268 
clinical presentation of, 1253, 1256t, 1268-1269 
differential diagnosis of, 1257t, 1269 
epidemiology of, 1266 
management of, 1269 
mechanisms of, 1268, 1268¢ 
morbidity and mortality for, 1269 
patient education on, 1269 
prevention of, 1269 
risk factors for, 1258t, 1269 
Oral glucocorticoids, 731t, 736t, 739-741 
Oral hypoglycemic agents, 761, 983¢ 
Oral lichenoid reactions (OLR), 1269-1273 
causative agents of, 1270, 1270-1272 
clinical presentation of, 1256t, 1272-1273 
differential diagnosis of, 1257t, 1273 
epidemiology of, 1270 
management of, 1273 
mechanisms of, 1270, 1272, 1272t 
morbidity and mortality for, 1273 
overview, 1269 
patient education on, 1273 
prevention of, 1273 
risk factors for, 1258¢, 1273 
Oral mucosa color changes. See Color changes of oral mucosa and teeth 
Oral rehydration solution (ORS), 829 
Orexin antagonists, 353 
Orlistat, 822-8231, 823, 827, 849t, 8792, 1175 
Orofacial clefts, 1318-1321 
causative agents of, 1319, 1335 
clinical presentation of, 1318—1319f, 1321 
differential diagnosis of, 1321 
epidemiology of, 1319-1320 
mechanisms of, 1320-1321 
morbidity and mortality for, 1321 
risk factors for, 1321 
Orotic acid, 849¢ 
Orphan drugs, 48 
Orphenadrine, 703¢ 
ORS (oral rehydration solution), 829 
Orthostatic hypotension, 233, 631, 637, 641-648, 646t¢ 
Osmotic diuretics, 636t 
Osmotic laxatives, 840, 840r 
Osteomalacia. See Osteoporosis and osteomalacia 
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Osteonecrosis of jaw, 1273-1276 
causative agents of, 1273, 1274t 
clinical presentation of, 1256t, 1275 
differential diagnosis of, 1257t, 1275 
epidemiology of, 1273-1274 
management of, 1276 
mechanisms of, 1274, 1274t 
morbidity and mortality for, 1275 
patient education on, 1276 
prevention of, 1275-1276, 1275t 
risk factors for, 1258¢, 1275 
Osteoporosis and osteomalacia, 1119-1130 
causative agents of, 1120, 1121t 
clinical presentation of, 1124-1125, 1124¢ 
differential diagnosis of, 1124, 1124+ 
epidemiology of, 1120 
management of, 1129-1130, 1129¢ 
mechanisms of, 1120, 1122, 1123—1124¢ 
morbidity and mortality for, 1126-1127 
overview, 1119-1120 
patient education on, 1130 
prevention of, 1127-1128, 1128z 
risk factors for, 1125-1126, 1126t 
Ototoxicity, 1233-1244 
causative agents of, 1233-1239, 1234—1238r 
clinical presentation of, 1240-1241, 1240t 
differential diagnosis of, 1240t, 1241 
epidemiology of, 1239 
genetic factors and, 37 
management of, 1243-1244 
mechanisms of, 1239-1240, 1239t 
morbidity and mortality for, 1242 
patient education on, 1244 
prevention of, 1242-1243, 1242r 
risk factors for, 1241-1242, 124 1t 
Ovarian hyperstimulation, 78 1—790 
causative agents of, 781, 782t¢ 
clinical presentation of, 784, 787t¢ 
differential diagnosis of, 784, 788¢ 
epidemiology of, 781, 783 
management of, 787-790, 790t 
mechanisms of, 783—784, 785t 
morbidity and mortality for, 784 
patient education on, 790 
prevention of, 784, 787, 789t 
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risk factors for, 784, 788t 
Overweight, 1165, 1171-1175. See also Weight gain 
Oxacillin, 1188¢ 
Oxaliplatin 
acidosis and, 1003+ 
allergic reactions to, 73¢ 
alopecia and, 170¢ 
chemotherapy-induced anemia and, 1109¢ 
genetic variability and, 16 
hemolytic anemia and, 1109 
interstitial lung disease/pulmonary fibrosis and, 4321, 435t 
nausea/vomiting and, 908¢ 
pancreatitis and, 881 
peripheral neuropathy and, 279, 280t, 282t, 283, 285—288 
torsades de pointes and, 532z, 539t 
Oxandrolone, 167t, 195¢, 402 
Oxaprozin, 147t, 172t, 8461, 1237t 
Oxcarbazepine 
allergic reactions to, 75t, 95 
alopecia and, 168¢ 
Brugada syndrome and, 547t 
cognitive disorders and, 360 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1237¢t 
peripheral neuropathy and, 286-287, 287t 
seizures and, 218¢, 224 
SIADH and, 981, 9834, 985-988, 9887, 990 
teratogenicity of, 1319 
thyroid diseases and, 699t 
Oxitropium, 463 
Oxprenolol, 125¢, 1051¢ 
Oxycodone, 906¢, 984#, 1203—1204t, 1205 
Oxymetazoline, 230r 
Oxymetholone, 167t, 195z, 402 
Oxymorphone, 906¢, 1233, 1237¢ 
Oxyphenisatin, 861 
Oxytocin, 4531, 473t, 729, 782t, 786t, 796 
Ozagrel, 463 


PABA (para-aminobenzoic acid), 153, 154 
Pacemakers, 572, 576-578, 580 
Paclitaxel 
allergic and hypersensitivity reactions to, 73t, 75t, 77t, 97t 
alopecia and, 170 
atrial fibrillation/atrial flutter and, 582t 
cutaneous diseases and, 102t 
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heart failure and, 503t, 508, 510¢ 
interstitial lung disease/pulmonary fibrosis and, 433t, 435t 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 908¢ 
ototoxicity and, 1237¢ 
pancreatitis and, 881 
peripheral neuropathy and, 280¢, 285 
photosensitivity and, 147¢ 
sinus bradycardia/atrioventricular block and, 571t, 573t, 577-S78t 
taste disorders and, 1260t 
thromboembolic diseases and, 1065t, 1069 
visual disturbances and, 305, 316 
weight gain and, 1172 
Painless myopathy, 1150-1153, 1152¢, 1155 
Pain medications. See Analgesics 
Palbociclib, 170t 
Paliperidone, 254, 271, 761t, 1166t, 11692, 11952, 1197 
Palonosetron, 922, 924-927, 924t 
Pamidronate, 305—306r, 1237t, 1274, 1274t 
PAMORA (peripheral acting mu-opioid receptor antagonists), 840-841, 840¢ 
Pancreatitis, 877-892 
causative agents of, 877-879, 878-879t 
clinical presentation of, 888-890, 889 
differential diagnosis of, 889, 889¢ 
epidemiology of, 879-885 
management of, 892 
mechanisms of, 885—888, 886 
morbidity and mortality for, 890-891, 891 
patient education on, 892 
prevention of, 891—892, 891t 
risk factors for, 890, 890t 
Pancuronium, 907¢, 1156, 1201, 1237¢ 
Pancuronium bromide, 453t 
Panitumumab, 102+, 170t, 432t 
Panobinostat, 7¢ 
Pantoprazole 
allergic reactions to, 73¢ 
chronic kidney disease and, 965, 966t 
cutaneous diseases and, 101, 104¢ 
photosensitivity and, 147¢ 
systemic lupus erythematosus and, 126t 
torsades de pointes and, 533z, 540t 
Papaverine, 532t, 761t, 765t, 771, 1002t, 1066t, 1070¢ 
Para-aminobenzoic acid (PABA), 153, 154 
Para-aminosalicylic acid, 125t, 710, 850t, 861¢ 
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Paracetamol, 1052¢, 1326 
Paraldehyde, 1186 
Paraquat, 8497, 861¢ 
Parenteral lipids, 853¢, 868 
Parenteral nutrition, 1003¢ 
Parkinsonism, 270—273 
causative agents of, 270, 271t 
clinical presentation of, 257t, 262, 272 
differential diagnosis of, 257t, 272 
epidemiology of, 270-271 
management of, 273, 273t 
mechanisms of, 271—272, 271t 
morbidity and mortality for, 273 
overview, 253-254 
patient education on, 273 
prevention of, 273, 273t 
risk factors for, 272, 272t 
Paromomycin, 1237t¢ 
Paroxetine 
alopecia and, 173¢ 
constipation and, 836t 
delirmm and, 327t, 329t 
depression and, 390 
hyperprolactinemia and, 743¢ 
hypotension and, 646t¢ 
nausea/vomiting and, 909¢ 
ototoxicity and, 1237¢ 
photosensitivity and, 147¢ 
serotonin syndrome and, 1202, 1203—1204t 
sexual dysfunction and, 772 
SIADH and, 9822, 985, 988 
sleep disorders and, 348 
teratogenicity of, 1323 
thyroid diseases and, 699t 
visual disturbances and, 306t 
weight gain and, 1166, 1169¢, 1171 
Paroxysmal atrial tachycardia, 588-591 
Paroxysmal supraventricular tachycardia. See Atrioventricular node re-entrant tachycardia (AVNRT) 
Parsnip, 306¢ 
Pasireotide, 174t, 180t 
Passionflower, 353 
Patient education 
on acidosis, 1011 
on acute interstitial nephritis, 957 
on acute tubular necrosis, 955 
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on adverse event documentation, 65—66 

on akathisia, 259 

on alkalosis, 1017 

on alopecia, 192—193 

on amenorrhea and oligomenorrhea, 794-795 
on anxiety, 411 

on aplastic anemia, 1104 

on asthma and bronchospasm, 463—464 

on atrial fibrillation/atrial flutter, 588 

on atrial tachycardia, 591-592 

on AV node re-entrant tachycardia, 594-595 
on bladder cancer, 1305 

on bleeding disorders, 1039 

on breast cancer, 1301 

on Brugada syndrome, 549 

on chemotherapy-induced anemia, 1111 

on chronic kidney disease, 976 

on cognitive disorders, 369 

on color changes of oral mucosa and teeth, 1258 
on constipation, 839, 840 

on Cushing syndrome, 734 

on cutaneous diseases, 114 

on delirmm, 340 

on depression, 392 

on diabetes insipidus, 993 

on diarrhea, 830 

on drug allergies and hypersensitivity reactions, 88, 100 
on drug fever, 1192 

on dysmenorrhea, 797 

on dystonia, 270 

on endometrial cancer, 1303 

on female sexual dysfunction, 800 

on gingival hyperplasia, 1265 

on glomerulonephritis, 960 

on glucose and insulin dysregulation, 690 

on gout and hyperuricemia, 1046 

on growth hormone deficiency, 750—751 

on heart failure, 516-517 

on hemodynamic-mediated AKI, 949 

on hemolytic anemia, 1107 

on hepatic and cholestatic diseases, 872-873 
on hirsutism, 207—208 

on hyperprolactinemia, 746-747 

on hypertension, 626—627 

on hypertrichosis, 207—208 
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on hypotension, 648 

on hypothermia, 1218 

on infertility, 774, 802 

on interstitial lung disease/pulmonary fibrosis, 441—442 
on intracerebral hemorrhage (ICH), 246 

on leukemia, 1292 

on lymphoma, 1295 

on macrocytic anemia, 1109 

on male sexual dysfunction, 774-775 

on malignant hyperthermia, 1214 

on menorrhagia and menometrorrhagia, 796 
on monomorphic ventricular tachycardia, 530 
on myocardial ischemia/acute coronary syndromes, 489 
on myopathy, 1160 

on nausea and vomiting, 930-931 

on nephrolithiasis, 958 

on neuroleptic malignant syndrome, 1202 
on neutropenia and agranulocytosis, 1096 
on oral erythema multiforme, 1269 

on oral lichenoid reactions, 1273 

on osteonecrosis of jaw, 1276 

on osteoporosis and osteomalacia, 1130 

on ototoxicity, 1244 

on ovarian hyperstimulation, 790 

on pancreatitis, 892 

on parkinsonism, 273 

on peripheral neuropathy, 289 

on photosensitivity, 155-156 

on psychosis, 425 

on secondary adrenal insufficiency, 741 

on seizures, 226 

on serotonin syndrome, 1209 

on serum sickness-like reactions, 1195 

on SIADH, 990 

on sinus bradycardia/atrioventricular block, 580-581 
on skin cancer, 1298 

on sleep disorders, 353 

on stroke, 237 

on systemic lupus erythematosus, 135—136 
on tardive dyskinesia, 265 

on taste disorders, 1262 

on teratogenicity, 1335 

on thrombocytopenia, 1059 

on thromboembolic diseases, 1077-1078 

on thyroid diseases, 717 
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on torsades de pointes, 545 
on upper gastrointestinal ulceration, 818-819 
on valvular and pericardial heart disease, 670 
on visual disturbances, 319 
on vulvovaginal candidiasis, 792 
on weight gain, 1175 

Patients 
evaluation of, 60-67, 61—62t, 64—-65t 
medication histories for, 60-62, 61—62t 
physical examination of, 62—63 





in postmarketing surveillance, 51 
Patrinia root, 353 
Pazopanib, 1702, 699-7002, 709, 908 
PCCs. See Prothrombin complex concentrates 
PCP. See Phencyclidine 
PDUFA (Prescription Drug User Fee Act of 2007), 6, 12, 14 
PE. See Pulmonary embolism 
Pediatric patients. See also Teratogenicity 
cognitive disorders and, 362, 365 
diarrhea in, 826 
growth hormone deficiency in, 748-749, 749t 
hypertrichosis in, 194, 198, 199, 202 
learning disabilities in, 1315-1316 
leukemia in, 1291 
medication errors in, 42 
in pancreatitis, 879 
seizures in, 217, 219-222, 224 
serum sickness-like reactions in, 1194 
systemic lupus erythematosus in, 133 
Pegfilgrastim, 1711, 1094 
Peginterferon a-2a, 147t, 390, 822 
Peginterferon a-2b, 147¢ 
Peginterferon B-1b, 383 
PEG lavage solution, 503¢, 510¢ 
Pegylated interferon, 365, 699—700t, 703t, 707 
Pembrolizumab, 825 
Pemetrexed, 170, 432t, 908t 
Pemoline, 852t, 864 
Penicillamine 
acute kidney injury and, 9432, 959 
allergic reactions to, 74¢ 
hepatic/cholestatic diseases and, 853z, 861t 
hypertrichosis and, 194, 196t¢ 
interstitial lung disease/pulmonary fibrosis and, 432 
myocardial ischemia/acute coronary syndromes and, 472t 
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neutropenia/agranulocytosis and, 1090t 
oral lichenoid reactions and, 1271t 
peripheral neuropathy and, 28 1¢ 
taste disorders and, 1260—1261t 
Penicillins 
allergic and hypersensitivity reactions to, 731, 75t, 76-77, 79, 85—90, 92, 95 
cutaneous diseases and, 102t, 111¢ 
delirium and, 328¢ 
diarrhea and, 822t 
drug fever and, 1187, 1188, 1191 
drug-induced hospitalizations from, 25 
heart failure and, 503¢ 
hemolytic anemia and, 1104 
hepatic/cholestatic diseases and, 870 
myocardial ischemia/acute coronary syndromes and, 472 
neutropenia/agranulocytosis and, 1091 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
seizures and, 218, 220, 222, 222t, 225 
serum sickness-like reactions and, 1192, 1193¢ 
structural similarities and differences in, 91f 
systemic lupus erythematosus and, 125t 
thrombocytopenia and, 1052, 1052t 
torsades de pointes and, 542 
upper gastrointestinal ulceration and, 809 
Pennyroyal/pennyroyal oil, 2192, 221, 8511, 866 
Pentamidine 
asthma/bronchospasm and, 453¢ 
color changes of oral mucosa and teeth and, 1254¢ 
glucose/msulnn dysregulation and, 679, 680t, 6821, 683, 684—-685t 
hepatic/cholestatic diseases and, 847t 
hypersensitivity reactions to, 81 
hypotension and, 634¢, 640t, 645¢ 
pancreatitis and, 8787, 882, 885, 886t, 890, 892 
SIADH and, 984¢ 
sinus bradycardia/atrioventricular block and, 573t 
taste disorders and, 1260t 
torsades de pointes and, 532z, 539t 
Pentazocine, 453t, 571t, 1186 
Pentobarbital, 226, 871 
Pentosan, 1064t, 1067, 1068¢ 
Pentostatin, 1472, 984t 
Pentoxifylline, 8532, 868, 953, 1051¢ 
Perchlorate, 703t 
Percutaneous coronary intervention (PCI), 486, 488 
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Pergolide 
alopecia and, 171t, 175 
heart failure and, 503t, 510¢ 
hypotension and, 635t, 640t 
sleep disorders and, 348 
taste disorders and, 1260t 
valvular/pericardial heart disease and, 659-661, 660t, 663-664, 6631, 668-670, 668¢ 
Pericardial heart disease. See Valvular and pericardial heart disease 
Perindopril, 472, 6322, 638t, 1254¢ 
Periodic Safety Update Reports, 52 
Perioperative agents, 910, 912-915, 917-919, 921-924, 928, 930 
Peripheral-acting arterial vasodilators, 633¢ 
Peripheral acting mu-opioid receptor antagonists (PAMORA), 840-841, 840¢ 
Peripheral a-blockers, 6321, 647 
Peripheral neuropathy, 279-289 
causative agents of, 279, 280-2817, 1155 
chemotherapy-induced, 283, 285—289 
clinical presentation of, 282—285, 283¢ 
defined, 279 
differential diagnosis of, 284-285, 284t 
epidemiology of, 279 
management of, 287—289 
mechanisms of, 281—282, 282t 
morbidity and mortality for, 285—286 
patient education on, 289 
prevention of, 286-287, 286—287t 
risk factors for, 285, 285t 
Perphenazine, 125t, 326t, 703t, 982t, 1167t, 1195¢ 
Pertuzumab, 7t, 170t 
PFTs (pulmonary function tests), 435—436, 439 
P-glycoprotein (P gp), 37, 39, 40, 969 
Pharmaceutical manufacturers, 8-10, 50-52 
Pharmacist duty to warn, 10-11 
Pharmacodynamic drug—drug interactions, 38, 40 
Pharmacoepidemiology, 20, 54 
Pharmacogenomics Knowledgebase, 35 
Pharmacogenomics Research Network, 35 
Pharmacokinetic drug—drug interactions, 38—40 
Phenacetin, 968, 970 
Phenazopyridine, 1105¢ 
Phencyclidine (PCP), 401, 4012, 415, 418, 4182, 851¢ 
Phenelzine 
delirium and, 327t 
food interactions with, 40 
myocardial ischemia/acute coronary syndromes and, 472t 


2686 


neuroleptic malignant syndrome and, 1195¢ 
peripheral neuropathy and, 28 1¢ 
photosensitivity and, 147¢ 
sexual dysfunction and, 772 
SIADH and, 982t 
sleep disorders and, 348¢ 
systemic lupus erythematosus and, 125¢ 
weight gain and, 1166, 11692, 1171 
Phenformin, 1002t 
Phenindione, 1271t 
Phenmetrazine, 306t 
Phenobarbital 
allergic reactions to, 75t¢ 
alopecia and, 168¢ 
cognitive disorders and, 357, 3587, 360, 365 
cutaneous diseases and, 101, 103—104¢, 1114, 113+ 
depression and, 376t, 379, 385t, 386 
drug fever and, 1188¢ 
gingival hyperplasia and, 1263¢ 
hepatic/cholestatic diseases and, 869 
macrocytic anemia and, 1109 
oral lichenoid reactions and, 1271t 
osteoporosis/osteomalacia and, 1122, 1123¢, 1127 
ototoxicity and, 1237¢ 
secondary adrenal insufficiency and, 737 
seizures and, 2184, 224, 226 
sexual dysfunction and, 763¢ 
tardive dyskinesia and, 254 
teratogenicity of, 1319 
thyroid diseases and, 703¢ 
Phenolphthalein, 102¢ 
Phenothiazines 
delirim and, 337 
dystonia and, 266 
hyperprolactinemia and, 742, 743t 
hypertrichosis and, 197¢ 
hypotension and, 631 
nausea/vomiting and, 927t, 929 
neutropenia/agranulocytosis and, 1090t 
photosensitivity and, 143, 150, 150¢, 154 
seizures and, 218t, 222t 
sexual dysfunction and, 757, 758, 760—765t 
tardive dyskinesia and, 262 
visual disturbances and, 316 
Phenoxazoline, 230t 
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Phenprocoumon, 1029 
Phensuximide, 1263t 
Phentermine, 9, 659, 660t, 663, 973 
Phentolamine, 488, 703z, 747, 7482, 761t 
Phenylbutazone 
hepatic/cholestatic diseases and, 8464, 861¢ 
oral erythema multiforme and, 1267¢ 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1237¢ 
systemic lupus erythematosus and, 126t 
valvular/pericardial heart disease and, 6617, 662 
visual disturbances and, 306t 
Phenylephrine, 473¢, 477t, 618t, 620t 
Phenylpropanolamine 
alcohol use and, 232 
atrial tachycardia and, 588¢ 
AV node re-entrant tachycardia and, 592t 
intracerebral hemorrhage and, 238, 240t, 242—243 
myocardial ischemia/acute coronary syndromes and, 473t 
seizures and, 225 
sinus bradycardia/atrioventricular block and, 573t 
Phenytoin 
acute kidney injury and, 9432, 959 
allergic reactions to, 74—75t, 85, 87-88 
aplastic anemia and, 1100¢ 
cannabinoid interactions with, 33 
cognitive disorders and, 360, 365, 367 
color changes of oral mucosa and teeth and, 1253, 1254¢ 
cutaneous diseases and, 101, 103—104¢, 1114, 112, 113+ 
delirium and, 326 
depression and, 376t, 378, 379, 386 
diabetes insipidus and, 991t 
drug fever and, 1188¢ 
drug interactions with, 38 
genetic variations affecting, 36¢ 
gingival hyperplasia and, 1253, 1263-1265, 1263t, 1265¢ 
glucose/insulin dysregulation and, 680t, 684 
hepatic/cholestatic diseases and, 8521, 861¢ 
hirsutism and, 194, 195t, 199¢ 
hypertrichosis and, 194, 196¢, 198, 198f, 199, 202 
hypotension and, 634¢, 6404, 645¢ 
macrocytic anemia and, 1101¢, 1107, 1108¢, 1109 
metabolic pathway for, 35 
neuroleptic malignant syndrome and, 1195¢ 
neutropenia/agranulocytosis and, 1090t 
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oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
osteoporosis/osteomalacia and, 1122, 1123¢, 1127 
ototoxicity and, 1237¢ 
peripheral neuropathy and, 28 1¢ 
secondary adrenal insufficiency and, 737 
seizures and, 2184, 224, 226 
sexual dysfunction and, 763¢ 
sleep disorders and, 348 
systemic lupus erythematosus and, 124¢ 
tardive dyskinesia and, 254 
teratogenicity of, 1315-1316, 1319, 1324-1325, 1328, 1330-1331, 1335 
thrombocytopenia and, 1051¢ 
thyroid diseases and, 703¢ 
vaginal bleeding disorders and, 793 
valvular/pericardial heart disease and, 661t 
visual disturbances and, 306, 312, 315, 318 
weight gain and, 1169, 1175¢ 
Phosphate salts, 840¢ 
Phosphodiesterase-5 inhibitors 
hypotension and, 636t, 642 
myocardial ischemia/acute coronary syndromes and, 478, 484 
sexual dysfunction and, 761t, 765t, 769, 800 
visual disturbances and, 312-313, 317, 318 
Phosphorus, 849¢ 
Photo-onycholysis, 152 
Photosensitivity, 143-156 
causative agents of, 143, 144-1487 
clinical presentation of, 151—152t, 151-153, 152f 
defined, 143 
differential diagnosis of, 151, 151¢ 
epidemiology of, 143, 148 
management of, 155, 155¢ 
mechanisms of, 149-151, 149f, 150 
morbidity and mortality for, 154 
patient education on, 155—156 
prevention of, 154-155, 154 
risk factors for, 153-154, 153¢ 
Photosensitizing agents, 150, 151, 153 
Phototherapy, 191 
Phototoxicity/photoallergy. See Photosensitivity 
Physical examinations, 62—63 
Physostigmine, 378, 380, 424t, 571t, 574t, 582t 
Phytonadione, 73t 
P-i concept, 79 
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Picotamide, 463 
Pilsicainide, 547t, 548 
Pimavanserin, 254 
Pimozide, 532t, 540¢, 6351, 639t, 703t, 982t 
Pimpinella, 306¢ 
Pindolol, 125, 632t, 6381, 646t, 647 
Pioglitazone 
bladder cancer and, 1285¢, 1288t, 1303-1305 
heart failure and, 503t, 506, 510¢ 
myocardial ischemia/acute coronary syndromes and, 476 
osteoporosis/osteomalacia and, 1124¢ 
Pipamperone, 533¢ 
Piperacillin, 75¢, 87, 90, 103¢, 10514, 1188¢ 
Piperacillm—tazobactam, 328¢, 1105¢ 
Pirarubicin, 170t 
Pirfenidone, 147¢, 440 
Piritramide, 906t 
Piroxicam 
alopecia and, 172 
bleeding disorders and, 1033 
cutaneous diseases and, 104t 
heart failure and, 510¢ 
hepatic/cholestatic diseases and, 846¢ 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1271t 
ototoxicity and, 1237¢ 
pancreatitis and, 8792, 881 
photosensitivity and, 147¢ 
systemic lupus erythematosus and, 126t 
upper gastrointestinal ulceration and, 813 
Pisa syndrome, 268 
Pituitary diseases. See Hypothalamic, pituitary, and adrenal diseases 
Placental transfer mechanisms, 1313-1314 
Platelet inhibitors, 1049 
Platelet-rich plasma (PRP), 191 
Platinum analogues, 782—783t, 785—786t, 800 
Platnum-based therapies, 11014, 11092, 1233 
Platnum compounds, 2822, 285, 286, 1284 
Plausibility, in epidemiology, 22 
Podagra, 1140 
Podophyllin, 280¢ 
Poisoning agents, 177 
Polidocanol, 197t 
Poly ADP ribose polymerase inhibitors, 1289 
Polyarteritis nodosa, 85 
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Polyaspartic acid, 953 
Polyethoxyethylated castor oil-containing products, 777, 81 
Polyethylene glycol, 8407, 984t 
Polymorphisms 
allergic reactions and, 86 
anxiety and, 408—409 
in asthma and bronchospasm, 460 
cancer and, 1290 
in drug response differences, 11, 34, 37-38, 365 
gingival hyperplasia and, 1265 
hypotension and, 643 
myopathy and, 1157 
oral lichenoid reactions and, 1272 
racial differences in, 15-16 
Polymyositis, 1150, 1152t, 1153, 1155, 1159 
Polymyxin B, 77t, 1237t 
Polysomnography (PSG), 349 
Polysorbate 80, 73¢ 
Pomalidomide, 7t, 1286-1287 
Ponatinib, 1065, 10692, 1087 
PONV. See Postoperative nausea and vomiting 
Population-based postmarketing surveillance, 47—49, 54-56 
Porfimer, 147t, 151, 154 
Posaconazole, 533¢t, 539t 
Postherpetic neuralgia, 288—289 
Postmarketing surveillance, 47—57 
clinicians in, 50-51 
database for, 67 
future challenges in, 56-57 
importance of, 25, 47 
manufacturers in, 5O—52 
patient role in, 51 
population-based, 47—49, 54-56 
proactive/sentinel, 54, 55, 57, 67 
regulatory agencies in, 52-53 
reporting systems for, 24, 49-56 
science of, 53—56 
Postoperative nausea and vomiting (PONV) 
causative agents of, 910 
clinical presentation of, 915—916 
epidemiology of, 910 
management of, 928, 928¢ 
mechanisms of, 912-914 
morbidity and mortality for, 919 
patient education on, 930 
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prevention of, 921—924, 9214, 924 

risk factors for, 917-918, 917—918t 
Post-transplant lymphoproliferative disorders (PTLD), 1293, 1295 
Potassium bicarbonate—potassium citrate, 1010¢ 
Potassium-channel blockers, 538 
Potassium chloride, 809, 810-8117, 811-813, 816r 
Potassium citrate, 1010, 1010¢ 
Potassium citrate—citric acid, 1010¢ 
Potassium iodide, 706—707t, 1188¢, 1237t 
Potassmm perchlorate, 715, 1090¢ 
Potassium-sparing diuretics, 625, 949, 1003¢, 1138 
Povidone-iodine, 73t, 705, 707t 
PPIs. See Proton pump inhibitors 
Practolol, 125t 
Pralatrexate, 908 
Pramipexole 

alopecia and, 175 

anxiety and, 405 

heart failure and, 503¢ 

hyperprolactinemia and, 746 

hypotension and, 635t, 640t 

neuroleptic malignant syndrome and, 1196 

psychosis and, 4187 

valvular/pericardial heart disease and, 669 
Pramlintide, 6824, 685¢ 
Prasugrel, 732, 1029, 1029¢, 1033 
Pravastatin, 124¢, 171¢, 2814, 878¢, 886t, 1260¢ 
Prazosin, 125t, 472t, 632, 6392, 1237t, 1271t 
PRCA (pure red-cell aplasia), 11 
Prednisolone 

acute kidney injury and, 957 

Cushing syndrome and, 731t 

heart failure and, 502¢, 510¢ 

hirsutism and, 195t 

hypertrichosis and, 196t 

ototoxicity and, 1237¢ 

pharmacologic characteristics of, 739t 

secondary adrenal insufficiency and, 741 

skin cancer and, 1297 

thrombocytopenia and, 1059 
Prednisolone acetate, 731¢, 736t 
Prednisone 

acute kidney injury and, 957 

alopecia and, 188, 191 

cognitive disorders and, 360 
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delirmm and, 326t, 329t 

depression and, 382 

hepatic/cholestatic diseases and, 866 

hypertrichosis and, 196t¢ 

interstitial lung disease/pulmonary fibrosis and, 440, 441 

leukemia and, 1285 

lymphoma and, 1295 

myopathy and, 1153, 1156, 1159 

osteoporosis/osteomalacia and, 1120 

pharmacologic characteristics of, 739t 

photosensitivity and, 155 

secondary adrenal insufficiency and, 736¢, 741 

sinus bradycardia/atrioventricular block and, 571t 

thrombocytopenia and, 1059 

thromboembolic diseases and, 1070t 

thyroid diseases and, 716 

weight gain and, 1169¢, 1172 
Pregabalin 

alopecia and, 168¢ 

anxiety and, 4017, 402, 404, 407 

cognitive disorders and, 367 

delirium and, 326 

depression and, 379 

dystonia and, 270 

heart failure and, 503t, 509 

ototoxicity and, 1237¢t 

peripheral neuropathy and, 289 

sexual dysfunction and, 760t, 764 

sinus bradycardia/atrioventricular block and, 571t 

visual disturbances and, 306t 

weight gain and, 1166¢, 1169, 11692, 1170 
Pregnancy, 32, 1313-1314. See also Teratogenicity 
Prehypertension. See Elevated blood pressure 
Premarin, 1254t 
Premarketing data, limitations of, 47—48 
Prescription Drug User Fee Act of 2007 (PDUFA), 6, 12, 14 
Presyncope, 631, 637 
Preventing Medication Errors (IOM), 19 
Prevention strategies. See also Patient education 

for acidosis, 1007—1008, 1008¢ 

for acute interstitial nephritis, 956-957 

for acute tubular necrosis, 952—955 

for akathisia, 258, 258¢ 

for alopecia, 185—186, 185t 

for amenorrhea and oligomenorrhea, 789t, 794 
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for anxiety, 410, 410¢ 

for aplastic anemia, 1103, 1103¢ 

for asthma and bronchospasm, 461—462, 461¢ 
for atrial fibrillation/atrial flutter, 586, 586r 

for atrial tachycardia, 590, 590¢ 

for AV node re-entrant tachycardia, 594, 594t 
for bladder cancer, 1294t, 1304-1305 

for bleeding disorders, 1034-10354, 1034-1036 
for breast cancer, 1294t, 1300 

for Brugada syndrome, 549 

for chemotherapy-induced anemia, 1110-1111 
for chronic kidney disease, 974-975, 974t 

for cognitive disorders, 366-368, 366t 

for color changes of oral mucosa and teeth, 1257-1258 
for constipation, 839, 839t 

for Cushing syndrome, 733—734, 734t 

for cutaneous diseases, 112, 113¢ 

for delirium, 334—335, 334t 

for depression, 390, 390t 

for diabetes insipidus, 993, 993¢t 

for diarrhea, 826-827, 826t 

for drug allergies and hypersensitivity reactions, 88—90, 92, 94-98, 97t 
for drug fever, 1190-1191 

for dysmenorrhea, 789t, 797 

for dystonia, 269, 269t 

for endometrial cancer, 1294t, 1302-1303 

for female sexual dysfunction, 7891, 799 

for gingival hyperplasia, 1265, 1265¢ 

for glomerulonephritis, 959 

for glucose and insulin dysregulation, 689, 689¢ 
for gout and hyperuricemia, 1143-1144, 1144¢ 
for growth hormone deficiency, 750, 750t 

for heart failure, 515—516, 515t 

for hemodynamic-mediated AKI, 948, 948 
for hemolytic anemia, 1106—1107 

for hepatic and cholestatic diseases, 865, 865t 
for hirsutism, 203, 203+ 

for hyperprolactinemia, 746, 746t¢ 

for hypertension, 623-624, 624t 

for hypertrichosis, 203, 203t 

for hypotension, 643-644, 643¢ 

for hypothermia, 1217 

for infertility, 7897, 801 

for interstitial lung disease/pulmonary fibrosis, 438—439, 439¢ 
for intracerebral hemorrhage, 244, 244t 
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for leukemia, 1291, 1294¢ 

for lymphoma, 1294-1295, 1294t 

for macrocytic anemia, 1108 

for male sexual dysfunction, 771—772, 772t 

for malignant hyperthermia, 1212—1213, 1212¢ 

for menorrhagia and menometrorrhagia, 7891, 796 

for monomorphic ventricular tachycardia, 529-530, 529t 
for myocardial ischemia/acute coronary syndromes, 484—485, 484¢ 
for myopathy, 1157-1158, 1158¢ 

for nausea and vomiting, 920-927, 921t, 924—-925t 

for nephrolithiasis, 958 

for neuroleptic malignant syndrome, 1199-1200, 1199¢ 
for neutropenia and agranulocytosis, 1094-1095, 1095¢ 
for oral erythema multiforme, 1269 

for oral lichenoid reactions, 1273 

for osteonecrosis of jaw, 1275-1276, 1275t 

for osteoporosis and osteomalacia, 1127-1128, 1128¢ 
for ototoxicity, 1242-1243, 1242r 

for ovarian hyperstimulation, 784, 787, 789t 

for pancreatitis, 891-892, 891t 

for parkinsonism, 273, 273t 

for peripheral neuropathy, 286—287, 286—287t 

for photosensitivity, 154-155, 154? 

for psychosis, 422—423, 423t 

for secondary adrenal insufficiency, 740, 740¢ 

for seizures, 225, 225t 

for serotonin syndrome, 1207, 1207t¢ 

for serum sickness-like reactions, 1194 

for SIADH, 989, 989¢ 

for sinus bradycardia/atrioventricular block, 578-579, 579t 
for skin cancer, 1294t, 1297-1298 

for sleep disorders, 352, 352 

for stroke, 234, 235t 

for systemic lupus erythematosus, 134-135, 134¢ 

for tardive dyskinesia, 263—264, 264t 

for taste disorders, 1262 

for teratogenicity, 1333-1334 

for thrombocytopenia, 1056-1057, 1057¢ 

for thromboembolic diseases, 1074-1075, 1075t 

for thyroid diseases, 714-715, 715t 

for torsades de pointes, 542—544, 543t 

for upper gastrointestinal ulceration, 816-818, 816¢ 

for valvular and pericardial heart disease, 669, 669¢ 
for visual disturbances, 317—318, 318¢ 

for vulvovaginal candidiasis, 789t, 792 
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for weight gain, 1173-1174, 1174¢ 
Priapism 
causative agents of, 757, 761t 
clinical presentation of, 768¢, 769 
defined, 757 
differential diagnosis of, 770t 
management of, 773t 
mechanisms of, 765t, 767 
patient education on, 774 
Primaquine, 1237t¢ 
Primary adrenal insufficiency, 734-735 
Primary hypertension, 617, 622—624, 622t, 626 
Primidone, 124¢, 1682, 376t, 379, 11882, 12632, 1319 
Proactive/sentinel surveillance, 54, 55, 57, 67 
Probenecid, 853¢, 1093, 1105¢, 1136 
Probiotics, 827, 829, 830 
Probucol, 515 
Procainamide 
allergic reactions to, 75t¢ 
Brugada syndrome and, 547t, 548, 549 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 847t 
hypotension and, 634¢, 640t, 645¢ 
malignant hyperthermia and, 1213 
monomorphic ventricular tachycardia and, 524—525t, 530 
myopathy and, 1150+ 
neutropenia/agranulocytosis and, 1088, 1090-10917, 1091 
oral lichenoid reactions and, 1271t 
pancreatitis and, 879t 
systemic lupus erythematosus and, 124t, 127-130, 128¢, 1314, 133-134 
taste disorders and, 1260t 
thrombocytopenia and, 1051—1052¢, 1053 
thromboembolic diseases and, 1066¢, 1070t 
torsades de pointes and, 532¢, 538, 539t 
valvular/pericardial heart disease and, 6617, 662 
Procaine penicillin G, 1260¢ 
Procarbazine 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 8487 
interstitial lung disease/pulmonary fibrosis and, 432 
leukemia and, 1285 
nausea/vomiting and, 908¢ 
peripheral neuropathy and, 280¢ 
Prochlorperazine 
akathisia and, 255, 255—256t, 258 
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dystonia and, 266, 269t 

hepatic/cholestatic diseases and, 852t 

hypotension and, 634¢, 639t 

nausea/vomiting and, 923, 924t, 927—929t 

neuroleptic malignant syndrome and, 1195, 1195¢ 

parkinsonism and, 2711, 273t 

serotonin syndrome and, 1208 

tardive dyskinesia and, 2602, 261, 264t 
Progesterone 

alkalosis and, 1013, 1013—1014+ 

allergic reactions to, 75t¢ 

alopecia and, 167t, 171t 

anxiety and, 4017, 402, 405z, 406 

depression and, 386 

gingival hyperplasia and, 1263 

hirsutism and, 195t 

myocardial ischemia/acute coronary syndromes and, 475 

oral erythema multiforme and, 1267t¢ 

ovarian hyperstimulation and, 784, 787 

torsades de pointes and, 538, 544 

vaginal bleeding disorders and, 782t, 785—786t, 794, 796 
Progestins 

alopecia and, 171t, 176, 180, 184, 191 

breast cancer and, 1285¢, 1288, 1298-1301 

Cushing syndrome and, 731t, 733 

endometrial cancer and, 1302 

hirsutism and, 194, 203, 205 

hypertension and, 621, 624, 626 

photosensitivity and, 145¢ 

secondary adrenal insufficiency and, 736, 736—737t 

stroke and, 229 

teratogenicity of, 1334z 

thromboembolic diseases and, 1067, 1075 
Prohapten/hapten theory, 78—79 
Prolactin, 729, 742, 798. See also Hyperprolactinemia 
Promazine, 852t 
Promethazine 

adverse effects related to, 10 

akathisia and, 255—256t, 258t 

hypotension and, 634¢, 639t 

hypothermia and, 1216, 1216¢ 

nausea/vomiting and, 922, 924+, 927—-929t 

neuroleptic malignant syndrome and, 1195¢ 

ototoxicity and, 1237t, 1244 

photosensitivity and, 147¢, 150 
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systemic lupus erythematosus and, 126t 
tardive dyskinesia and, 261 
Propafenone 
asthma/bronchospasm and, 453¢ 
atrial fibrillation/atrial flutter and, 582t, 584, 586, 587, 587t 
Brugada syndrome and, 547t 
color changes of oral mucosa and teeth and, 1254¢ 
drug fever and, 1188¢ 
heart failure and, 502t, 507, 5104, 511, 515 
hepatic/cholestatic diseases and, 847t 
monomorphic ventricular tachycardia and, 524—525t, 528-530 
myocardial ischemia/acute coronary syndromes and, 472 
neutropenia/agranulocytosis and, 1090t 
peripheral neuropathy and, 28 1¢ 
SIADH and, 984¢ 
sinus bradycardia/atrioventricular block and, 571t, 573t, 577-S78t 
systemic lupus erythematosus and, 125t 
taste disorders and, 1260t 
Propionic acid derivatives, 846t 
Propofol 
acidosis and, 1002t, 1007, 1008, 1010 
asthma/bronchospasm and, 453¢ 
Brugada syndrome and, 547t 
cutaneous diseases and, 102t 
hypotension and, 634¢, 640t 
malignant hyperthermia and, 1212 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 907t, 921, 923 
seizures and, 218t, 220 
serotonin syndrome and, 1208, 1209 
sinus bradycardia/atrioventricular block and, 571t, 573t, 578¢ 
torsades de pointes and, 532t 
visual disturbances and, 306t 
Propolis, 306t¢ 
Propoxyphene, 8467, 906¢, 1233, 1237t 
Propranolol 
akathisia and, 256, 259 
alopecia and, 168¢ 
asthma/bronchospasm and, 463 
atrial fibrillation/atrial flutter and, 587t 
comorbidity and, 34 
cutaneous diseases and, 106 
delirium and, 328¢ 
drug interactions with, 39¢ 
heart failure and, 502t, 509, 510¢ 
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hypotension and, 6321, 638t, 646t, 647 

neutropenia/agranulocytosis and, 1088, 1090¢ 

oral lichenoid reactions and, 1271t 

serotonin syndrome and, 1208 

serum sickness-like reactions and, 1193¢ 

sinus bradycardia/atrioventricular block and, 578t, 579 

sleep disorders and, 348 

systemic lupus erythematosus and, 125¢, 130 

teratogenicity of, 1317 

thyroid diseases and, 703¢ 
Propylene glycol, 1002¢, 1008, 10087, 1010 
Propylthiouracil 

acute kidney injury and, 9437 

allergic reactions to, 74—75t, 85 

alopecia and, 173t, 175 

asthma/bronchospasm and, 453¢ 

chronic kidney disease and, 966t, 970t 

drug fever and, 1188¢ 

hepatic/cholestatic diseases and, 8491, 861¢ 

neutropenia/agranulocytosis and, 10904, 1091 

oral lichenoid reactions and, 1272t 

ototoxicity and, 1237¢ 

systemic lupus erythematosus and, 124¢, 128z, 130 

taste disorders and, 1260—1261t 

thyroid diseases and, 7032, 715—716 
Prostaglandin analogs, 194, 197, 197¢ 
Prostaglandin Ep, 82, 456, 473¢, 512, 887 
Prostaglandin F9, 473¢ 


Prostaglandins 
acute kidney injury and, 945, 947 
asthma/bronchospasm and, 455—457 
chronic kidney disease and, 969, 970, 973 
hypotension and, 636t 
nausea/vomiting and, 912, 922 
ototoxicity and, 1239 
pancreatitis and, 887 
upper gastromtestinal ulceration and, 811-812, 815 
vaginal bleeding disorders and, 795 
Prostata, 851t 
Protamine, 73—74t, 76, 77t, 81, 1036, 1037t¢ 
Protamine sulfate, 245, 1064t, 1068¢ 
Protease inhibitors 
comorbidity and, 34 
depression and, 377 
diarrhea and, 822t 
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glucose/insulin dysregulation and, 679, 680¢, 684¢, 690 
hepatic/cholestatic diseases and, 847t 
hyperprolactinemia and, 742, 744t 
myocardial ischemia/acute coronary syndromes and, 4721, 473, 477t, 479 
oral erythema multiforme and, 1267t¢ 
osteoporosis/osteomalacia and, 1123¢ 
sexual dysfunction and, 760t 
taste disorders and, 1260t 
thyroid diseases and, 710 
Proteinuria, 34 
Prothionamide, 710 
Prothrombin complex concentrates (PCCs), 230t, 245, 1037t, 10644, 1068 
Proton pump inhibitors (PPIs) 
acute kidney injury and, 943+ 
bleeding disorders and, 1036 
chronic kidney disease and, 965-966, 966t 
hepatic/cholestatic diseases and, 850t 
myocardial ischemia/acute coronary syndromes and, 489 
myopathy and, 1150, 1151, 1152+ 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
pancreatitis and, 880 
sexual dysfunction and, 758¢ 
systemic lupus erythematosus and, 126t 
upper gastromtestinal ulceration and, 817, 818 
Protriptyline, 1471, 1732, 3261, 329t, 504t, 510t, 982 
Proximal renal tubular acidosis, 1003—1004¢, 1004, 1006, 1010, 1011f 
PRP (platelet-rich plasma), 191 
Prucalopride, 840t 
Pseudoallergies, 71 
Pseudoephedrine 
anxiety and, 4017, 404, 409 
cutaneous diseases and, 102t 
hypertension and, 6182, 620t 
intracerebral hemorrhage and, 238t, 240t 
myocardial ischemia/acute coronary syndromes and, 473 
psychosis and, 417—41 84, 425 
stroke and, 232 
teratogenicity of, 1326 
PSG (polysomnography), 349 
Psilocybin, 415, 418, 864 
Psoralens, 150, 150¢, 154, 191, 194, 197¢, 202 
Psoriasis, 103¢, 106, 107¢, 109, 113, 114, 114¢ 
Psoriatic alopecia, 179t, 180 
Psychosis, 415—425 
causative agents of, 415, 416—417¢ 
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clinical presentation of, 419—420t, 419-421 

defined, 415 

differential diagnosis of, 419, 419¢ 

epidemiology of, 417 

management of, 423—424, 424t 

mechanisms of, 417—419, 418r 

morbidity and mortality of, 422 

patient education on, 425 

prevention of, 422—423, 423t 

risk factors for, 421—422, 421t 

withdrawal and, 415, 4171, 420-422, 424, 424t 
Psychostimulants, 254, 385 
Psychotropic medications 

akathisia and, 255t 

alopecia and, 172—173t, 175, 185 

Brugada syndrome and, 549 

delirmm and, 336 

drug-induced hospitalizations from, 26t 

dystonia and, 266 

nausea/vomiting and, 909¢ 

parkinsonism and, 271t 

psychosis and, 422 

tardive dyskinesia and, 260t 

thromboembolic diseases and, 1066¢, 1070t 
Psyllium, 752, 306t, 4532, 840¢ 
PTLD (post-transplant lymphoproliferative disorders), 1293, 1295 
P2Y 17 mmhibitors, 4872, 10267, 1029, 10292, 1033 
Public health, impact of drug-induced diseases on, 21, 24-26, 29 
Pulmonary embolism (PE) 

clinical presentation of, 1071-1073, 1071t 

differential diagnosis of, 1072, 1072t 

management of, 1076 

morbidity and mortality for, 1074 

overview, 1063 

patient education on, 1077-1078 

pretest probability of, 1072, 1072t 
Pulmonary fibrosis. See Interstitial lung disease/pulmonary fibrosis 
Pulmonary function tests (PFTs), 435-436, 439 
Pulmonary toxicity, 431, 434, 436-442 
Pure red-cell aplasia (PRCA), 11 
Pyrazinamide, 147t, 847t, 11362, 1138-1140, 1188¢ 
Pyrazolones, 968 
Pyrethrin, 453¢ 
Pyrethrum, 306¢ 
Pyridostigmine, 571t, 573—574t, 6461, 647 
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Pyridoxine (Vitamin Bg) 
depression and, 386 
peripheral neuropathy and, 281¢, 282, 286 
photosensitivity and, 147¢, 154 
tardive dyskinesia and, 265 
teratogenicity of, 1321 

Pyrimethamine, 1472, 1090¢ 

Pyrogens, 1185-1187 


QT interval prolongation, 530-531, 534-544 
Quantitative impact of drug-induced diseases, 23 
Quetiapine 
acidosis and, 1002t 
alkalosis and, 1013-10144, 1014 
alopecia and, 173t 
constipation and, 836¢ 
delirium and, 326¢, 329f, 338, 339 
depression and, 376t 
hyperprolactinemia and, 743¢ 
hypotension and, 635t, 639t 
neuroleptic malignant syndrome and, 1195¢ 
psychosis and, 424 
sexual dysfunction and, 761t, 765t, 772 
SIADH and, 982t 
tardive dyskinesia and, 265 
thromboembolic diseases and, 1066¢, 1070t 
thyroid diseases and, 699t 
torsades de pointes and, 5342, 539—540t 
visual disturbances and, 306t¢ 
weight gain and, 1166, 1169¢ 
Quiescence, 1122 
Quinacrine, 1090t, 12541, 1272t 
Quinapril, 167t, 632t, 6381, 8781, 1254 
Quinethazone, 147t 
Quinidine 
allergic reactions to, 75t¢ 
atrial tachycardia and, 590 
delirium and, 326t 
drug fever and, 1188¢ 
drug interactions with, 39 
genetic variability and, 16+ 
glucose/msulin dysregulation and, 6821, 685¢ 
hemolytic anemia and, 11014, 1105¢ 
hepatic/cholestatic diseases and, 847t 
hypotension and, 634¢ 
monomorphic ventricular tachycardia and, 529 
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neutropenia/agranulocytosis and, 1090-10914, 1091 
oral lichenoid reactions and, 1272+ 
ototoxicity and, 1237¢ 
photosensitivity and, 147¢ 
psychosis and, 417¢ 
sinus bradycardia/atrioventricular block and, 577, 578t 
systemic lupus erythematosus and, 124¢, 127, 128t, 130 
thrombocytopenia and, 1051—1052¢, 1052 
torsades de pointes and, 532¢, 538, 539-540t 
upper gastrointestinal ulceration and, 809, 810¢, 811, 813 
Quinine 
allergic reactions to, 75t¢ 
cutaneous diseases and, 102t 
drug fever and, 1188¢ 
glucose/mnsulin dysregulation and, 6821, 685¢ 
hemolytic anemia and, 11017, 1105z, 1106 
neutropenia/agranulocytosis and, 1090—1091t 
oral erythema multiforme and, 1267t¢ 
ototoxicity and, 1237¢, 1239, 1239t 
photosensitivity and, 147¢ 
thrombocytopenia and, 1051-10524, 1052, 1054, 1056 
torsades de pointes and, 5342, 539—540t 
Quinolones, 101, 220, 316 
Quinupristin—dalfopristin, 984¢ 


Rabbit syndrome, 262, 265 
Rabeprazole, 966t 
Racial differences 
in constipation, 837 
cutaneous diseases and, 111-112 
in drug allergies and hypersensitivity reactions, 87 
intracerebral hemorrhage and, 241 
in nausea and vomiting, 917 
in polymorphisms, 15—16 
in prevalence of drug-induced diseases, 32, 38 
systemic lupus erythematosus and, 133 
Radiocontrast media 
acute kidney injury and, 943, 945, 950-955 
allergic and hypersensitivity reactions to, 76-77, 77t, 81, 87, 97t, 98 
asthma/bronchospasm and, 451 
iodinated, 219t, 452t, 700t, 703t, 709, 716-717 
thyroid diseases and, 705, 709, 716-717 
Raloxifene 
depression and, 386 
endometrial cancer and, 1302 
osteoporosis/osteomalacia and, 1129¢, 1130 
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thromboembolic diseases and, 10644, 1068t, 1074, 1075r 
thyroid diseases and, 703¢ 
Raltegravir, 103t, 4012, 403, 1127, 1267¢ 
Ramelteon, 335, 337, 353 
Ramipril 
acute kidney injury and, 942 
alopecia and, 167t 
color changes of oral mucosa and teeth and, 1254¢ 
hypotension and, 6321, 638¢ 
ototoxicity and, 1237¢ 
pancreatitis and, 8787, 879 
photosensitivity and, 147¢ 
SIADH and, 983¢ 
taste disorders and, 1260t 
Ranibizumab, 10032, 1065t, 1069¢ 
Ranitidine 
cognitive disorders and, 366 
delirium and, 328¢ 
drug fever and, 1188¢ 
hemolytic anemia and, 1105¢ 
neutropenia/agranulocytosis and, 1090¢ 
oral lichenoid reactions and, 1272t 
photosensitivity and, 147¢ 
sinus bradycardia/atrioventricular block and, 571t, 577t 
systemic lupus erythematosus and, 127t¢ 
thrombocytopenia and, 1051¢ 
visual disturbances and, 307t 
Ranolazine, 534, 539t 
Rapamycin, 1127 
Rapid eye movement (REM) sleep, 347, 349 
Rasagiline, 6354, 640t, 1203—1204t 
Rasburicase, 36, 1105¢, 1138 
Rashes, 100, 104-106, 107—108¢ 
RDDS (restrictive drug distribution system), 5—7, 7t 
Rebound hypertension, 621, 625t, 626, 627 
Recombinant activated factor VIIa (rF VIIa), 230t, 245, 870, 1037t, 1039, 10642, 1068¢, 1075¢ 
Recombinant human growth hormone, 680, 684t 
Recombinant proteins, 95 
Recombinant tissue plasminogen activator (rt-PA), 235-237, 238z, 241, 244 
Red man syndrome, 76, 97t 
Regorafenib, 1701, 699t¢ 
Regulatory agencies, role in postmarketing surveillance, 52—53 
Regulatory environment for drug safety, 4-8, 4f 
Rehydration management, 829 
Remifentanil, 5711, 573t, 906t 
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REMS. See Risk evaluation and mitigation strategies 
REM (rapid eye movement) sleep, 347, 349 
Renal disease. See Acute kidney injury (AKI); Chronic kidney disease (CKD); End stage renal disease (ESRD) 
Renal tubular acidosis (RTA), 1003—1004z, 1004, 1006, 1010, 1011f 
Renin, 232, 512 
Renin inhibitors, 633¢, 1003¢ 
Repaglinide, 849¢ 
Reporting systems for adverse events, 24, 49-56, 66-67 
Reserpine 
delirium and, 327t 
depression and, 376t, 378, 385, 385¢ 
hyperprolactinemia and, 742, 743—744t 
hypotension and, 633t, 639t 
parkinsonism and, 271t, 273t 
sexual dysfunction and, 760t 
systemic lupus erythematosus and, 125¢ 
tardive dyskinesia and, 265 
visual disturbances and, 307t 
Respiratory acidosis, 1001, 1003-10042, 1005-1007, 1007—1008¢, 1010-1011 
Respiratory alkalosis, 1012-1017, 1013—1016¢ 
Restrictive drug distribution system (RDDS), 5—7, 7t¢ 
Reteplase, 6634, 1029t 
Retinoic acid. See Tretinom 
Retinoic acid derivatives, 377t, 384-385 
Retinoids 
alopecia and, 166, 173¢, 174, 179t, 186, 191 
hypertrichosis and, 197t 
teratogenicity of, 1334z 
vulvovaginal candidiasis and, 791 
Retinol. See Vitamin A 
Reversal agents, 1037¢ 
Rhabdomyolysis 
clinical presentation of, 1154 
defined, 1149 
dystonia and, 267 
epidemiology of, 1151 
malignant hyperthermia and, 1209-1212 
management of, 1158, 1159 
morbidity and mortality for, 1157 
neuroleptic malignant syndrome and, 1197, 1200 
serotonin syndrome and, 1206, 1207 
statins and, 880, 888, 1151 
Ribavirin 
cognitive disorders and, 365 
depression and, 390 
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hemolytic anemia and, 1106¢ 
hepatic/cholestatic diseases and, 847t 
pancreatitis and, 8797, 884, 890 
thyroid diseases and, 707 
Riboflavin, 1009 
Rickets, 1120 
Rifabutin, 125, 984 
Rifampin 
acute kidney injury and, 943¢, 956, 959 
allergic reactions to, 87 
cutaneous diseases and, 102t 
diabetes insipidus and, 991, 991 
diarrhea and, 829 
drug fever and, 11887, 1191 
drug interactions with, 38 
glucose/msulin dysregulation and, 680t, 684¢ 
hemolytic anemia and, 1106¢ 
hepatic/cholestatic diseases and, 8471, 869 
myopathy and, 1150+ 
oral erythema multiforme and, 1267t¢ 
oral lichenoid reactions and, 1272t 
ototoxicity and, 1237¢ 
secondary adrenal insufficiency and, 736—737t, 737 
serum sickness-like reactions and, 1193¢ 
thrombocytopenia and, 1051¢ 
thyroid diseases and, 699t, 703¢t 
Rifaximin, 829, 871 
Rilpivirine, 991¢ 
Riluzole, 8487, 8521, 991t 
Rimantadine, 1237t 
Ruiociguat, 7t, 636t 
Risedronate, 307t, 818, 11292, 1130, 1274t 
Risk evaluation and mitigation strategies (REMS), 5, 6, 12-14, 647, 1111 
Risk factors 
for acidosis, 1007, 1008¢ 
for acute interstitial nephritis, 956 
for acute tubular necrosis, 951—952 
for akathisia, 258, 258¢ 
for alkalosis, 1015, 1017¢ 
for alopecia, 183—184, 184¢ 
for amenorrhea and oligomenorrhea, 788¢, 794 
for anxiety, 408-409, 408¢ 
for aplastic anemia, 1102, 1103¢ 
for asthma and bronchospasm, 458t, 459-460 
for atrial fibrillation/atrial flutter, 585—586, 585t 
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for atrial tachycardia, 589-590, 589t 

for AV node re-entrant tachycardia, 593-594, 593t 
for bladder cancer, 1291t, 1304 

for bleeding disorders, 1031-1032, 1031—1032t 

for breast cancer, 1291¢, 1299-1300 

for Brugada syndrome, 548, 548¢ 

for chemotherapy-induced anemia, 1103¢, 1110 

for chronic kidney disease, 972-973, 972t 

for cognitive disorders, 364-366, 364¢ 

for color changes of oral mucosa and teeth, 1257, 1258¢ 
for congenital heart defects, 1324 

for constipation, 838-839, 838 

for Cushing syndrome, 733, 733¢ 

for cutaneous diseases, 110-112, 111¢ 

for delirium, 331—333, 332t 

for depression, 387-389, 388 

for diabetes insipidus, 992—993, 993t 

for diarrhea, 825, 826t 

for drug allergies and hypersensitivity reactions, 85—88, 85¢ 
for drug fever, 1190 

for dysmenorrhea, 788t, 797 

for dystonia, 268, 268 

for endometrial cancer, 1291¢, 1302 

for female sexual dysfunction, 78872, 799 

for fetal alcohol spectrum disorders, 1332—1333 
for gastroschisis, 1327 

for gingival hyperplasia, 12587, 1264-1265 

for glomerulonephritis, 959 

for glucose and insulin dysregulation, 687—688, 687—688t 
for gout and hyperuricemia, 1143, 1143¢ 

for growth hormone deficiency, 745t, 749 

for heart failure, 513-514, 514¢ 

for hemodynamic-mediated AKI, 946-947, 947t 
for hemolytic anemia, 1103z, 1106 

for hepatic and cholestatic diseases, 862-865, 863t 
for hirsutism, 202, 202t 

for hyperprolactinemia, 745—746, 745t 

for hypertension, 622—623, 622t 

for hypertrichosis, 202, 203t 

for hypotension, 641—643, 642t 

for hypothermia, 1217 

for infertility, 7882, 801 

for interstitial lung disease/pulmonary fibrosis, 437—438, 437t¢ 
for intracerebral hemorrhage, 241—244, 242t 

for learning disabilities, 1316 
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for leukemia, 1290, 1291t 

for limb deficiency defects, 1325 

for low birth weight, 1318 

for lymphoma, 1291t, 1294 

for macrocytic anemia, 1103z, 1108 

for male sexual dysfunction, 771, 771¢ 

for malignant hyperthermia, 1211—1212, 1211 

for menorrhagia and menometrorrhagia, 7881, 796 
for microcephaly, 1331 

for monomorphic ventricular tachycardia, 528-529, 528¢ 
for myocardial ischemia/acute coronary syndromes, 482, 483t 
for myopathy, 1155-1157, 1156+ 

for nausea and vomiting, 917—9182, 917-919 

for nephrolithiasis, 958 

for neural tube defects, 1329 

for neuroleptic malignant syndrome, 1198, 1198¢ 

for neutropenia and agranulocytosis, 1093-1094, 1093¢ 
for oral erythema multiforme, 1258¢, 1269 

for oral lichenoid reactions, 1258¢, 1273 

for orofacial clefts, 1321 

for osteonecrosis of jaw, 12582, 1275 

for osteoporosis and osteomalacia, 1125—1126, 1126t 
for ototoxicity, 1241-1242, 1241t 

for ovarian hyperstimulation, 784, 788¢ 

for pancreatitis, 890, 890¢ 

for parkinsonism, 272, 272t 

patient evaluation of, 63 

for peripheral neuropathy, 285, 285¢ 

for photosensitivity, 153-154, 153+ 

for psychosis, 421—422, 421 

for secondary adrenal insufficiency, 738-740, 739t 
for seizures, 223-224, 224t 

for serotonin syndrome, 1206-1207, 1206t 

for serum sickness-like reactions, 1194 

for SIADH, 988-989, 9887 

for sinus bradycardia/atrioventricular block, 576-578, 576—578t 
for skin cancer, 1291t, 1297 

for sleep disorders, 350-351, 351 

for stroke, 234, 234t 

for systemic lupus erythematosus, 133-134, 133¢ 
for tardive dyskinesia, 263, 263t 

for taste disorders, 1258¢, 1261 

for thrombocytopenia, 1056, 1056t 

for thromboembolic diseases, 1073-1074, 1073t 

for thyroid diseases, 713-714, 713¢ 
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for torsades de pointes, 40, 537-541, 5372, 539—540t 
for upper gastrointestinal ulceration, 814-816, 815¢ 
for valvular and pericardial heart disease, 668-669, 668 
for visual disturbances, 317, 317t 
for vulvovaginal candidiasis, 788t, 791 
for weight gain, 1173, 1173¢ 
Risperidone 
acidosis and, 1002t 
akathisia and, 255 
allergic reactions to, 73¢ 
alopecia and, 173¢t 
anxiety and, 405 
delirium and, 326t, 338-340 
extrapyramidal symptoms and, 254 
hepatic/cholestatic diseases and, 852t 
hyperprolactinemia and, 742, 7431, 745 
hypotension and, 635t, 639t 
hypothermia and, 1215, 1216, 1216¢ 
neuroleptic malignant syndrome and, 1195, 1195z, 1197, 1201 
parkinsonism and, 270-272 
photosensitivity and, 147¢ 
sexual dysfunction and, 765t, 772, 798 
SIADH and, 9822, 990 
sinus bradycardia/atrioventricular block and, 571t, 577—578t 
taste disorders and, 1260t 
teratogenicity of, 1321-1322 
thromboembolic diseases and, 1066¢, 1070t 
torsades de pointes and, 5332, 539—540t 
visual disturbances and, 307t 
weight gain and, 1166, 1169¢, 1171 
Ritodrine, 6801, 6842, 853¢ 
Ritonavir 
Cushing syndrome and, 733 
nausea/vomiting and, 909¢ 
osteoporosis/osteomalacia and, 1123t, 1127 
ototoxicity and, 1237¢ 
photosensitivity and, 147¢ 
serotonin syndrome and, 1204 
SIADH and, 984¢ 
thrombocytopenia and, 1051¢ 
thyroid diseases and, 703¢ 
Rituximab 
allergic and hypersensitivity reactions to, 73—74t, 77t, 96 
hemolytic anemia and, 1107 
interstitial lung disease/pulmonary fibrosis and, 432t, 438 
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lymphoma and, 1295 
myocardial ischemia/acute coronary syndromes and, 473¢ 
myopathy and, 1153 
neutropenia/agranulocytosis and, 1090¢ 
oral lichenoid reactions and, 1272t 
serum sickness-like reactions and, 11934, 1194 
thromboembolic diseases and, 1065¢, 1069¢ 
Rivaroxaban 
alopecia and, 167t 
bleeding disorders and, 1029¢ 
intracerebral hemorrhage and, 237, 238¢, 245 
thromboembolic diseases and, 1076, 1077t 
upper gastromtestinal ulceration and, 811 
valvular/pericardial heart disease and, 661, 662 
Rocuronium, 73t, 907t 
Rofecoxib 
acute kidney injury and, 942 
allergic reactions to, 74¢ 
cardiovascular disease associated with, 53 
cognitive disorders and, 361 
heart failure and, 503t, 509, 510¢ 
myocardial ischemia/acute coronary syndromes and, 472t, 475 
stroke and, 230, 231 
withdrawal from market, 3 
Rogaine, 50 
Rolapitant, 926 
Romiplostim, 1059 
Ropimnirole 
alopecia and, 171t, 175 
heart failure and, 503¢ 
hyperprolactinemia and, 746 
hypotension and, 635t, 640t 
neuroleptic malignant syndrome and, 1196 
ototoxicity and, 1237¢ 
psychosis and, 418 
SIADH and, 984¢ 
valvular/pericardial heart disease and, 669 
Ropivacaine, 524—525t 
Rosiglitazone 
bladder cancer and, 1304 
heart failure and, 503t, 505-506, 510t 
myocardial ischemia/acute coronary syndromes and, 473, 473t, 476, 477t, 480 
osteoporosis/osteomalacia and, 1124¢ 
SIADH and, 983¢ 
visual disturbances and, 307t 
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Rosuvastatin, 2812, 689 

Rotigotine, 405, 4187 

Roxithromycin, 472t, 474, 532t, 539t 

RTA. See Renal tubular acidosis 

rt-PA (recombinant tissue plasminogen activator), 235—237, 238, 241, 244 
Rue, 307t 

Rufinamide, 379 

Rule of Too, 48 

Ruxolitinib, 7¢ 


Sacubitril, 77t, 96, 633¢ 

Safety of drugs, 3-16 
challenges and opportunities related to, 15—16 
data collection on, 15 
in legal environment, 8—11, 9t 
overview, 3—4 
Periodic Safety Update Reports, 52 
postmarketing surveillance for. See Postmarketing surveillance 
public assumptions regarding, 19 
recommendations for improvement, 12—15 
regulatory environment for, 4-8, 4f 

Sage, 2191, 221 

SAI. See Secondary adrenal insufficiency 

St. John’s wort, 147¢, 1732, 307t, 353, 703¢t, 1203—1204t 

Sairei-to, 851¢ 

Salbutamol, 454, 4732, 1002r 

Salicylamides, 703¢ 

Salicylates 
acidosis and, 1002t 
alkalosis and, 1013-10142, 1017 
aplastic anemia and, 1100t 
chronic kidney disease and, 970 
glucose/msulin dysregulation and, 681, 682t, 685¢ 
hemolytic anemia and, 1105¢ 
hypersensitivity reactions to, 97-98 
nonacetylated, 489, 812 
oral erythema multiforme and, 1267t¢ 
ototoxicity and, 1237t, 1239, 12392, 12421, 1243 
pancreatitis and, 881 
thyroid diseases and, 703¢ 
toxicity and, 1185 

Salicylic acid, 327t 

Saline laxatives, 840, 840r 

Salmeterol, 473t 

Salsalate, 461, 812 

Saquinavir, 147t, 168¢, 11232, 1268¢ 
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Sargramostim, 1094, 1288¢ 
Sassafras, 851¢ 
Saw palmetto, 822, 835, 851¢ 
Saxagliptin, 5032, 506, 509, 879t, 884 
Scalp cooling, 186, 189 
Scarring alopecia, 174, 177, 179t, 184¢ 
SCARS (severe cutaneous adverse reactions), 101, 104-105, 111, 112 
SCC (squamous cell carcinoma), 1295—1298 
Schizophrenia. See Psychosis 
SCLE (subacute cutaneous lupus erythematosus), 132 
Scopolamine, 328-3291, 922, 924t, 927t, 929t, 1244 
Scopolia, 307t 
Secondary adrenal insufficiency (SAI), 734-741 
causative agents of, 735, 736t 
clinical presentation of, 737-738, 738t 
differential diagnosis of, 737, 738t 
epidemiology of, 735 
management of, 740-741, 740t 
mechanisms of, 735—737, 737t 
morbidity and mortality for, 740 
overview, 734-735 
patient education on, 741 
prevention of, 740, 740t 
risk factors for, 738—740, 739t 
Secondary hypertension, 617, 622, 622t, 624, 626 
Second-degree AV block, 569, 572, 575, 578 
Sedative-hypnotics, 325, 335, 351, 352, 758, 763—764t 
Sedatives, 271t, 797, 1005 
Seizures, 217-226. See also Anticonvulsants 
causative agents of, 217, 218—219t 
clinical presentation of, 222—223, 223t 
differential diagnosis of, 223, 223t 
epidemiology of, 217, 219-222 
management of, 225—226 
mechanisms of, 222, 222t 
morbidity and mortality for, 224-225 
patient education on, 226 
prevention of, 225, 225¢ 
risk factors for, 223—224, 224t 
Selective estrogen-receptor modulators (SERMs), 1064¢, 10682, 1071, 1129 
Selective serotonin reuptake inhibitors (SSRIs) 
akathisia and, 254-256, 255-2561, 258t 
alopecia and, 175 
anxiety and, 401, 401¢, 4052, 406 
bleeding disorders and, 1025—1026, 1026, 10292, 1030, 1034 
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cognitive disorders and, 358—359t, 360, 368 
delirmm and, 326—327t 
depression and, 376t, 390-392 
diarrhea and, 822t 
drug interactions with, 33 
dystonia and, 267 
hepatic/cholestatic diseases and, 852¢ 
intracerebral hemorrhage and, 238t, 239, 240t, 242t 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 911¢ 
osteoporosis/osteomalacia and, 1121¢, 1123¢ 
parkinsonism and, 270 
seizures and, 220 
serotonin syndrome and, 1202, 1203—1204t, 1204-1207 
sexual dysfunction and, 758-7621, 765t, 767, 799 
SIADH and, 9821, 985, 987-990, 988¢ 
sleep disorders and, 348t, 350t 
stroke and, 230-2314, 232, 235t 
suicides associated with, 53 
tardive dyskinesia and, 262 
teratogenicity of, 1321-1323 
upper gastromtestinal ulceration and, 809, 810-8117, 811, 812, 816 
vaginal bleeding disorders and, 782, 785t, 790t, 795, 796 
weight gain and, 1170-1171 
Selegiline 
hypotension and, 635t, 640t 
photosensitivity and, 147¢ 
serotonin syndrome and, 1203—1204t 
sleep disorders and, 348¢ 
tardive dyskinesia and, 265 
taste disorders and, 1260t 
Selenium, 515, 714, 850, 12842, 1296 
Seniors. See Elderly populations 
Senna, 851t 
Senna fruit, 840¢ 
Sentinel surveillance, 54, 55, 57, 67 
Serious adverse events, defined, 66. See also Adverse drug reactions (ADRs) 
SERMs (selective estrogen-receptor modulators), 10642, 1068¢, 1071, 1129¢ 
Serotonin. See also 5-hydroxytryptamine 
anxiety and, 406, 409, 410 
delirium and, 329 
depression and, 385—386 
dystonia and, 266 
hyperprolactinemia and, 742 
nausea/vomiting and, 913—915 
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psychosis and, 418, 419 
serum sickness-like reactions and, 1192 
in sleep cycles, 349 
stroke and, 232 
in thermoregulation, 1185, 1186, 1215-1216 
vaginal bleeding disorders and, 795 
valvular/pericardial heart disease and, 663, 664 
Serotonin antagonists, 703¢ 
Serotonin—norepinephrine reuptake inhibitors (SNRIs) 
akathisia and, 254 
anxiety and, 401, 401¢, 4051, 406 
depression and, 376t 
diarrhea and, 822t 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 759—760t 
SIADH and, 981 
sleep disorders and, 3487, 350t 
stroke and, 230-2314, 232, 235t 
weight gain and, 1170-1171 
Serotonin syndrome, 1202-1209 
causative agents of, 1202, 1203¢ 
clinical presentation of, 1187¢, 1197-1198, 1205-1206, 1205¢ 
differential diagnosis of, 1206, 1206r 
epidemiology of, 1202 
management of, 1201¢, 1207-1209, 1208¢ 
mechanisms of, 1202—1205, 1204t 
morbidity and mortality for, 1207 
patient education on, 1209 
prevention of, 1207, 1207t 
risk factors for, 1206-1207, 1206t 
Sertindole, 265 
Sertraline 
alopecia and, 173¢ 
cutaneous diseases and, 101, 104r 
delirmm and, 327t, 329t 
depression and, 390, 391 
gingival hyperplasia and, 1263¢ 
hyperprolactinemia and, 743¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
oral lichenoid reactions and, 1272+ 
ototoxicity and, 1237¢ 
photosensitivity and, 147¢ 
serotonin syndrome and, 1203—1204t, 1207 
sexual dysfunction and, 772 
SIADH and, 9821, 985 
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sleep disorders and, 348¢ 
systemic lupus erythematosus and, 125t¢ 
teratogenicity of, 1323 
thyroid diseases and, 6991, 703t, 710 
visual disturbances and, 307t 
weight gain and, 1166, 1169¢, 1171 
Serum-sickness-like disease (SSLD), 84, 99¢ 
Serum sickness-like reactions (SSLRs), 1192-1195 
causative agents of, 747, 95, 1192, 1193¢ 
clinical presentation of, 832, 11872, 1193-1194, 1193¢ 
differential diagnosis of, 847, 1194, 1194z 
epidemiology of, 1192 
management of, 1191¢, 1194 
mechanisms of, 80, 81, 1192-1193 
morbidity and mortality for, 1194 
patient education on, 1195 
prevention of, 1194 
risk factors for, 1194 
Sevelamer, 703t, 1002t, 1004t 
Severe cutaneous adverse reactions (SCARS), 101, 104-105, 111, 112 
Sevoflurane 
hepatic/cholestatic diseases and, 850t 
malignant hyperthermia and, 1209¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 907t¢ 
seizures and, 218t, 220, 225 
sinus bradycardia/atrioventricular block and, 571t, 577, 578¢ 
torsades de pointes and, 532, 540t 
Sex hormones, 381, 538, 741, 1122, 1172 
Sex steroids, 381, 729, 746, 8497, 1172 
Sexual dysfunction. See Female sexual dysfunction; Male sexual dysfunction 
SGLT2 inhibitors. See Sodium-glucose cotransporter-2 inhibitors 
Shankhapushpi, 2191, 221 
Shark cartilage, 851¢ 
Shen-min, 851 
Shiitake mushroom, 147t 
Sho-saiko-to, 851¢ 
SIADH. See Syndrome of inappropriate antidiuretic hormone secretion 
Sibutramine 
hepatic/cholestatic diseases and, 849t 
hypertension and, 6182, 620t 
myocardial ischemia/acute coronary syndromes and, 473¢ 
psychosis and, 417—418¢ 
serotonin syndrome and, 1203—1204t 
thyroid diseases and, 700t 


2719 


Side effects. See Adverse drug reactions (ADRs) 
Signs and symptoms. See Clinical presentation of disease 
Sildenafil 
atrial fibrillation/atrial flutter and, 582t 
development of, 50 
hypotension and, 636t, 640t, 642 
myocardial ischemia/acute coronary syndromes and, 473¢, 478, 485 
oral lichenoid reactions and, 1272t 
ototoxicity and, 1237¢t 
sexual dysfunction and, 790t, 798, 800 
thromboembolic diseases and, 1066¢, 1071 
visual disturbances and, 307t, 312-313 
Silver, 1254-1255t 
Silver sulfadiazine, 113 
Silymarin, 868 
Simeprevir, 147t 
Simvastatin 
drug interactions with, 39¢ 
food interactions with, 41 
intracerebral hemorrhage and, 239 
myopathy and, 1151, 1157, 1158 
pancreatitis and, 8782, 886t 
peripheral neuropathy and, 28 1¢ 
photosensitivity and, 147¢ 
rhabdomyolysis and, 1151 
systemic lupus erythematosus and, 124¢ 
taste disorders and, 1260t 
thrombocytopenia and, 10512, 1054 
transport mechanisms for, 37 
Sinus bradycardia/atrioventricular block, 569-581 
causative agents of, 569-572, 570-57 1t, 573t 
clinical presentation of, 574-576, 575t 
differential diagnosis of, 575, 576t 
epidemiology of, 572 
management of, 579-580, 579t 
mechanisms of, 572, 574, 574t 
morbidity and mortality for, 578 
patient education on, 580-581 
prevention of, 578-579, 579t 
risk factors for, 576-578, 576—578t 
Sinus pauses, 569, 572, 575, 577, 578 
Sirolimus 
drug fever and, 1188¢ 
hepatic/cholestatic diseases and, 853¢ 
interstitial lung disease/pulmonary fibrosis and, 432 
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lymphoma and, 1293, 1295 
pancreatitis and, 891¢ 
skin cancer and, 1298 
thrombocytopenia and, 1054, 1056 
thromboembolic diseases and, 1066¢, 1070t 
Sitagliptin, 506, 879t, 884 
SJS. See Stevens—Johnson syndrome 
SJS-TEN overlap, 110 
Skin cancer, 1295-1298 
causative agents of, 12847, 1295-1296 
clinical presentation of, 1290t, 1296-1297 
differential diagnosis of, 12901, 1296 
epidemiology of, 1296 
management of, 1298 
mechanisms of, 1288¢, 1296 
morbidity and mortality for, 1297 
patient education on, 1298 
prevention of, 12942, 1297-1298 
risk factors for, 1291t, 1297 
Skin necrosis, 104t, 105, 107—108¢ 
Skull cap, 851¢ 
SLCOIB1, 15, 37 
SLE. See Systemic lupus erythematosus 
Sleep apnea, 351 
Sleep cycles, 347, 349 
Sleep disorders, 347—353 
causative agents of, 347, 348—349r 
clinical presentation of, 349-350, 350t 
differential diagnosis of, 349, 351t 
epidemiology of, 347 
management of, 352-353 
mechanisms of, 347, 349, 350r 
morbidity and mortality for, 351—352 
patient education on, 353 
prevention of, 352, 352 
risk factors for, 350-351, 351t 
Slow transit constipation (STC), 837 
Small for gestational age infants, 1316, 1317 
Smallpox vaccine, 197t, 473t 
Smoking 
acute kidney injury and, 947 
alkalosis and, 1013¢ 
anxiety and, 400t, 404, 409, 411 
asthma/bronchospasm and, 459 
bladder cancer and, 1304 
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cognitive disorders and, 364 
color changes of oral mucosa and teeth and, 1253, 1254¢, 1255 
depression and cessation of, 381 
hepatic/cholestatic diseases and, 864 
interstitial lung disease/pulmonary fibrosis and, 437, 442 
intracerebral hemorrhage and, 238t, 240, 240t, 244 
in medication histories, 60 
myocardial ischemia/acute coronary syndromes and, 473, 473t, 479, 481, 482, 489 
osteoporosis/osteomalacia and, 1126, 1128, 1130 
ototoxicity and, 1236¢ 
as risk factor for drug-induced diseases, 32—33 
sexual dysfunction and, 771, 772 
stroke and, 230-2314, 232—233, 235 
teratogenicity and, 1311, 1316, 1318, 1321, 1324, 1327, 1334¢ 
Snow, John, 20 
SNRIs. See Serotonin—norepinephrine reuptake inhibitors 
Sodium benzoate, 73t, 453t, 454 
Sodium bicarbonate, 954, 1009, 1010, 10102, 1013, 1013—-1014¢, 1017 
Sodium-channel blockers 
atrial fibrillation/atrial flutter and, 587 
Brugada syndrome and, 546, 548 
monomorphic ventricular tachycardia and, 523, 525-526, 528-529 
peripheral neuropathy and, 286 
sinus bradycardia/atrioventricular block and, 574 
Sodium chloride, 872, 953, 954, 10022, 1017 
Sodium citrate—citric acid, 1010t 
Sodium-containing antacids, 5034, 510¢ 
Sodium-glucose cotransporter-2 (SGLT2) inhibitors, 24, 682t, 6854, 1002z, 1175¢ 
Sodium iodide, 706—707t 
Sodium oxybate, 7t, 376t, 380 
Sodium polystyrene, 812, 814 
Sodium polystyrene sulfonate, 703t, 949, 1013-1014 
Sodium salicylate, 453 
Sodium stibogluconate, 878 
Sodium thiosulfate, 1002z, 1242t, 1243 
Sodium valproate. See Valproate sodium 
Solifenacin, 307t, 533t, 539t, 836t 
Soluble guanylate cyclase stimulators, 636t¢ 
Somatostatin, 77t, 747 
Somatostatin analogs, 6801, 682t, 684-685, 747, 748¢ 
Somatropin, 702t, 750 
Sonidegib, 170 
Sorafenib 
alopecia and, 170t 
chemotherapy-induced anemia and, 1109¢ 
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hypertension and, 618¢ 
hypertrichosis and, 196t 
interstitial lung disease/pulmonary fibrosis and, 433t, 438 
myocardial ischemia/acute coronary syndromes and, 472t 
nausea/vomiting and, 908¢ 
oral erythema multiforme and, 1268¢ 
pancreatitis and, 8787, 883 
thromboembolic diseases and, 1065t, 1069 
thyroid diseases and, 699—700t, 707, 709 
Sorbitol, 812, 814, 822, 826, 827, 1002 
Sotalol 
atrial fibrillation/atrial flutter and, 586 
hypotension and, 634¢ 
monomorphic ventricular tachycardia and, 524—525t, 530 
photosensitivity and, 147¢ 
sinus bradycardia/atrioventricular block and, 571t, 572, 573t, 577t 
torsades de pointes and, 532t, 538, 5391, 545 
Sparfloxacin, 147t, 5332, 539¢ 
Specificity, in epidemiology, 22 
Spectinomycin, 1237¢ 
Sphingosine 1-phosphate (SIP) receptors, 574 
Spina bifida, 1314, 1320, 1327-1329, 1327f 
Spinal anesthesia, 9114, 914 
Spironolactone 
acidosis and, 1003+ 
alopecia and, 188¢, 190-191 
contraindications for, 193 
heart failure and, 516 
hepatic/cholestatic diseases and, 8472, 870 
hirsutism and, 206, 206¢, 207 
hyperaldosteronism and, 751 
neutropenia/agranulocytosis and, 1090t 
oral lichenoid reactions and, 1272t 
photosensitivity and, 147¢ 
sexual dysfunction and, 758t, 760t, 762—763t, 765t¢ 
systemic lupus erythematosus and, 125t¢ 
teratogenicity of, 191 
thyroid diseases and, 703¢ 
vaginal bleeding disorders and, 782t, 785t 
visual disturbances and, 307t¢ 
Spontaneous adverse reactions reporting system (SRS), 49-51, 53, 55, 56 
Squamous cell carcinoma (SCC), 1295-1298 
SSLD (serum-sickness-like disease), 84, 99t 
SSLRs. See Serum sickness-like reactions 
SSRIs. See Selective serotonin reuptake inhibitors 
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Stanozolol, 1671, 195z, 402, 1013-1014 
Star anise, 2197, 221 
Star fruit, 219, 221 
Statins 
acute kidney injury and, 954 
anxiety and, 4017, 403 
depression and, 385 
genetic variations affecting, 36¢ 
glucose/insulin dysregulation and, 689 
hepatic/cholestatic diseases and, 849t 
intracerebral hemorrhage and, 238t, 239, 240t, 242t 
myocardial ischemia/acute coronary syndromes and, 486, 489 
myopathy and, 1150¢, 1151, 1152, 1152¢, 1156-1159 
pancreatitis and, 8787, 880, 886, 888 
peripheral neuropathy and, 279, 282 
sleep disorders and, 348t, 350t 
Status dystonicus, 268, 269 
Stavudine, 280t, 704, 879t, 890, 10022, 11892, 1237¢ 
STC (slow transit constipation), 837 
Steatosis, 8542, 857, 859t, 862, 868 
STEPS (System for Thalidomide Education and Prescribing Safety) program, 6 
Steroids 
anabolic. See Anabolic steroids 
androgenic, 102t¢ 
anxiety and, 402—403, 405 
pancreatitis and, 882, 888 
psychosis and, 422 
secondary adrenal insufficiency and, 741 
sex, 381, 729, 746, 8492, 1172 
thrombocytopenia and, 1059 
topical, 187¢ 
weight gain and, 1168¢, 1172 
Stevens—Johnson syndrome (SJS) 
causative agents of, 49, 94, 95, 103—104t 
clinical presentation of, 84, 106, 107—108z, 109, 110 
epidemiology of, 104, 105 
genetic factors related to, 32 
management of, 113, 114¢ 
morbidity and mortality for, 112 
risk factors for, 111 
Stimulant laxatives, 839, 840, 840z, 920, 930 
Stimulants 
alopecia and, 167t 
anxiety and, 401, 404, 405z, 408, 409 
psychosis and, 417, 421, 422 
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seizures and, 219, 219t, 221-222, 225 

sleep disorders and, 349—350t 
Strength of association, in epidemiology, 22 
Streptokinase, 73—74t, 307t, 662, 663t, 10642, 10687, 1193¢ 
Streptomycin 

diabetes insipidus and, 991t 

drug fever and, 1189¢ 

gout/hyperuricemia and, 1138 

hemolytic anemia and, 1104 

hypertrichosis and, 197t 

neutropenia/agranulocytosis and, 1090t 

oral erythema multiforme and, 1268¢ 

oral lichenoid reactions and, 1272t 

ototoxicity and, 1237¢ 

systemic lupus erythematosus and, 125¢, 130 
Streptozocin 

acidosis and, 1003+ 

chronic kidney disease and, 966t, 970t 

drug fever and, 1189¢ 

hepatic/cholestatic diseases and, 8487 

nausea/vomiting and, 909f, 916t 
Stress testing agents, 472 
Stroke, 229-237. See also Intracerebral hemorrhage (ICH) 

causative agents of, 229-231, 230t 

clinical presentation of, 233-234, 233—234t 

in cost-of-illness model, 27—28 

differential diagnosis of, 233, 234t 

epidemiology of, 231 

management of, 235-237 

mechanisms of, 231—233, 231t 

morbidity and mortality for, 234 

patient education on, 237 

prevention of, 234, 235¢ 

risk factors for, 234, 234t 
Strophanthus, 307¢ 
Strychnine, 221 
ST-segment elevation myocardial ischemia, 471, 486, 488 
Subacute cutaneous lupus erythematosus (SCLE), 132 
Sublingual nitrates/nitroglycerin, 481, 484-486 
Substance P, 82, 457, 914 
Substituted benzamide, 927t 
Succinylcholine, 81, 571¢, 6362, 638¢, 12092, 1210, 1211 
Sucralfate, 7032, 818 
Sufentanil, 906¢ 
Suicide and suicidality, 53, 258, 375, 377-384, 387, 389-392, 423 
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Sulfacetamide, 1106t 
Sulfadiazine, 113, 123, 127t, 147t, 945t, 1268¢ 
Sulfa drugs, 92, 94-95, 1266 
Sulfamethoxazole. See also Trimethoprim—sulfamethoxazole (TMP-SMX) 
acidosis and, 1003+ 
allergic reactions to, 86, 87, 94 
cutaneous diseases and, 102t 
glucose/msulin dysregulation and, 6821, 685¢ 
hemolytic anemia and, 1106¢ 
pancreatitis and, 8782, 886t 
as prohapten, 78 
Sulfanilamide, 5 
Sulfapyridine, 881 
Sulfasalazine 
alopecia and, 172, 174, 191 
aplastic anemia and, 1100t 
hepatic/cholestatic diseases and, 850t, 866 
interstitial lung disease/pulmonary fibrosis and, 432 
macrocytic anemia and, 1108¢ 
neutropenia/agranulocytosis and, 1088, 1090t, 1094 
oral lichenoid reactions and, 1270, 1272t 
ototoxicity and, 1237¢ 
pancreatitis and, 881, 887 
peripheral neuropathy and, 28 I¢ 
sexual dysfunction and, 762t, 765t 
systemic lupus erythematosus and, 125¢, 133 
taste disorders and, 1260t 
thrombocytopenia and, 1051¢ 
upper gastromtestinal ulceration and, 810+ 
valvular/pericardial heart disease and, 6611, 662, 664 
Sulfisoxazole, 94, 1482, 10514, 1100¢, 1108z, 1260¢ 
Sulfites, 741, 451, 4532, 454, 455t, 459 
Sulfonamide antibiotics, 92-95, 93f 
Sulfonamides 
acute kidney injury and, 944? 
allergic reactions to, 74t, 84, 86-87 
anti-infective, 101 
aplastic anemia and, 1100t 
cutaneous diseases and, 101, 103¢, 1114, 113 
drug fever and, 1189¢ 
hemolytic anemia and, 1106 
hepatic/cholestatic diseases and, 847t, 861¢ 
macrocytic anemia and, 1107, 1108¢ 
neutropenia/agranulocytosis and, 1088, 1091, 1091¢ 
oral erythema multiforme and, 1268¢ 
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oral lichenoid reactions and, 1272t 
pancreatitis and, 8787, 882, 886t, 892 
photosensitivity and, 143, 150, 154 
in sulfa drug class, 92 
systemic lupus erythematosus and, 125¢, 128¢, 133 
thrombocytopenia and, 1052, 1052t 
thyroid diseases and, 703¢ 
visual disturbances and, 307t, 316 
Sulfonylureas 
cutaneous diseases and, 101 
glucose/msulin dysregulation and, 681, 683, 6832, 685t, 688 
heart failure and, 506 
hepatic/cholestatic diseases and, 849t 
hypoglycemic agents, 92 
SIADH and, 981, 985 
thyroid diseases and, 703¢ 
weight gain and, 1172 
Sulindac 
alopecia and, 172 
aplastic anemia and, 1100t 
asthma/bronchospasm and, 463 
delirium and, 327t 
heart failure and, 510¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846¢ 
oral erythema multiforme and, 1268¢ 
oral lichenoid reactions and, 1272t 
ototoxicity and, 1237¢ 
pancreatitis and, 8787, 880, 881, 886¢ 
photosensitivity and, 148+ 
taste disorders and, 1260t 
thrombocytopenia and, 1051¢ 
Sulpiride, 265, 533 
Sumatriptan, 732, 92, 230-23 1t, 232, 380, 4724, 1260t 
Sunitinib 
alopecia and, 170 
chemotherapy-induced anemia and, 1109¢ 
heart failure and, 504¢, 510¢ 
hypertension and, 618¢ 
interstitial lung disease/pulmonary fibrosis and, 433¢ 
nausea/vomiting and, 908¢ 
osteonecrosis of jaw and, 1273-1276, 1274t 
pancreatitis and, 883 
taste disorders and, 1260t 
thyroid diseases and, 699-7004, 703t, 707-709, 715 
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Superoxide dismutase, 1242 
Supplements. See Dietary supplements 
Supraventricular arrhythmias, 569-595 
atrial fibrillation/atrial flutter, 581—588 
atrial tachycardia, 588-592 
AV node re-entrant tachycardia, 592-595 
sinus bradycardia/atrioventricular block, 569-581 
Suramin, 280¢ 
Surveillance. See Postmarketing surveillance 
Suvorexant, 353 
Suxamethonium, 73¢ 
Sympatholytics, 764t, 772 
Sympathomimetics 
heart failure and, 517 
intracerebral hemorrhage and, 239, 243, 246 
myocardial ischemia/acute coronary syndromes and, 473, 477t 
seizures and, 219 
tardive dyskinesia and, 262 
Symptoms. See Clinical presentation of disease 
Syncope, 631, 637, 641, 642t, 647 
Syndrome of inappropriate antidiuretic hormone secretion (SIADH), 981—990 
causative agents of, 981, 982—984r 
clinical presentation of, 986-988, 986t 
differential diagnosis of, 987, 987t¢ 
epidemiology of, 985 
management of, 989-990, 989t 
mechanisms of, 985—986 
morbidity and mortality for, 989 
overview, 981 
patient education on, 990 
prevention of, 989, 989t 
risk factors for, 988—989, 988r 
Synephrine. See Bitter orange 
System for Thalidomide Education and Prescribing Safety (STEPS) program, 6 
Systemic glucocorticoids, 1121¢, 11232, 1126t, 1127 
Systemic lupus erythematosus (SLE), 123-136 
causative agents of, 123, 124-1271, 662 
clinical presentation of, 129-133, 129¢, 131—132t 
cutaneous diseases and, 111 
differential diagnosis of, 132, 132t 
epidemiology of, 123, 127 
idiopathic, 130-132, 131¢t 
management of, 135, 135¢ 
mechanisms of, 127—129, 128¢ 
morbidity and mortality for, 134 
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patient education on, 135—136 

prevention of, 134-135, 134r 

risk factors for, 133—134, 133¢ 

valvular/pericardial heart disease and, 662, 664, 665, 670 


Tachycardia. See Atrial tachycardia; Atrioventricular node re-entrant tachycardia (AVNRT); Monomorphic 
ventricular tachycardia 


Tacrine, 852t 

Tacrolimus 
acidosis and, 1003+ 
alopecia and, 170t, 1721, 174 
chronic kidney disease and, 965, 9661, 967-969, 970t, 971-976, 972t 
color changes of oral mucosa and teeth and, 1254¢ 
cutaneous diseases and, 102t 
gingival hyperplasia and, 1263¢ 
glucose/msulin dysregulation and, 6811, 684¢, 690 
gout/hyperuricemia and, 1136¢, 1140 
hepatic/cholestatic diseases and, 853 
hypertension and, 618z, 620t, 624, 625 
hypertrichosis and, 196¢ 
lymphoma and, 1284¢, 12882, 1293, 1295 
oral lichenoid reactions and, 1273 
osteoporosis/osteomalacia and, 1127 
ototoxicity and, 1237¢ 
pancreatitis and, 891t 
peripheral neuropathy and, 28 1¢ 
photosensitivity and, 148+ 
psychosis and, 415, 417¢ 
sinus bradycardia/atrioventricular block and, 571t, 577—578t 
skin cancer and, 12844, 1288¢, 1298 
thrombocytopenia and, 1054, 1056 
thromboembolic diseases and, 1066¢, 1070t 
torsades de pointes and, 533, 539—540t 
visual disturbances and, 308¢ 

Tadalafil, 3087, 312-313, 636, 6402, 1237t¢ 

Taliglucerase alfa, 7¢ 

Tamoxifen 
alopecia and, 170t, 176 
asthma/bronchospasm and, 453¢ 
breast cancer and, 1300 
cannabinoids and, 33 
depression and, 376t, 381, 382, 385t, 386 
endometrial cancer and, 1285¢, 1288t, 1301-1303 
hepatic/cholestatic diseases and, 848¢ 
myocardial ischemia/acute coronary syndromes and, 473t 
neutropenia/agranulocytosis and, 1090¢ 
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ovarian hyperstimulation and, 782t, 785t, 789 
pancreatitis and, 883, 886t, 888 
stroke and, 230-2314, 232 
systemic lupus erythematosus and, 127t 
thrombocytopenia and, 1051¢ 
thromboembolic diseases and, 10644, 1068t, 1074, 1075t 
thyroid diseases and, 703¢ 
vaginal bleeding disorders and, 7821, 785t 
visual disturbances and, 308¢ 
vulvovaginal candidiasis and, 7822, 785t 
weight gain and, 1172 

Tamsulosin, 3084, 6321, 639t 

Tannic acid, 850 

Tapentadol, 906t 

Tardive akathisia. See Akathisia 

Tardive dyskinesia (TDk), 259-265 
causative agents of, 259, 260t 
clinical presentation of, 257t, 262 
differential diagnosis of, 257t, 262 
epidemiology of, 260-261 
management of, 264-265, 265t 
mechanisms of, 261 
morbidity and mortality for, 263 
overview, 253-254 
patient education on, 265 
prevention of, 263—264, 264t 
risk factors for, 263, 263t 

Tardive dystonia. See Dystonia 

Tartrazine, 453t 

Tasimelteon, 7t 

Taste disorders, 1258—1262 
causative agents of, 1258, 1259-1260 
clinical presentation of, 1256¢, 1261 
differential diagnosis of, 1257t, 1261 
epidemiology of, 1258, 1261 
management of, 1262 
mechanisms of, 1261, 1261t 
morbidity and mortality for, 1262 
patient education on, 1262 
prevention of, 1262 
risk factors for, 1258¢, 1261 

Taxanes, 127t, 2821, 288, 4331, 1087, 1109, 1300 

Tazarotene, 148t 

TCAs. See Tricyclic antidepressants 

TDk. See Tardive dyskinesia 
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TdP. See Torsades de pointes 
Teduglutide, 7t 
Teeth. See Color changes of oral mucosa and teeth 
Tegaserod, 7t, 4731, 840t 
Teicoplanin, 103¢, 1189¢ 
Telaprevir, 1258, 1260t 
Telithromycin, 847¢ 
Telmisartan, 632t, 638¢, 1237t 
Telogen effluvium, 166, 175-184, 179-182z, 184t 
Temazepam, 352, 1237¢, 1272t 
Temozolomide, 170t, 848¢, 909t, 991t, 1100¢ 
Temperature dysregulation, 1185-1218. See also Hyperthermia; Hypothermia 
Temporality, in epidemiology, 22 
Temsirolimus, 170t, 432t, 438, 836t, 1293 
TEN. See Toxic epidermal necrolysis 
Tenecteplase, 663¢, 1029¢ 
Teniposide, 73t, 170t, 848, 1288¢ 
Tenofovir, 966-967, 966, 9702, 991t, 10034, 11232, 1127, 1150¢ 
Tenosynovitis, 1140 
Tenoxicam, 510t 
Teratogenicity, 1311-1335 
causality assessment for, 22, 23, 1312 
congenital heart defects and, 1321-1324 
contraceptive use with teratogens, 191, 193, 205, 207 
defined, 1311 
factors affecting, 1314 
FDA evaluation of, 32 
fetal alcohol spectrum disorders and, 1331—1333, 1332t 
gastroschisis and, 1326-1327, 1326f 
history of, 1312-1313 
limb deficiency defects and, 1324-1326 
low birth weight and, 1311, 1316-1318 
management of, 1334-1335 
microcephaly and, 1330-1331, 1330f 
neural tube defects and, 1314, 1327-1328f, 1327-1329 
orofacial clefts and, 1318—1319f, 1318-1321, 1335 
patient education on, 1335 
placental transfer mechanisms and, 1313-1314 
prevention of, 1333-1334 
teratogenicity of, 1315-1316 
in Type D reactions, 60 
Terazosin, 308, 632t, 639¢, 1237t 
Terbinafine 
color changes of oral mucosa and teeth and, 1254¢ 
cutaneous diseases and, 103¢ 
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hepatic/cholestatic diseases and, 847t 
myopathy and, 1150+ 
photosensitivity and, 148¢ 
systemic lupus erythematosus and, 125, 132 
taste disorders and, 1258, 1260, 1261 
thrombocytopenia and, 1051¢ 
Terbutaline 
atrial tachycardia and, 588-5894, 589 
glucose/insulin dysregulation and, 6811, 684 
hepatic/cholestatic diseases and, 853¢ 
monomorphic ventricular tachycardia and, 524—525t, 529 
myocardial ischemia/acute coronary syndromes and, 473¢ 
Terconazole, 790t, 792 
Terfenadine, 473t, 538, 539, 540t, 541, 853+ 
Teriflunomide, 172t 
Teriparatide, 11292, 1130, 11362, 1140, 1150+ 
Terlipressin, 533t, 872 
Testolactone, 167t, 195t 
Testosterone 
alopecia and, 167t, 176, 184 
anxiety and, 402—403 
cutaneous diseases and, 102t 
growth hormone deficiency and, 751 
hirsutism and, 194, 195¢, 198, 201 
hypertension and, 6182, 620t 
myocardial ischemia/acute coronary syndromes and, 473¢, 476 
sexual dysfunction and, 763, 766, 767, 769, 798 
teratogenicity of, 1334 
torsades de pointes and, 538 
visual disturbances and, 308¢ 
Testosterone undecanoate, 762t, 765t 
Tetrabenazine 
depression and, 376f, 380, 385, 385¢ 
dystonia and, 270 
parkinsonism and, 271¢, 273t 
restrictive drug distribution system for, 7¢ 
tardive dyskinesia and, 264 
Tetracaine, 571t, 1238¢ 
Tetrachloroethylene, 850¢ 
Tetracyclic antidepressants, 218, 759-7602, 1170 
Tetracyclines 
acidosis and, 1002t, 1003t 
allergic reactions to, 95 
color changes of oral mucosa and teeth and, 8, 1253, 1254—-1255t, 1255-1258 
cutaneous diseases and, 101, 102—103¢ 
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diarrhea and, 823¢ 
drug fever and, 1189¢ 
hepatic/cholestatic diseases and, 8471, 861t 
myopathy and, 1150+ 
oral erythema multiforme and, 1268¢ 
oral lichenoid reactions and, 1272t 
ototoxicity and, 1238¢ 
pancreatitis and, 8787, 882, 885, 886t 
photosensitivity and, 143, 1482, 150, 1502, 154 
systemic lupus erythematosus and, 125t 
taste disorders and, 1260—1261t 
teratogenicity of, 1334 
upper gastromtestinal ulceration and, 809, 810-8117, 811, 816¢ 
visual disturbances and, 308¢ 
Tetrahydro-2-furanone, 1215 
Tetrahydrocannabinol, 33, 744¢ 
Tetramethrin, 453¢ 
Teucrium polium, 851t 
TGF (tumor growth factor), 1293 
Thalidomide 
constipation and, 836¢ 
glucose/insulin dysregulation and, 681t, 684 
hepatic/cholestatic diseases and, 848¢ 
infertility and, 783t, 786¢ 
interstitial lung disease/pulmonary fibrosis and, 439, 440 
leukemia and, 1286-1287 
oral lichenoid reactions and, 1272t 
ototoxicity and, 1238¢ 
peripheral neuropathy and, 280t, 2821, 284 
restrictive drug distribution system for, 6, 7t 
sinus bradycardia/atrioventricular block and, 571t 
teratogenicity of, 22, 23, 1312, 1321-1322, 1324 
thromboembolic diseases and, 10654, 1067, 1069¢, 1075t 
thyroid diseases and, 6994, 702t 
vaginal bleeding disorders and, 782t, 785t 
withdrawal from market, 5 
Thallium, 1714, 177, 1254¢ 
Theophylline 
acidosis and, 1002r 
acute kidney injury and, 953 
alkalosis and, 1013-10144, 1017 
anxiety and, 4014, 404, 405¢ 
asthma/bronchospasm and, 463 
atrial fibrillation/atrial flutter and, 582-5834, 584, 587-588 
atrial tachycardia and, 588, 588-5901, 590, 591 
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AV node re-entrant tachycardia and, 592—594r, 594 
cognitive disorders and, 365 
delirium and, 326 
diarrhea and, 823¢ 
drug fever and, 1189¢ 
drug-induced hospitalizations from, 26 
drug interactions with, 39¢ 
food interactions with, 40 
monomorphic ventricular tachycardia and, 524—525t, 529, 530 
myocardial ischemia/acute coronary syndromes and, 473¢ 
nausea/vomiting and, 909¢ 
oral erythema multiforme and, 1268¢ 
seizures and, 218t, 219, 222, 2221, 224, 226 
SIADH and, 984¢ 
sleep disorders and, 349t 
Thiabendazole, 847, 1238t, 1268¢ 
Thiacetazone, 1138 
Thiamazole, 124t, 1088 
Thiamine (vitamin B1), 265, 285, 362, 1009 
Thiazide diuretics 
acute kidney injury and, 943¢ 
alkalosis and, 1013—1014¢ 
cutaneous diseases and, 101 
depression and, 378 
glucose/msulin dysregulation and, 680t, 684¢ 
gout/hyperuricemia and, 1138 
hepatic/cholestatic diseases and, 847t 
pancreatitis and, 8787, 886-887 
sexual dysfunction and, 759-7601, 761, 764t, 772 
SIADH and, 984¢, 987 
in sulfa drug class, 92 
Thiazolidinediones, 476, 849¢, 11211, 1124, 1172 
Thienopyridines, 811, 815 
Thiethylperazine, 1238+ 
Thioamides, 703t, 716, 885, 888 
Thioguanine, 8487, 880 
Thiopental, 73, 871, 907¢ 
Thiopropazate, 265 
Thioridazine 
delirmm and, 326¢, 329t 
drug fever and, 1189¢ 
hepatic/cholestatic diseases and, 852¢ 
hypotension and, 635t, 639t 
hypothermia and, 1216¢ 
monomorphic ventricular tachycardia and, 524+ 
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neuroleptic malignant syndrome and, 1195¢ 

photosensitivity and, 148+ 

sexual dysfunction and, 798 

SIADH and, 983¢ 

sinus bradycardia/atrioventricular block and, 573t 

thromboembolic diseases and, 1066¢, 1070t 

thyroid diseases and, 703¢ 

torsades de pointes and, 533z, 540t 

visual disturbances and, 308¢ 

weight gain and, 1167¢, 1169, 1171 
Thiotepa, 170t, 177, 358t, 8482, 983 
Thiothixene 

delirmm and, 338 

hypotension and, 635t, 639t 

neuroleptic malignant syndrome and, 1195¢ 

seizures and, 221 

SIADH and, 983¢ 

thrombocytopenia and, 1051¢ 

weight gain and, 1167¢ 
Thioxanthenes, 743¢ 
Third-degree AV block, 569, 572, 575, 578 
Thrombin inhibitors, 239, 4872, 1026, 1029t, 1034, 1057-1058, 1076 
Thrombocytopenia, 1049-1059 

causative agents of, 1049-1050, 1050-105 1¢ 

clinical presentation of, 83-84, 1054-1056, 1054¢ 

differential diagnosis of, 1055, 1055¢ 

epidemiology of, 1050, 1052 

management of, 1057—1059 

mechanisms of, 1052—1054, 1052r 

morbidity and mortality for, 1056 

patient education for, 1059 

prevention of, 1056-1057, 1057t 

risk factors for, 1056, 1056t 
Thromboembolic diseases, 1063-1078 

causative agents of, 1063, 1064-1066 

clinical presentation of, 1071—1073, 1071t 

differential diagnosis of, 1072, 1072t 

epidemiology of, 1063, 1066 

management of, 237, 1076-1077 

mechanisms of, 1067-1071, 1068—1071t 

morbidity and mortality for, 1074 

patient education on, 1077-1078 

prevention of, 1074-1075, 1075¢ 

risk factors for, 1073-1074, 1073t 
Thrombolytic agents 
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bleeding disorders and, 1025, 10267, 10292, 1030, 1033-1034, 1039 
hepatic/cholestatic diseases and, 868 
intracerebral hemorrhage and, 238¢, 240t, 243, 2441, 245 
myocardial ischemia/acute coronary syndromes and, 486, 487t, 488 
Thrombotic thrombocytopenia purpura—hemolytic uremic syndrome (TTP-HUS), 1054, 1056 
Thyroid diseases, 697-717. See also Hyperthyroidism; Hypothyroidism 
causative agents of, 697-701, 698-7001, 704 
clinical presentation of, 711—713, 711t 
comorbidity with drug-induced diseases, 34 
differential diagnosis of, 711, 712, 712t 
epidemiology of, 704 
management of, 715—717, 715¢ 
mechanisms of, 697, 698f, 701-7032, 704-710, 706—707t 
morbidity and mortality for, 714 
patient education on, 717 
prevention of, 714-715, 715¢ 
risk factors for, 713-714, 713t 
Thyroid hormones, 4017, 403, 411, 4732, 703¢, 1126t 
Thyroid medications 
alopecia and, 173t, 175, 179t, 186 
desiccated, 707t 
neutropenia/agranulocytosis and, 1087, 1088, 1091¢ 
systemic lupus erythematosus and, 124¢ 
Thyroid-releasing hormone (TRH), 697, 698f 
Thyroid-stimulating hormone (TSH), 697, 698f, 700-701, 704, 707-715 
Thyroxine, 403, 1272 
Tiagabine 
alopecia and, 168¢ 
delirium and, 326 
depression and, 376t, 379, 385t 
dystonia and, 270 
ototoxicity and, 1238¢ 
psychosis and, 417t¢ 
visual disturbances and, 308¢ 
Tiaprofenic acid, 510¢ 
Ticagrelor, 73t, 573t, 582t, 1029, 10291, 1033 
Ticarcillin, 1189¢ 
Ticarcillin—clavulanate, 1191 
Ticlopidine 
aplastic anemia and, 1100t 
bleeding disorders and, 1029, 1029 
hepatic/cholestatic diseases and, 853¢ 
neutropenia/agranulocytosis and, 10902, 1091, 1091¢ 
ototoxicity and, 1238¢ 
serum sickness-like reactions and, 1193+ 
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systemic lupus erythematosus and, 125¢ 
thrombocytopenia and, 1054 
Tigecycline, 1482, 829, 878t, 882, 9091, 920, 1238: 
Tiludronate, 3084, 1274t 
Timolol, 1252, 1687, 3487, 454, 569, 578t, 1238¢ 
Tin, 1255¢ 
Tincture of opium, 827t, 828 
Tinnitus, 1233, 1239, 1240, 12402, 1242-1244 
Tioconazole, 790t 
Tiopronin, 853¢ 
Tiotropium, 127¢, 308t, 582t 
Tipiracil, 170¢ 
Tipranavir, 12687 
Tirofiban, 10292, 1051-10522, 1053 
Tivantinib, 57 1¢ 
Tivozanib, 699t 
Tizanidine, 571t, 578 
TMP-SMX. See Trimethoprim—sulfamethoxazole 
TNF. See Tumor necrosis factor 
Tobacco. See Smoking 
Tobramycin, 73¢, 328t, 453t, 1238¢, 1241 
Tocainide 
delirium and, 326 
heart failure and, 502t, 507, 510¢ 
hypotension and, 634¢ 
neutropenia/agranulocytosis and, 1090¢ 
systemic lupus erythematosus and, 127t 
To Err Is Human (IOM), 19, 51 
Tolazamide, 148¢ 
Tolbutamide, 94, 1482, 703t, 983t, 1268t, 1272t 
Tolcapone, 635t, 640t, 852t, 864 
Tolmetin 
drug fever and, 1189¢ 
hemolytic anemia and, 1105¢ 
hepatic/cholestatic diseases and, 846 
ototoxicity and, 1238¢ 
thrombocytopenia and, 1051¢ 
Tolterodine, 328-3291, 365, 984t 
Tolu balsam, 308¢ 
Toluene, 473t 
Tolvaptan, 872, 9892, 990 
Topical corticosteroids, 734 
Topical glucocorticoids, 7311, 733-735, 736t, 739, 741 
Topiramate 
acidosis and, 1003+ 
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acute kidney injury and, 9447, 957 
alopecia and, 168, 175 
anxiety and, 4014, 402, 404, 405z 
cognitive disorders and, 358t, 365, 367 
depression and, 376¢, 379, 385t, 388-389, 388¢ 
gingival hyperplasia and, 1263¢ 
hepatic/cholestatic diseases and, 852¢ 
osteoporosis/osteomalacia and, 1127 
ototoxicity and, 1238¢ 
peripheral neuropathy and, 289 
seizures and, 218t, 224 
sexual dysfunction and, 760t, 764t, 772 
teratogenicity of, 1319, 1330, 1331 
thromboembolic diseases and, 1066¢, 1071 
visual disturbances and, 309f, 312 
weight gain and, 1174, 1175, 1175¢ 
Topoisomerase inhibitors 
chemotherapy-induced anemia and, 1109 
diarrhea and, 822t 
leukemia and, 1284, 1285, 1287, 1289, 1290 
neutropenia/agranulocytosis and, 1087, 1091 
Topotecan, 170¢, 8484, 909¢ 
Toremifene, 8487, 1064t, 1068¢ 
Torsades de pointes (TdP), 530-546 
causative agents of, 530-531, 532—534t 
clinical presentation of, 536-537, 536—-537t 
differential diagnosis of, 536-537, 537t 
epidemiology of, 534-535 
gender differences in, 32 
management of, 544-545, 545f 
mechanisms of, 535-536 
morbidity and mortality for, 541-542 
patient education on, 545 
prevention of, 542-544, 543¢ 
risk factors for, 40, 537-541, 537t, 539—540r 
Torsemide, 148¢, 633t, 638¢, 1238t 
Toxic epidermal necrolysis (TEN) 
causative agents of, 95, 101, 103—104t 
clinical presentation of, 107—108r, 109, 110 
epidemiology of, 104, 105 
genetic factors related to, 32 
management of, 113, 114¢ 
morbidity and mortality for, 112 
risk factors for, 111 
Toxicity 
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digitalis glycoside, 589, 589t 
hepatotoxicity, 33-34, 39, 845, 853, 855-857, 865-868 
nephrotoxicity, 37 
ototoxicity. See Ototoxicity 
phototoxicity. See Photosensitivity 
pulmonary, 431, 434, 436-442 
Traction alopecia, 183, 184¢ 
Tramadol 
cutaneous diseases and, 101, 104¢ 
myocardial ischemia/acute coronary syndromes and, 489 
nausea/vomiting and, 906t¢ 
ototoxicity and, 1238¢ 
peripheral neuropathy and, 289 
seizures and, 2184, 219, 220, 222r 
serotonin syndrome and, 1203—1204t 
Trametinib, 170t, 1296 
Trandolapril, 1482, 632t, 6382, 1255t 
Tranexamic acid 
bleeding disorders and, 1039 
cutaneous diseases and, 102t 
gingival hyperplasia and, 1263¢ 
myocardial ischemia/acute coronary syndromes and, 472t 
seizures and, 221 
thromboembolic diseases and, 1064, 1067, 1068¢ 
visual disturbances and, 309¢ 
Transport mechanisms for drugs, 37, 1313 
Transthoracic echocardiograms, 665, 666—667f 
Tranylcypromine 
alopecia and, 173¢ 
delirium and, 327t 
drug interactions with, 40 
ototoxicity and, 1238¢ 
serotonin syndrome and, 1203—1204t 
SIADH and, 9821 
sleep disorders and, 348t 
Trastuzumab 
alopecia and, 170t, 177, 179¢ 
breast cancer and, 1300 
heart failure and, 502t, 507-508, 511-512 
visual disturbances and, 309¢ 
Travoprost, 197, 197t 
Trazodone 
alopecia and, 173¢ 
cognitive disorders and, 369 
drug fever and, 1189¢ 
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hepatic/cholestatic diseases and, 852t 
hypertrichosis and, 197t 
hypotension and, 634¢, 639t 
monomorphic ventricular tachycardia and, 524—525t 
myocardial ischemia/acute coronary syndromes and, 472t 
ototoxicity and, 1238¢ 
photosensitivity and, 148¢ 
seizures and, 220 
serotonin syndrome and, 1202, 1203—1204t 
sexual dysfunction and, 765t¢ 
SIADH and, 982t 
sleep disorders and, 353 
torsades de pointes and, 5344, 540t 
Treatment. See Management of disease 
Treprostinil, 7t, 636t, 640t 
Tretinoin, 148¢, 173t, 191, 197¢, 6612, 10662, 1071¢ 
TRH (thyroid-releasing hormone), 697, 698f 
Triamcinolone, 73¢, 1714, 195—196t, 739, 739¢, 741 
Triamcinolone acetonide, 188¢, 731t, 736t, 738 
Triamterene 
acidosis and, 1003+ 
diabetes insipidus and, 991t 
drug fever and, 1189¢ 
photosensitivity and, 148¢ 
systemic lupus erythematosus and, 125t 
Triazolam, 327t, 329t, 352 
Triazolopyridine, 761¢ 
Trichloroethylene, 850¢ 
Trichotillomania, 183, 184t 
Tricyclic antidepressants (TCAs) 
akathisia and, 254, 255, 255—256t, 258¢ 
alopecia and, 175 
anxiety and, 401, 405¢, 406 
cognitive disorders and, 359, 3591, 360, 362 
delirmm and, 325, 326t 
depression and, 376¢, 391, 392 
drug interactions with, 33 
heart failure and, 504t 
hepatic/cholestatic diseases and, 852t 
human leukocyte antigen and, 37 
hypotension and, 631, 642, 645¢ 
myocardial ischemia/acute coronary syndromes and, 472 
oral lichenoid reactions and, 1272t 
peripheral neuropathy and, 289 
seizures and, 218, 220, 222t, 226 
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serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 758-7601, 765t¢ 
SIADH and, 9821 
visual disturbances and, 295, 309t 
weight gain and, 1170 
Trifluoperazine, 221, 547t, 635t, 6391, 983t, 1167¢, 11892, 1195¢ 
Trifluridine, 170t 
Trihexyphenidyl, 348z, 984 
Trimethadione, 124t, 3092, 1244 
Trimethobenzamide, 853t 
Trimethoprim 
acidosis and, 1003+ 
drug interactions with, 40 
macrocytic anemia and, 1107 
nausea/vomiting and, 930 
photosensitivity and, 148+ 
SIADH and, 984¢ 
Trimethoprim—sulfamethoxazole (TMP-SMX) 
allergic reactions to, 75t¢ 
bleeding disorders and, 1031 
cutaneous diseases and, 101, 104¢ 
delirium and, 328¢ 
drug fever and, 11894, 1191 
drug-induced hospitalizations from, 26 
genetic variability and, 16+ 
macrocytic anemia and, 1108, 1108¢ 
nausea/vomiting and, 909f, 915, 929-930 
neutropenia/agranulocytosis and, 1088, 1090t 
oral erythema multiforme and, 1268¢ 
pancreatitis and, 882 
photosensitivity and, 147¢ 
psychosis and, 417¢ 
serum sickness-like reactions and, 1192, 1193¢ 
systemic lupus erythematosus and, 125t 
thrombocytopenia and, 1050, 1051¢ 
visual disturbances and, 307t¢ 
Trimipramine, 148¢, 173t, 982 
Tripelennamine, 850t 
Triprolidine, 1272t 
Triptans 
depression and, 376t, 378, 380 
myocardial ischemia/acute coronary syndromes and, 474, 477t, 478 
serotonin syndrome and, 1204 
stroke and, 232 
Troglitazone, 3, 10 


21 at 


Tropisetron, 919, 9241, 928¢ 
Trovafloxacin, 280t 
Troxidone, 124t 
Tryptase, 82 
Tryptophan, 154, 386, 1203 
TSH. See Thyroid-stimulating hormone 
TTP-HUS (thrombotic thrombocytopenia purpura—hemolytic uremic syndrome), 1054, 1056 
Tuberculosis, 288 
Tumor growth factor (TGF), 1293 
Tumor necrosis factor (TNF) 
in allergic reactions, 81 
alopecia and, 166 
cutaneous diseases and, 105, 109 
in hepatic and cholestatic diseases, 857 
in thermoregulation, 1185, 1186 
Tumor necrosis factor alpha (TNFa), 703¢ 
Tumor necrosis factor alpha (TNFa) inhibitors 
depression and, 3771, 382, 383, 386 
heart failure and, 512 
hepatic/cholestatic diseases and, 852t 
interstitial lung disease/pulmonary fibrosis and, 433, 433¢ 
leukemia and, 1284, 1284¢, 1287, 1289 
lymphoma and, 1284, 1292, 1293 
skin cancer and, 1284t, 1295-1297 
Tumor necrosis factor-blocking agents, 173, 176, 178, 179¢ 
Type A reactions, 59, 60 
Type B reactions, 59—60 
Type C reactions, 60 
Type D reactions, 60 
Typical antipsychotics 
alopecia and, 175 
delirmm and, 336 
neuroleptic malignant syndrome and, 1196, 1199 
tardive dyskinesia and, 264 
torsades de pointes and, 541, 542 
Tyramine, 40 
Tyropanoate sodium, 707¢ 
Tyrosine kinase inhibitors 
alopecia and, 177 
chemotherapy-induced anemia and, 1101I¢ 
diarrhea and, 822t 
glucose/insulin dysregulation and, 681¢, 683—685¢ 
growth hormone deficiency and, 747, 748¢ 
hepatic/cholestatic diseases and, 848¢ 
interstitial lung disease/pulmonary fibrosis and, 433¢ 
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neutropenia/agranulocytosis and, 1087 
pancreatitis and, 883, 886t, 888 
thyroid diseases and, 704, 705, 707-709 


Unfractionated heparin 
bleeding disorders and, 1026¢, 1027, 1029¢, 1032, 1036 
myocardial ischemia/acute coronary syndromes and, 486 
osteoporosis/osteomalacia and, 1121¢, 1124¢ 
thrombocytopenia and, 1056-1057, 1057t 
thromboembolic diseases and, 1076 
Unstable angina, 471 
Upper gastromtestinal (GI) ulceration, 809-819 
causative agents of, 809-810, 810z 
clinical presentation of, 812-814, 813¢ 
differential diagnosis of, 813-814, 813¢ 
epidemiology of, 810-811 
management of, 818 
mechanisms of, 811—812, 811¢ 
morbidity and mortality for, 816 
patient education on, 818-819 
prevention of, 816-818, 816¢ 
risk factors for, 814-816, 815t 
ranium, 850t 
rethane, 850t 
Jricosuric agents, 1136-1137, 11367, 1145 
Jrine, detection of drugs in, 420, 420t 
rokinase, 77t, 440, 10642, 1068¢ 
Jrsodiol, 836t, 868 
Jrticaria, 72—73t, 80-83, 83—84¢, 87, 98, 992, 106 
Jsnic acid, 851¢ 
Jstekinumab, 383 
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terine carcinoma. See Endometrial cancer 


Vaccine Adverse Event Reporting System (VAERS), 50, 66 
Vaccines. See also specific vaccines 
adverse event reporting for, 50, 66 
allergic and hypersensitivity reactions to, 74—75t, 77t 
autism concerns related to, 21, 29 
hypertrichosis and, 195, 197¢ 
serum sickness-like reactions and, 1192 
Vaginal bleeding disorders, 793-797 
amenorrhea and oligomenorrhea, 793-795 
dysmenorrhea, 796-797 
menorrhagia and menometrorrhagia, 795—796 
Valacyclovir, 148t, 168 
Valbenazine, 264 
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Valdecoxib, 13, 104t, 230, 361, 472t, 475, 1268 
Valerian, 309t, 353, 4011, 402 
Valerian root, 851¢ 
Valganciclovir, 1090¢ 
Valproate 
cognitive disorders and, 360, 362, 365, 369 
parkinsonism and, 254, 270, 271t, 273t 
systemic lupus erythematosus and, 124¢ 
thrombocytopenia and, 1051¢ 
thyroid diseases and, 699t 
weight gain and, 1170 
Valproate sodium, 103t, 378, 713, 761t, 1262, 1263¢, 1272t 
Valproic acid 
acidosis and, 1003+ 
acute kidney injury and, 943¢ 
allergic reactions to, 75t¢ 
alopecia and, 168¢, 175, 178, 186 
anxiety and, 411 
cognitive disorders and, 358t, 365, 367 
cutaneous diseases and, 101, 104¢, 111 
delirium and, 326 
depression and, 379 
hepatic/cholestatic diseases and, 852z, 861t, 866, 868 
hirsutism and, 194, 195¢, 198, 199¢ 
neuroleptic malignant syndrome and, 1195¢ 
neutropenia/agranulocytosis and, 1090t 
oral erythema multiforme and, 1268¢ 
osteoporosis/osteomalacia and, 1123¢ 
ototoxicity and, 1238¢ 
pancreatitis and, 8787, 883, 886t, 887 
peripheral neuropathy and, 289 
photosensitivity and, 148¢ 
for seizure disorders, 95 
SIADH and, 983¢ 
systemic lupus erythematosus and, 130 
teratogenicity of, 1315, 1319, 1321-1322, 1324, 1328-1331 
thrombocytopenia and, 10522, 1056, 1056t¢ 
upper gastrointestinal ulceration and, 809, 810¢ 
vaginal bleeding disorders and, 793 
visual disturbances and, 309¢ 
weight gain and, 1166¢, 1169, 11692, 1170, 1173¢ 
Valsartan, 1482, 632—633t, 638¢, 1238¢ 
Valvular and pericardial heart disease, 659-670 
causative agents of, 659-662, 660—661t 
clinical presentation of, 664-668, 6651, 666—667f 
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differential diagnosis of, 665-668, 667t 
epidemiology of, 662—663 
management of, 669-670, 670t 
mechanisms of, 663—664, 663 
morbidity and mortality for, 669 
patient education on, 670 
prevention of, 669, 669¢ 
risk factors for, 668-669, 668 
Vancomycin 
allergic and hypersensitivity reactions to, 73—75t, 76, 77t, 81, 97t 
cutaneous diseases and, 103¢ 
diarrhea and, 828-829 
drug fever and, 1189, 1191 
hypotension and, 635t, 6381, 644, 645¢ 
neutropenia/agranulocytosis and, 10907, 1095 
oral erythema multiforme and, 1268¢ 
ototoxicity and, 1233, 12382, 1241-1242 
thrombocytopenia and, 1051—1052t 
Vandetanib, 7t, 148z, 1701, 4321, 5332, 5392, 709 
Vardenafil, 3092, 312-313, 582t, 636t, 640t 
Varenicline 
anxiety and, 4017, 402, 409 
depression and, 376f, 381, 385t, 386, 387, 391 
myocardial ischemia/acute coronary syndromes and, 473 
ototoxicity and, 1238¢ 
Vascular endothelial growth factor (VEGF), 512, 888, 1274, 1293 
Vascular injury, 8552, 858, 8592, 8611, 862 
Vasculitis, 74t, 83-841, 84-85, 99t, 232 
Vasoconstriction/vasospasm, 232, 404, 478, 486-488, 1216 
Vasodilators, 457, 477t, 478-479, 6331, 643-644, 645t, 670 
Vasopressin 
alcohol use and, 232 
alopecia and, 174, 180 
hepatic/cholestatic diseases and, 872 
myocardial ischemia/acute coronary syndromes and, 473 
synthesis of, 729 
vaginal bleeding disorders and, 782t, 786t, 796 
Vasopressin-receptor antagonists, 989-990, 989¢ 
Vasovagal syncope, 637, 647 
Vatalanib, 699t 
VEGF (vascular endothelial growth factor), 512, 888, 1274, 1293 
Vemurafenib, 71, 1482, 1702, 883, 886t, 11092, 12842, 1296-1297 
Venencapsan, 851¢ 
Venlafaxine 
alopecia and, 173t 


2741 


asthma/bronchospasm and, 453 
constipation and, 836t 
delirium and, 327t 
depression and, 391 
heart failure and, 504t, 509 
hepatic/cholestatic diseases and, 852t 
hyperprolactinemia and, 743¢ 
hypertension and, 6182, 620t 
monomorphic ventricular tachycardia and, 524—525t 
myocardial ischemia/acute coronary syndromes and, 472 
ototoxicity and, 1238¢ 
peripheral neuropathy and, 287, 289 
photosensitivity and, 148¢ 
seizures and, 219 
serotonin syndrome and, 1203—1204t 
sexual dysfunction and, 772 
SIADH and, 981, 9822, 985, 987, 988, 990 
sleep disorders and, 3487, 349 
visual disturbances and, 309¢ 
weight gain and, 1166¢ 
Venous thromboembolism (VTE) 
clinical presentation of, 1071-1072 
epidemiology of, 1063, 1067 
management of, 1076-1077, 1077¢ 
mechanisms of, 1067, 1071 
morbidity and mortality for, 1074 
overview, 1063 
patient education on, 1077-1078 
prevention of, 1074-1075 
risk factors for, 1073—1074 
Ventricular arrhythmias, 523-549 
Brugada syndrome, 546-549 
monomorphic ventricular tachycardia, 523-530 
torsades de pointes, 530-546 
Verapamil 
alopecia and, 168¢ 
asthma/bronchospasm and, 453¢ 
atrial fibrillation/atrial flutter and, 5831, 586, 587t 
atrial tachycardia and, 590, 591 
AV node re-entrant tachycardia and, 594 
constipation and, 836¢ 
delirium and, 327t 
drug interactions with, 38 
gingival hyperplasia and, 1263, 1263¢ 
heart failure and, 502t, 504t, 505, 509, 5104, 515 
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hyperprolactinemia and, 742, 743—744t 
hypertrichosis and, 196t 
hypotension and, 633t, 639t 
myocardial ischemia/acute coronary syndromes and, 4721, 488—489 
oral erythema multiforme and, 1268¢ 
ototoxicity and, 1238¢ 
sinus bradycardia/atrioventricular block and, 571t, 572, 573t, 577, 578, 580 
systemic lupus erythematosus and, 124¢ 
Vernakalant, 634t 
Verteporfin, 1487, 151, 154 
Vertigo, 1233, 1240, 1240t 
Viagra. See Sildenafil 
Vigabatrin, 72, 3092, 360, 376t, 379, 417t, 1263¢ 
Vilazodone, 772, 982t, 1166t, 1169¢ 
Vildagliptin, 879¢ 
Vinblastine 
alopecia and, 170t 
anxiety and, 4017, 403 
hypotension and, 636t, 640t 
leukemia and, 1285 
myocardial ischemia/acute coronary syndromes and, 472¢ 
ototoxicity and, 1238¢ 
pancreatitis and, 879t 
photosensitivity and, 148+ 
SIADH and, 9832, 988, 988¢ 
Vinca alkaloids 
depression and, 386 
hepatic/cholestatic diseases and, 848 
infertility and, 7832, 786t, 800 
neutropenia/agranulocytosis and, 1087 
pancreatitis and, 881 
peripheral neuropathy and, 282, 282t 
SIADH and, 981, 987 
visual disturbances and, 309¢ 
Vincristine 
alopecia and, 170t, 176 
depression and, 377t, 384, 385t 
drug fever and, 1189¢ 
hypotension and, 636t, 640t 
leukemia and, 1285 
lymphoma and, 1295 
myocardial ischemia/acute coronary syndromes and, 472 
myopathy and, 1150¢, 1151, 1155 
ototoxicity and, 1238¢ 
pancreatitis and, 879t 
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peripheral neuropathy and, 280¢, 285 
SIADH and, 9831, 988, 9887 

Vindesine, 171¢, 1238 

Vinorelbine, 1712, 472t, 9832, 990, 1238¢ 

Vinyl chloride, 850¢ 

Vismodegib, 171¢ 

Visual disturbances, 295—319 
causative agents of, 295-313, 296-312 
clinical presentation of, 315-317, 316¢ 
differential diagnosis of, 316, 316t¢ 
epidemiology of, 313 
management of, 318-319 
mechanisms of, 313-315, 314-315t 
morbidity and mortality for, 317 
patient education on, 319 
prevention of, 317-318, 318¢ 
risk factors for, 317, 317t¢ 

Vitamin A (retinol) 
alopecia and, 166, 174, 174, 177, 184 
heart failure and, 515 
hepatic/cholestatic diseases and, 853¢, 870 
myopathy and, 1152 
oral erythema multiforme and, 1267t¢ 
osteoporosis/osteomalacia and, 1121t, 11244, 1126t, 1128, 1129 
ototoxicity and, 1238¢ 
teratogenicity of, 1334¢ 

Vitamin By (thiamine), 265, 285, 362, 1009 

Vitamin Bg. See Pyridoxine 

Vitamin B17 (cobalamin), 284, 1107, 1108, 1256 


Vitamin C, 515, 792, 1264 
Vitamin D, 1120, 1122, 1126, 1130, 12602, 1261, 1262 
Vitamin D3 (cholecalciferol), 890, 1122, 1126, 1262 
Vitamin E 
alopecia and, 184 
heart failure and, 515 
hepatic/cholestatic diseases and, 868 
myopathy and, 1152 
peripheral neuropathy and, 287¢ 
tardive dyskinesia and, 265 
vaginal bleeding disorders and, 796 
Vitamin K 
characteristics of, 1037t 
deficiencies in, 1314 
hepatic/cholestatic diseases and, 869 
intracerebral hemorrhage and, 245 
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thromboembolic diseases and, 1067 
Vitamin K antagonists 
bleeding disorders and, 1026, 10267, 1028, 1029¢, 1036, 1038-1039 
intracerebral hemorrhage and, 237 
valvular/pericardial heart disease and, 6617, 662, 664, 668¢, 669 
Voglibose, 849t 
Vomiting. See Nausea and vomiting 
Vorapaxar, 1026¢, 1029, 1029¢ 
Voriconazole 
alopecia and, 168¢, 177 
cutaneous diseases and, 104¢t 
diabetes insipidus and, 991t 
drug interactions with, 39¢ 
photosensitivity and, 148+ 
skin cancer and, 1284t 
torsades de pointes and, 5342, 539—540t 
visual disturbances and, 310t 
Vorinostat, 533¢, 539t 
Vortioxetine, 9822, 11661, 1169¢ 
VTE. See Venous thromboembolism 
Vulvovaginal candidiasis, 790-792 
causative agents of, 782t, 790-791 
clinical presentation of, 787t, 791 
differential diagnosis of, 788t, 791 
epidemiology of, 791 
management of, 7902, 792 
mechanisms of, 785t, 791 
morbidity and mortality for, 791—792 
patient education on, 792 
prevention of, 7892, 792 
risk factors for, 788¢, 791 


Wafer ash, 310¢ 
Warfarin 
alopecia and, 166, 167¢, 178 
bleeding disorders and, 10294, 1031, 1031¢, 1032, 1034, 1036, 1038-1039 
cannabinoid interactions with, 33 
comorbidity and, 34 
cutaneous diseases and, 104¢, 105, 1114, 113¢ 
drug interactions with, 39¢ 
genetic variations affecting, 36¢ 
hepatic/cholestatic diseases and, 853+, 868 
intracerebral hemorrhage and, 237, 238¢, 240t, 243, 244, 245, 246 
metabolic pathway for, 35 
sexual dysfunction and, 761t, 765¢ 
stroke and, 237 


2745 


target receptors for, 37 
teratogenicity of, 1314, 1316, 1334¢ 
thrombocytopenia and, 1058 
thromboembolic diseases and, 1064t, 1067, 1068t, 1075, 1075t, 1076-1077 
upper gastromtestinal ulceration and, 814 
valvular/pericardial heart disease and, 662, 664 
visual disturbances and, 310¢ 
Warfarin-induced skin necrosis (WISN), 107—108z, 109-111, 114+ 
Warner Lambert v. Kent (2008), 91, 10 
Weight gain, 1165—1175 
causative agents of, 1165, 1166—1167¢ 
clinical presentation of, 1168-1173, 1169¢ 
differential diagnosis of, 1169, 1170¢ 
epidemiology of, 1165, 1167-1168 
management of, 1174-1175, 1175¢ 
mechanisms of, 1168, 1168¢ 
morbidity and mortality for, 1173 
patient education on, 1175 
prevention of, 1173-1174, 1174t 
risk factors for, 1173, 1173¢ 
Wells criteria, 1072, 1072r 
Wild lettuce, 353 
WISN (warfarin-induced skin necrosis), 107—108¢, 109-111, 114¢ 
Withdrawal, 415, 417t, 420-422, 424, 424t 
Wolff—Chaikoff effect, 705, 708 
Women. See Gender differences; Gynecologic diseases 
Women’s Health Initiative (WHI), 229, 1299, 1300 
World Health Organization (WHO) 
on adherence interventions, 41 
adverse drug reaction database of, 991 
anemia as defined by, 1099 
fracture risk assessment model from, 1125, 1126 
on hypothermia, 1215 
iodine supplement programs from, 714 
leukemia classifications by, 1283 
neuropathy grading scale from, 283 
on osteoporosis, 1120 
pancreatitis case reports received by, 880 
Uppsala Monitoring Center system, 64, 64t, 65 
Wormseed, 310¢ 
Wyeth v. Levine (2009), 9t, 10 


Xanthine oxidase inhibitors, 1136, 1137, 1145 
Xenobiotics, 845, 859, 860t 
Xylitol, 1002¢ 
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Yellow jasmine, 310¢ 
Yi-gan san, 265 
Yohimbine, 4011, 404, 409, 4531, 646t, 647 


Zafirlukast, 127t, 853t 
Zalcitabine, 168¢, 279, 280t, 8791, 1238t 
Zaleplon, 14872, 352 
Zanamivir, 453¢ 
Zidovudine 
acidosis and, 1002t 
allergic reactions to, 73¢ 
alopecia and, 168¢ 
color changes of oral mucosa and teeth and, 1253, 1255¢ 
comorbidity and, 34 
heart failure and, 504t, 509 
hepatic/cholestatic diseases and, 864 
hypertrichosis and, 196¢, 199 
macrocytic anemia and, 1101¢, 1107, 1108¢ 
myopathy and, 1150-1156, 1150¢, 1152z, 1158, 1159 
nausea/vomiting and, 909¢ 
neutropenia/agranulocytosis and, 1090¢ 
oral erythema multiforme and, 1268¢ 
oral lichenoid reactions and, 1272t 
osteoporosis/osteomalacia and, 1123t 
ototoxicity and, 1238¢ 
Zileuton, 462, 463 
Zinc, 1261, 1262, 1321 
Ziprasidone 
alopecia and, 173¢t 
anxiety and, 4017, 405, 4052, 406 
delirium and, 326r, 338, 340 
extrapyramidal symptoms and, 254 
glucose/insulin dysregulation and, 690 
hyperprolactinemia and, 743¢ 
hypotension and, 635t, 639t 
neuroleptic malignant syndrome and, 1195¢ 
serotonin syndrome and, 1203—1204t 
tardive dyskinesia and, 265 
torsades de pointes and, 5347, 540t 
weight gain and, 1166¢, 11694, 1170, 1175¢ 
Zoledronic acid 
atrial fibrillation/atrial flutter and, 581, 583t, 584 
constipation and, 836t 
drug fever and, 1189¢ 
osteonecrosis of jaw and, 1274, 1274¢ 
osteoporosis/osteomalacia and, 1129¢, 1130 
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visual disturbances and, 310¢ 
Zolmitriptan, 380, 472t 
Zolpidem, 148t, 352, 367, 417-4182, 1238: 
Zonisamide 

acidosis and, 1003+ 

acute kidney injury and, 9442, 957 

depression and, 379 

dystonia and, 270 

ototoxicity and, 1238¢ 

psychosis and, 417¢ 

in sulfa drug class, 92 

systemic lupus erythematosus and, 124¢ 

visual disturbances and, 310t 

weight gain and, 1174, 1175, 1175¢ 
Zopiclone, 1255t, 1260t 
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DRUG-INDUCED DISEASES: PREVENTION, DETECTION, AND MANAGEMENT, THIRD EDITION 


FROM THE FOREWORD: 

“Drug-Induced Diseases: Prevention, Detection, and Management is on extraordinary work that continues to 

be the standard for understanding and preventing drug-induced diseases. It can be a practitioner’s most useful tool.’” 
John A. Gons, PhormD 

Professor and Dean (Emeritus), Philadelphia College of Pharmacy, and CEO (Emeritus), Americon Phormacists Association 


Drug-induced diseases are unintended effects of drugs that result in mortality or morbidity with 
symptoms sufficient to prompt a patient to seek medical attention and/or require hospitalization. 
Drug-induced Diseases: Prevention, Detection, and Management provides a detailed overview of 
diseases that result from drug therapy, arming healthcare professionals with critical knowledge 

to protect the health and welfare of their patients. 


Now in its third edition, this important reference helps healthcare practitioners, residents, and 
students by expanding the understanding of disease state causes and effects, encouraging critical 
thinking and raising awareness that many diseases can be caused or exacerbated by a medication 
the patient is taking. 


The third edition has been revised and expanded: 

© 58 peer-reviewed chapters authored by 99 contributors 

* Detailed, comprehensive tables 

* New chapters including Bleeding Disorders, Teratogenicity, and Oral Manifestations of Systemically 
Administered Drugs 

* Comprehensive coverage of scores of drug-induced diseases 

* Informotion pertaining to the contribution of genetic polymorphisms to specific drug-induced diseases 

* “Levels of evidence” classification for identifying the strength of evidence that links a listed drug 
to a specific drug-induced disease 

* And much more 


Edited by James E. Tisdale and Douglas A. Miller, with contributions from distinguished experts, 
Drug-induced Diseases: Prevention, Detection, and Management is organized for easy use by pharmacists, 
physicians, nurses, and other healthcare professionals, as well as by students ond trainees. 


ISBN 978-158528530-3 
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